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SUMMARY 
 
The Northern Territory is very prospective for both 
conventional and unconventional hydrocarbons in a 
number of sedimentary basins in both onshore and offshore 
areas. This report presents a systematic review of the 
petroleum geology of all of the more prospective onshore 
basins, in which the structural evolution, stratigraphic 
successions, geochemistry, and petroleum systems are 
examined, along with standardised data on the fields, 
production, reserves and potential resources. Brief reviews 
are also included of those basins with less petroleum 
potential. All of the NT's onshore basins are very 
underexplored by world standards. 

The Amadeus, McArthur, onshore Bonaparte and 
Georgina basins have the highest demonstrated levels of 
petroleum prospectivity in the NT, and have been the focus 
of much of the exploration activity to date. Only the 
Amadeus Basin has producing fields, but both the 
McArthur and onshore Bonaparte basins have contingent 
petroleum reserves. Other basins with petroleum potential 
include the Birrindudu, South Nicholson, Warburton, 
Pedirka, Eromanga, Ngalia, Wiso and Hale basins, and the 
Lawn Hill Platform. The remainder of the NT's 
sedimentary basins have either untested or low 
prospectivity. Brief summaries of the more prospective 
basins are included below. 
 
McArthur Basin 
 
The Palaeo- to Mesoproterozoic McArthur Basin contains 
an unmetamorphosed and relatively undeformed succession 
of sedimentary and minor volcanic rocks with a preserved 
thickness of up to 15 km in the northeastern NT. It contains 
elements of at least two Proterozoic petroleum systems; the 
oldest within the Palaeoproterozoic McArthur and Nathan 
groups, and the other within the Mesoproterozoic Roper 
Group. Other petroleum systems may also be present in 
equivalent and older groups of the basin. Armour Energy 
Ltd (Armour) has been targeting conventional and 
unconventional gas and oil resources in the McArthur 
Group within the Batten Fault Zone in the southern 
McArthur Basin. In 2012, Armour reported gas in Cow 
Lagoon-1 and Glyde-1 ST1, and this was followed-up by 
significant oil and gas shows in Lamont Pass-3 in 2013. 
Glyde-1 is a shallow conventional gas accumulation within 
brecciated Coxco Dolostone Member (Teena Dolostone), 
underlying Barney Creek Formation source rocks. The 
Barney Creek Formation is a significant unconventional 
shale gas and -oil prospect and unconventional gas is also 
reservoired in relatively low-permeability reservoirs in the 
Lynott Formation and Reward Dolostone.  

Roper Group petroleum occurrences are within the 
Beetaloo Sub-basin, which is considered to be one of the 
most promising regions in the NT for shale oil and -gas. 
The sub-basin is also prospective for conventional 
petroleum, although no significant accumulations have 
been identified to date. Recent focus has been on the 
unconventional resources of the sub-basin, and several 
wells, in particular Shenandoah-1A (Falcon Oil and 

Gas), have confirmed the shale oil and -gas potential of 
the middle Velkerri and Kyalla formations, and the 
BCGA potential of the Bessie Creek and Moroak 
sandstones.  

The McArthur Basin is prospective for petroleum over 
large areas that remain virtually unexplored. Strata of the 
McArthur and Roper groups are likely to extend in the sub-
surface well beyond their currently defined geographical 
limits into areas that have yet to be tested. The unexplored 
Walker Fault Zone in the north of the McArthur Basin is 
analogous to the Batten Fault Zone in the south of the basin 
and contains strata equivalent to the petroliferous 
McArthur Group, but has no seismic coverage and has not 
been drilled. A significant, but unexplored depocentre to 
the west of the Beetaloo Sub-basin, as previously defined, 
is likely to contain Roper Group-equivalent strata in a 
similar geological setting to that of the sub-basin. 
Successions in other areas and at other stratigraphic levels 
of the McArthur Basin have never been tested for their 
petroleum potential, but could contain economic petroleum 
accumulations.  
 
Amadeus Basin 
 
The Neoproterozoic to Late Devonian/Early Carboniferous 
Amadeus Basin is a large structural remnant of the 
Neoproterozoic–early Palaeozoic Centralian Superbasin in 
the central-southern NT. It contains a sedimentary 
succession up to 14 km thick that is prospective for 
petroleum at numerous stratigraphic levels. The basin 
contains the only producing conventional petroleum fields 
in the onshore NT (Mereenie oil and gas and Palm Valley 
gas), with a third field (Surprise oil) likely to commence 
production in 2014. There are also a number of other 
undeveloped fields and prospects. Two petroleum systems 
are relatively well defined within the basin, and the 
existence of a number of other poorly defined systems has 
been demonstrated.  

The oldest Neoproterozoic system constitutes an 
excellent exploration target, particularly in the south of the 
basin, although it is essentially unexplored. The lower 
Gillen Member (Bitter Springs Formation) provides good 
source rock characteristics, and regionally extensive 
evaporites within the member act as a top seal over 
potential reservoirs in the Heavitree and correlative Dean 
quartzites. The system has been proved by oil shows within 
the Gillen Member and by a stabilised sub-commercial 
flow of gas from drillhole Magee-1 in the southern part of 
the basin. This system is currently being targeted by Santos 
for multi-Tcf-sized conventional gas and helium at the 
Mount Kitty prospect in the southern portion of the basin.  

Neoproterozoic to Cambrian strata of the basin contain 
several petroleum systems, none of which are particularly 
well defined. Potential source rocks and possible reservoir–
seal configurations are present at a number of stratigraphic 
levels. The principle reservoirs recognised to date are the 
Pioneer Sandstone, which hosts the Ooraminna gas field, 
and Arumbera Sandstone, which hosts the Dingo gas field 
and Orange gas prospect. The Pertatataka Formation is a 
proven source rock within this system, but older rocks with 



viii 
 

good source characteristics, including the Aralka and upper 
Bitter Springs formations, are also present. 

The Ordovician Lower Larapinta Group Total 
Petroleum System is currently the only commercially 
productive petroleum system in the basin and is the best 
target for petroleum exploration. This system includes the 
prolific Horn Valley Siltstone source rock unit and two 
principle reservoir units, the underlying Pacoota and 
overlying Stairway sandstones. It is responsible for the 
charge of the Mereenie oil-gas, Palm Valley gas and 
Surprise oil fields, and also includes the West Walker and 
Johnstone West prospects. The system is sealed by 
intraformational shale in the Pacoota and Stairway 
sandstones over reservoirs in the lower parts of these units, 
by the Horn Valley Siltstone, which seals some upper 
Pacoota Sandstone reservoirs (eg at West Walker), and by 
the Stokes Siltstone, which provides a thick seal for the 
upper Stairway Sandstone. The play fairway for this system 
is located in the northern part of the basin and it is 
considered to be oil- and gas-prone with increasing 
probability for oil westwards. The Horn Valley Siltstone is 
also very prospective for unconventional shale gas and -oil, 
and the Pacoota and Stairway sandstones are also 
prospective for basin-centred gas.  
 
Georgina Basin 
 
The Georgina Basin is a polyphase intracratonic basin in 
the central-eastern NT and western Queensland that 
contains a thick succession of unmetamorphosed 
Neoproterozoic to Devonian sedimentary rocks that are 
prospective for petroleum at a number of stratigraphic 
levels. There have been no commercial discoveries in the 
basin to date, but the potential of the basin for both 
conventional and large-scale unconventional hydrocarbon 
accumulations has been clearly demonstrated. Three 
conventional petroleum systems with regional extent have 
been recognised in the southern Georgina Basin: the 
Thorntonia(!) Petroleum System includes source rocks of 
the Thorntonia Limestone, with the dominant reservoir-seal 
couplet being the Thorntonia Limestone/basal Arthur Creek 
Formation black shale ('hot shale'). The Arthur Creek(!) 
Petroleum System includes source rocks of the Arthur 
Creek Formation and intraformational reservoir–seal 
couplets within the middle and upper parts of this 
formation. The Hagen(!) Petroleum System includes source 
rocks of the Hagen Member and encompasses basal 
grainstones sealed by intraformational evaporites. This is 
volumetrically the least important of these three systems 
and is only significant in the western Georgina Basin. A 
total petroleum system (Arthur Creek Formation Total 
Petroleum System) has also been defined to include all 
unconventional shale gas and –oil petroleum resources 
within this formation. Three assessment units (AU) have 
been defined; these are the Upper Arthur Creek Formation 
Continuous Gas AU, Lower Arthur Creek Formation 
Continuous Gas AU, and Lower Arthur Creek Formation 
Continuous Oil AU.  

The thick sedimentary succession in the southern 
Georgina Basin contains organically rich source rocks, 

reservoirs with effective vertical seals at various 
stratigraphic levels, and a variety of potential stratigraphic 
and structural traps. The Neoproterozoic–early Cambrian 
succession is prospective for conventional petroleum, but 
has received little attention from explorers to date. Middle 
Cambrian rocks are the main target for both conventional 
and unconventional accumulations, and there is also some 
potential for economic conventional petroleum in the late 
Cambrian–Ordovician succession. Underexplored portions 
of the basin to the north have only relatively thin 
successions and effective source rocks have not been 
identified, but potential reservoir–seal couplets are present 
and some areas in the north might have received a 
petroleum charge from underlying Proterozoic source rocks 
of the McArthur and equivalent basins. 
 
Onshore Bonaparte Basin 
 
The Bonaparte Basin is a large, predominantly offshore, 
composite polyphase sedimentary basin, extending from 
onshore coastal areas along the NT–WA border northward 
into the Timor Sea across Australia's continental margin. It 
contains up to 15 km of Phanerozoic, marine and fluvial, 
siliciclastic and carbonate sedimentary rocks with the 
thickest sections being offshore. The basin is a well 
established oil and gas province, with proven resources and 
a number of currently producing fields in offshore areas. 
The onshore basin in the NT contains the Weaber gas field, 
and oil and gas shows have also been recorded from a 
number of other wells. At the Weaber field, gas is 
reservoired in sandstone, interpreted to be the Enga 
Sandstone of the Langfield Group within a faulted 
anticlinal trap. The Keep River-1 prospect was a gas 
discovery that flowed a small but significant amount of gas 
to surface on test. Gas shows were reported from multiple 
fine- to medium-grained sandstones interbedded with shale 
in the lower Milligans Formation and from fractures within 
the Late Devonian succession. 

Two conventional petroleum systems have been 
defined in onshore areas; in ascending stratigraphic 
order, these are the Ningbing-Bonaparte Petroleum 
System, and the Milligans-Kuriyippi/Milligans(!) 
Petroleum System. The Late Devonian Ningbing-
Bonaparte Petroleum System is probably responsible for 
significant oil shows in Ningbing-1 (WA) and in mineral 
drillholes along the southeastern margin of the basin, 
and for gas at the Garimala-1 prospect (WA). Possible 
source rocks include Late Devonian marine algal 
carbonate rocks of the Ningbing Group and/or basinal 
marine shale of the Bonaparte Formation. The 
Carboniferous–Permian Milligans-Kuriyippi/Milligans(!) 
Petroleum System includes the Carboniferous–Permian-
reservoired oils in the offshore Turtle and Barnett fields. 
In onshore areas, it is responsible for gas at the Weaber 
field and Keep River-1 prospect (NT), for gas and oil at 
the Waggon Creek prospect (WA) and for gas at the 
Bonaparte-1 and Ningbing prospects (WA). It is 
uncertain as to whether the effective source rock for this 
system is the Early Carboniferous Milligans Formation, 
or deep-water marine shale of the Late Devonian–Early 
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Carboniferous Langfield Group (Bonaparte Formation) 
and it will probably need to be redefined and remapped.  

In broad terms, the most significant conventional 
exploration plays so far identified within the Late Devonian 
to Carboniferous succession are (1) reefal and 
vuggy/fractured limestone of the Late Devonian Ningbing 
Group, sealed by intraformational shale or by marine shale 
at the base of the Langfield Group and sourced by 
intraformational marine shales within the Ningbing Group; 
(2) marine sandstone and limestone of the Langfield 
Group, sealed by intraformational shale or by the marine 
shale of the overlying Milligans Formation, and sourced by 
intraformational marine shale within the Langfield Group; 
and (3) marine sandstones in the Milligans Formation 
sealed by intraformational shale and sourced either 
intraformationally or by underlying marine shale within the 
Langfield Group. Unconventional petroleum potential is 
provided by gas-condensate and shale oil plays in the lower 
Milligans Formation, and by tight gas plays in sandstone 
and limestone reservoirs in the Langfield, Ningbing and 
Cockatoo groups. 
 
Warburton, Pedirka and Eromanga basins 
 
The Early Palaeozoic Warburton Basin, Late Palaeozoic 
Pedirka Basin and Mesozoic Eromanga Basin are three 
stacked basins in the southeastern corner of the NT 
(Simpson Desert area) that extend over areas of adjoining 
jurisdictions. The exposed Eromanga Basin overlies the 
Pedirka Basin, which is largely restricted to the 
subsurface. The Warburton Basin is entirely concealed 
beneath the Pedirka and Eromanga basins. The basins 
have many significant structural features in common, 
including their major depocentres, and the identified 
petroleum systems in these basins are interbasinal to some 
extent. No commercial petroleum has been discovered in 
these stacked basins in the NT, but there are good 
petroleum indications in drillholes. At least three 
unnamed petroleum systems are present in the Simpson 
Desert area; these incorporate source rocks of the Permian 
Purni and Triassic Peera Peera formations (Pedirka 
Basin), and the Early Jurassic Poolowanna Formation 
(Eromanga Basin), plus a number of possible reservoir 
configurations. Late Palaeozoic and Mesozoic rocks 
remain the primary exploration targets for conventional 
petroleum, but underlying Palaeozoic (Cambrian to 
Devonian) clastic and carbonate rocks provide significant 
secondary objectives. Unconventional petroleum potential 
is provided by extensive Permian and lesser Triassic coal 
measures and carbonaceous shale of the Pedirka Basin, 
which could be exploited via coal bed methane drainage 
and/or underground coal gasification. The Toolebuc 
Formation and overlying basal Allaru Mudstone of the 
Eromanga Basin are also prospective for unconventional 
hydrocarbons.  
 
Ngalia Basin 
 
The Ngalia Basin is an east–west-trending elongate 
structural basin containing a Neoproterozoic to 

Carboniferous sedimentary succession up to 5 km thick. It 
is interpreted to have been contiguous with the 
contemporary Amadeus Basin to the south for much of 
their histories. The basin is an asymmetrical synformal 
structure that preserves a much thicker succession adjacent 
to a strongly faulted northern margin. The southern margin 
is a gently north-dipping (basinward), basement–cover 
interface, disrupted by complex faulting. In general, the 
Ngalia Basin is regarded as a structural and depositional 
analog of the oil- and gas-bearing Amadeus Basin to the 
south, although the sedimentary succession is less complete 
and is more condensed. It is very underexplored for 
hydrocarbons and its potential for both conventional and 
unconventional petroleum is therefore largely speculative. 
Petroleum systems have not been clearly defined and only 
minor gas shows have been reported from the few 
drillholes that penetrate the succession. However, potential 
source rocks, reservoirs, and intraformational and regional 
seals are present at numerous levels within the succession, 
and a number of untested anticlines or structural highs that 
could reservoir conventional hydrocarbons have been 
identified within the basin. It is notable that the 
Mereenie/Palm Valley to Darwin gas pipeline crosses the 
eastern margin of the basin, and this would enable even 
small discoveries to be potentially viable.  
 
Wiso Basin 
 
The Wiso Basin is a large, intracratonic sedimentary basin 
located in the central northwestern NT. The vast majority 
of the basin is very shallow, containing less than 300 m of 
platformal middle Cambrian rocks. The main basin 
depocentre is the Lander Trough along the southern 
margin, where there is a much thicker succession of 
Cambrian, Ordovician and ?Devonian rocks, that is 
estimated to be up to 2000–3000 m thick and may reach a 
maximum of 4500 m. The Wiso Basin is virtually 
unexplored and no petroleum or deep stratigraphic wells 
have been drilled anywhere in the basin, including the most 
prospective area, the Lander Trough, although there are a 
number of shallow mineral exploration and BMR 
stratigraphic drillholes. Minor hydrocarbon shows have 
been noted in the Montejinni Limestone in two of the BMR 
drillholes. Seismic coverage is very limited, but a gravity 
survey at a grid spacing of 4 km was completed in 2013 
over the southern Wiso Basin, including the Lander 
Trough, and the remainder of the basin is covered by an 
earlier gravity survey at 11 km spacing. A modern grid of 
aeromagnetic data at a line spacing of 400 m or better is 
available over the entire basin. The most promising source 
rock intervals in the succession are the Montejinni 
Limestone and unit 3 of the Hanson River beds, although 
other intervals might also have source potential, and good 
source rocks might also be present in the subsurface within 
the Lander Trough. A number of Cambrian and Ordovician 
sandstone and carbonate intervals within the succession 
have good reservoir potential and either underlie effective 
sealing strata or contain intraformational seals. Fractured 
and vuggy carbonate rocks in the Montejinni Limestone, 
which is the main producing aquifer in the western Wiso 
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Basin, have particularly good potential, and some parts of 
the overlying Hooker Creek Formation have produced 
good groundwater flows and may therefore form effective 
reservoirs. About 80% of the Wiso Basin (central and 
northern parts) contains generally less than 500 m of 
section and is therefore not considered very prospective for 
conventional hydrocarbons. Long-distance migration from 
possible source rocks in thicker successions in the south, or 
from underlying Proterozoic rocks (Birrindudu Basin and 
equivalents) would be required to charge any existing 
structures in these areas. However, the Lander Trough is 
much more prospective, and adjacent shallower parts of the 
basin may also have received hydrocarbons migrating 
northwards from more deeply buried sources. There is also 
potential for unconventional basin-centred gas and oil plays 
over large areas of the basin, particularly in the Montejinni 
Limestone. 
 
Other basins 
 
Minor indications of petroleum have been reported from 
the Proterozoic Birrindudu, and South Nicholson basins,  

and Lawn Hill Platform, which contain strata of equivalent 
age to petroliferous successions of the McArthur Basin. 
Other Neoproterozoic to early Palaeozoic basins in the 
western NT (Fitzmaurice, Murraba, Victoria, Wolfe, 
Canning, Daly and Ord basins) contain potential reservoir–
seal couplets, but generally lack viable mature source 
facies. In all of these basins, conventional petroleum 
accumulations would be dependent on relatively long-
distance vertical and/or lateral migration from viable 
source rocks in underlying or adjacent basins. Onshore 
successions of the Arafura and Money Shoal basins in the 
northern NT are relatively thin and unstructured, and are 
relatively distant from offshore source kitchens, so would 
also be reliant on long-distance migration of hydrocarbons 
for a hydrocarbon charge. Onshore Cenozoic basins are 
generally too thin and immature for conventional 
petroleum, but some unconventional potential might be 
present in lignite-rich units (eg, in Hale Basin) that have 
reported oil shale characteristics. All of the above basins 
are essentially unexplored and should be regarded as 
relatively high-risk frontier basins, at present levels of 
understanding. 
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IntroductIon

The petroleum industry of the Northern Territory (NT) 
is experiencing a significant boom with high levels of 
expenditure in onshore greenfields and brownfields 
exploration, and is moving towards increasing production 
in both onshore and offshore areas. Onshore areas are 
considered to have good potential for both conventional and 
unconventional hydrocarbons, and petroleum tenements 
cover almost all of the NT, with major exploration programs 
underway in a number of the more prospective basins. 
Projected expenditure on exploration on granted tenements 
in the onshore NT exceeds $200 million for the next 
5 years and this figure is likely to grow as more tenements 
are granted (Department of Mines and Energy, Energy 
Directorate 2014). 

This report reviews the petroleum geology of all the 
NT’s more prospective onshore sedimentary basins. Brief 
summaries are also included of those basins with less well 
defined petroleum potential. It is intended as an up-to-date 
appraisal of available information, derived from industry, 
government and academic sources, and is not generally 
aimed at presenting new data or interpretations. Each basin 
is fully referenced, and summaries of the following topics, 
where applicable, are included:

•	 Stratigraphic successions, major structures and tectonic 
history. 

•	 History of petroleum exploration within the basin.
•	 Petrophysical and geochemical properties of source 

rocks, reservoirs and seals.
•	 Maturation and migration of hydrocarbons.
•	 Petroleum systems.
•	 Commercial fields and technical discoveries.
•	 Resource estimates.
•	 Prospectivity.

It is important to note that the availability and quality 
of petroleum geochemistry datasets varies enormously 
from basin to basin, and this generally reflects the amount 
of work completed and published. Some basins (eg 
Amadeus, Georgina) have relatively high-quality datasets 
compiled over decades, whereas datasets for other basins 
(eg McArthur, Bonaparte) have only limited information 
available, or were closed file at time of writing.

For information on the offshore petroleum geology of 
the NT, refer to Ellis et al (2004) and Ahmad and Munson 
(2013a), and references therein.

Geological framework of the northern territory

Figure 1 is a map of the geological regions of the NT 
and adjacent areas of neighbouring states, from Ahmad 
and Scrimgeour (2013). These regions outline the two-
dimensional surface extent of the geological provinces and 
basins of the NT. 

The North Australian Craton (NAC; Plumb 1979, Myers 
et al 1996, Cawood 2005, Cawood and Korsch 2008) is a 
major crustal element that underlies about 80% of the NT. It 
is characterised by late Palaeoproterozoic metasedimentary 
and igneous rocks (with ages most commonly in the range 

1870–1800 Ma) that overlie rarely exposed Neoarchaean 
basement. The NAC extends into Western Australia 
(WA), where it includes the Halls Creek and King Leopold 
orogens and Kimberley Basin, and into Queensland (Qld) 
where it includes the Mount Isa Province (Mount Isa Inlier) 
and Etheridge Province (Georgetown and Coen inliers). 
The NAC is bounded in the south and southwest by more 
juvenile Proterozoic terranes in the Musgrave, Warumpi and 
Paterson orogens, and to the east by the Tasman Orogen. In 
the north, it extends to the coastline and underlies at least 
part of the adjoining continental shelf (Cawood and Korsch 
2008).

The Palaeo- to Mesoproterozoic basins of the NT 
(Figure 1) include the McArthur, Birrindudu, South 
Nicholson and Fitzmaurice basins, the Tomkinson and 
Davenport provinces, and the Lawn Hill Platform. With 
the exception of the Fitzmaurice Basin and Davenport 
Province, these basins are relatively weakly deformed, 
but have localised areas of higher deformation in fault 
zones. Metamorphic grade is generally sub-greenschist 
facies. The McArthur, South Nicholson and Birrindudu 
basins, and Tomkinson Province are all interpreted to be 
part of a single, large unnamed superbasin that is linked at 
depth beneath Phanerozoic cover (Figure 2). These linked 
Palaeo- to Mesoproterozoic basins also have correlatives in 
the Mount Isa Province in Qld (Southgate et al 2000).

The Neoproterozoic–early Palaeozoic Centralian 
Superbasin unconformably overlies the Palaeo- to 
Mesoproterozoic terranes of the NT. Neoproterozoic 
sedimentary rocks of the Amadeus, Murraba, Ngalia, Wiso, 
Georgina, Officer, Wolfe, Yeneena, Louisa and Victoria 
basins are included within the Centralian A Superbasin 
(Walter et al 1995, Figure 1), whereas the Centralian B 
Superbasin (Munson et al 2013b) includes early Palaeozoic 
rocks of the Ord, Daly, Wiso, Georgina, Ngalia, Amadeus, 
Warburton and eastern Officer basins, and the Cambrian 
Carlton Sub-basin of the southern Bonaparte Basin. 
Highly metamorphosed rocks of the Irindina Province in 
central Australia are also part of this superbasin, as they 
include metamorphosed sedimentary protoliths of probable 
Cambrian age (Buick et al 2005, Maidment 2005) that are 
probably equivalent to Cambrian successions in adjacent 
basins. A series of compressional deformation events that 
included the late Proterozoic (580–530 Ma) Petermann 
and early–middle Palaeozoic (450–300 Ma) Alice Springs 
orogenies has resulted in the dismemberment of the 
Centralian Superbasin in central Australia into several 
structural basins separated by uplifted and exhumed 
basement. 

In the late early Cambrian, a widespread outpouring 
of sub-aerial basaltic lava covered a large area of northern 
Australia, central WA, northwestern South Australia (SA) 
and possibly areas of South-East Asia that have subsequently 
been rifted from Australia. This thick succession of volcanic 
rocks and associated minor sedimentary rocks is included 
within the Kalkarindji Province (Kalkarindji Large Igneous 
Province; Glass 2002, Glass and Phillips 2006).

Other significant Palaeozoic successions are included 
within the Bonaparte, Arafura and Pedirka basins. The 
mostly offshore Cambrian–Cenozoic Bonaparte Basin 
contains a thick onshore sedimentary succession in the 
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northwestern NT that ranges in age from Late Devonian to 
Permian. In the north of the NT, the Arafura Basin contains 
a thick, mostly offshore Neoproterozoic to Permian 
sedimentary succession, the older parts of which extend 
onshore to the east of Darwin. In the southwestern corner of 
the NT, Late Carboniferous–Triassic sedimentary rocks of 
the Pedirka basin are correlated with successions of similar 
age in the Cooper Basin in Qld and SA, the Arckaringa 
Basin in SA, and the Officer Basin in SA and WA. 

Large areas of the NT are covered by varying thicknesses 
of Mesozoic to Cenozoic sedimentary rocks. The Eromanga 
Basin includes a relatively thick Mesozoic succession in the 
southeastern NT, and Mesozoic strata are also found within 

the onshore Bonaparte, Money Shoal and Carpentaria 
basins. Onshore Cenozoic sedimentary rocks are mostly 
confined to basins of limited areal extent, except for the vast 
Lake Eyre Basin, a significant portion of which blankets 
the southeastern NT. Cenozoic deposits in central Australia 
reach depths of up to 250 m. Thicker Mesozoic–Cenozoic 
successions occur within the offshore Carpentaria, Money 
Shoal and Bonaparte basins.

Historical overview

The first recorded discovery of petroleum in Australia 
was made beside the estuary of the Victoria River in the 
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Figure 3. Petroleum exploration tenements in the onshore NT, as of March 2014.
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NT in 1839, when crew members of HMS Beagle found a 
bituminous substance that ‘ignited quickly when put into 
the flame of a candle’ at a depth of 7 m in two large wells 
sunk to obtain fresh water. Although minor indications of 
hydrocarbons were occasionally reported from water bores, 
over a hundred years passed before extensive exploration 
programs commenced in the NT in the 1950s. These included 
the acquisition of regional gravity and aeromagnetic surveys 
that outlined the principal sedimentary basins, which 
subsequently became the focus for continuing exploration, 
particularly in the Amadeus, Bonaparte, Pedirka/Eromanga 
and Georgina basins. 

During the 1960s, significant exploration campaigns 
were undertaken in a number of areas, including the 
Amadeus, Georgina, Pedirka/Eromanga, Bonaparte 
and, to a lesser extent, the Ngalia and Wiso basins. The 
first significant technical discovery in the NT was in the 
Amadeus Basin in 1963, when drillhole Ooraminna-1 
encountered a sub-commercial gas flow from what was 
later demonstrated to be the Pioneer Sandstone (Ambrose 
et al 2012b). This was followed up by the discovery 
in the same basin of the Mereenie oil and gas field in 
1963 and Palm Valley gas field in 1964, both of which 
are reservoired in Ordovician rocks. Low oil prices and 
land access issues hampered the development of these 
discoveries, and further exploration in the Amadeus and 
other NT basins was greatly reduced through the 1970s. 
Increased levels of exploration activity occurred in the 
1980s and early 1990s, resulting in the discovery of the 
Dingo gas field in the Amadeus Basin (1981), Weaber 
gas field in the Bonaparte Basin (1982) and several other 
technical discoveries. Extensive exploration programs 
were also conducted in the Georgina, McArthur, Pedirka/
Eromanga and Gnalia basins at this time. The Palm 
Valley and Mereenie fields were brought into production 
in 1983 and 1984, respectively, and these remain the only 
producing fields in the NT to date. 

The most recent phase of significant exploration activity 
commenced in the early 2000s, with a steep increase in 
activity since 2011. Almost all basins within the NT are 
currently covered by exploration tenements, either granted 
or under application (Figure 3), and since 2011, hundreds 
of millions of dollars have been expended on exploration, 
including some of the largest onshore seismic programs 
undertaken in Australia. Major exploration programs in the 
McArthur, Georgina, Amadeus and Bonaparte basins are 
targeting both conventional and unconventional petroleum, 
and have resulted in a number of potentially commercial 
discoveries, including the Surprise oil field in the Amadeus 
Basin (2011) and Glyde-1 gas prospect in the McArthur 
Basin (2012), as well as a number of other significant 
technical discoveries. Potentially very large unconventional 
petroleum accumulations, including shale oil and –gas, and 
basin centred gas, have been identified in all these basins, 
and there is potential for further unconventional discoveries 
in these and other basins. However, the commercial recovery 
of unconventional petroleum resources in the Territory has 
not yet been achieved. 

For more details on historical and current exploration 
activities in individual NT basins, refer below to the 
Exploration history sections for each basin.

Infrastructure

Figure 4 shows the major roads, railway line and pipelines 
of the NT. The NT is serviced by a network of major and 
minor roads, but access to many sparsely populated remote 
areas is limited. The Stuart Highway connects Darwin and all 
the central towns in the NT with SA, and also connects with 
the Barkly Highway to northern Qld and with the Victoria 
Highway to northern WA. The NT outback road network 
consists of sealed highways and unsealed secondary roads and 
bush tracks, that can be affected by flooding in the wet season. 
The north–south AustralAsia railway connects Darwin to 
Adelaide via Alice Springs through the central areas of the NT. 
This railway provides freight and passenger services between 
Darwin and Adelaide, with connections to the east and west 
coasts. Darwin has regular international and national shipping 
connections, and is a significant port in northern Australia. 
The East Arm port facility can accept vessels up to 80 000 t 
and comprises a bulk liquids berth, a common user facility, 
a container facility and a bulk loading berth. A separate 
LNG export terminal at the Darwin LNG plant is operated 
by ConocoPhillips, and another terminal to service Inpex’s 
Ichthys LNG plant at Blaydin Point in Darwin Harbour is 
under construction. A Marine Supply Base within the existing 
Darwin East Arm Port area that will be dedicated to supporting 
the offshore petroleum industry is also under construction. The 
NT’s international airport is in Darwin, servicing domestic 
and overseas carriers with flights connecting through South-
East Asian cities to the rest of the world. Alice Springs and 
Yulara (Uluru) airports are significant hubs, with direct flights 
to most Australian capital cities. All regional towns have 
airports, and remote communities rely heavily on air services. 

Pipelines

There are a number of existing oil and gas transmission 
pipelines located within the NT in onshore and offshore 
areas (Figure 4). The NT pipeline network is isolated 
from those of other Australian jurisdictions, although there 
are plans to eventually build connections with existing 
networks in the southern and eastern states. The more 
significant pipelines in the NT, excluding minor branch and 
other small pipelines, include the following:

•	 Palm Valley to Alice Springs gas pipeline. Length 
140 km; completed 1983. Supplies natural gas to the 
Alice Springs area.

•	 Mereenie oil pipeline. Length 269 km; completed 1985. 
Carries crude oil from the Mereenie oil and gas field to 
Brewer Estate south of Alice Springs, for transshipment 
by road to SA. Currently mothballed.

•	 Amadeus Basin to Darwin gas pipeline. Length 
1660 km; completed 1986. Supplies natural gas to 
Darwin, Katherine, Tennant Creek and other centres, 
either directly or through connecting pipelines. 

•	 McArthur River Mine gas pipeline. Length 330 km; 
completed 1995. Supplies natural gas from the Amadeus 
Basin to Darwin pipeline at Daly Waters to the McArthur 
River Mine.

•	 Bayu Undan gas pipeline. Length 501 km; completed 
2005. Sub-sea pipeline that carries natural gas from 
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the Bayu-Undan gas and condensate field in the Joint 
Petroleum Development Area of the Timor Sea to the 
Darwin LNG plant in Darwin Harbour.

•	 Bonaparte Pipeline. Length 286 km; completed 2008. 
Carries natural gas from Eni Gas Plant at Wadeye to the 
Amadeus Basin to Darwin Pipeline at Ban Ban Springs.

•	 Blacktip Gas Pipeline. Length 110 km; completed 2009. 
Sub-sea pipeline that carries natural gas and condensate 
from the Blacktip field in the Bonaparte Gulf to the Eni 
Gas Plant at Wadeye for processing.

•	 Ichthys Pipeline. Length 889 km; not yet constructed. 
A proposed subsea pipeline that will carry natural gas 
and condensate from Inpex’s Ichthys Field in the Browse 
Basin in WA to an LNG plant under construction at 
Blaydin Point.

Summary of onshore petroleum resources and 
production

Although the onshore NT is very prospective for both 
conventional and unconventional petroleum, exploration 
programs are at relatively early stages, or are still to 
commence in most basins. Petroleum resources and/
or reserves have been determined for only four basins 
(Amadeus, McArthur, Georgina and onshore Bonaparte), 
and the only production has been from the Mereenie 
and Palm Valley fields in the Amadeus Basin. This 
section tabulates the current estimates of discovered and 
undiscovered petroleum in the NT, from industry and 
academic sources.

Resources classification system

Petroleum resources are generally classified and reported 
according to Petroleum Resource Management System 
guidelines provided by the Society of Petroleum Engineers 
Oil and Gas Reserves Committee. These guidelines 
(SPE 2011) provide a basis for the classification and 
categorisation of all petroleum reserves and resources 
within a basin. Although the system encompasses the 
entire resource base, it is focused primarily on estimated 
recoverable sales quantities. Resources are classified 
according to the maturity or status of the exploration 
program (broadly corresponding to the chance of 
commerciality) using three main classes, with the option 
to subdivide further using subclasses. The three classes 
are Reserves, Contingent Resources and Prospective 
Resources (Figure 5). Reserves are quantities of 
petroleum accumulations that are anticipated to be 
commercially recoverable from developed or soon-to-be-
developed projects. Contingent Resources are quantities 
of petroleum anticipated to be commercially recoverable 
from known accumulations from projects that are not yet 
mature enough to be considered commercial. Prospective 
Resources are those petroleum resources that might be 
recovered from undiscovered accumulations in future 
projects. 

The range of uncertainty for each class of resource is 
categorised based on the principle of capturing at least three 
estimates (low, best, and high) of the potential outcome. If all 
the criteria for defining Reserves are satisfied, the low, best, 

and high estimates are designated as Proved (1P), Proved 
plus Probable (2P), and Proved plus Probable plus Possible 
(3P), respectively. The equivalent terms for Contingent 
Resources are 1C, 2C and 3C, and the terms ‘low estimate’, 
‘best estimate’ and ‘high estimate’ are used for Prospective 
Resources. The three estimates may be calculated using 
either a ‘deterministic’ or a ‘probabilistic’ method. Figure 6 
illustrates the relationship between the two methods. The 
deterministic method combines a single set of discrete 
parameter estimates (gross rock volume, average porosity 
etc) to input into an appropriate equation, to obtain a single, 
specific estimate of recoverable quantities, and is expressed 
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estimates of basin-scale undiscovered unconventional 
hydrocarbons contain a high level of uncertainty and do not 
represent proven recoverable resources. This uncertainty is 
illustrated in table 5, which is an alternative independent 
resource assessment for northern Australian shale gas plays, 
after Rawsthorn (2013). When compared to table 1, it is 
apparent that there is appreciable variation in the estimations 
of the shale gas resources present in the NT plays. This shows 
that published unconventional resource figures need to be 
interpreted cautiously, and that the criteria used to determine 
the figures need to be clearly specified in order to reduce 
uncertainty and enable meaningful comparisons to be made. 

Onshore oil and gas production

Figures 7 and 8 show the total amounts of oil and gas that 
have been produced from fields in the onshore NT since 
the commencement of production in 1983. All onshore oil 
production to date has been from the Santos -owned and 
-operated Mereenie field in the Amadeus Basin, west of 
Alice Springs. Production is set to increase during 2014 as 
Santos refocuses on the oil side of its operations after the 
current appraisal and development project (MADD project) 
is completed. Shipment of oil from Mereenie to SA continues 
to be by truck, but the viability of refurbishing the pipeline 
is being reassessed in light of the impending increases in 
production (Department of Mines and Energy, Energy 
Directorate 2014). NT’s onshore gas production comes from 
the Mereenie and Palm Valley fields in the Amadeus Basin. 

in the 1P, 2P, 3P terminology. The probabilistic method 
is more rigorous and uses a distribution curve for each 
parameter to develop a distribution curve for the answer. 
Assuming good data, a lot of qualifying information can be 
derived from the resulting statistical calculations, such as the 
minimum and maximum values, the mean (average value), 
the median (middle value), the mode (most likely value), 
the standard deviation and the percentiles. Probabilistic 
uncertainty is usually expressed as P90, P50 and P10, where 
P90 is the 90% probability that, if petroleum is found, the 
volume will be at least equal to this value, and so on.  

Petroleum resource figures for onshore NT basins

Exploration programs in most onshore basins in the NT are 
generally at relatively early stages, and have not reached the 
point where potentially commercial resources have been 
identified and quantified. However, petroleum resource 
estimates are available for the Amadeus, McArthur, 
Georgina and onshore Bonaparte basins. tables 1 and 2 
provide estimates of unconventional petroleum resources 
for these basins, whereas tables 3 and 4 provide estimates 
of the conventional resources. The resource figures in these 
tables have been derived from industry sources, as listed, 
and have been standardised to common units. Details are 
provided below in the chapters for each basin. Gas resource 
figures are presented as both petajoules (PJ) and billion 
standard cubic feet (Bscf), whereas oil/condensate resources 
are presented as billion barrels (Bbbl). Note that industry 
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Basin / prospect comment reference

McArthur Basin

Prospective resource

P90
PJ (Bscf)

P50
PJ (Bscf)

P10
PJ (Bscf)

Mean
PJ (Bscf)

Batten Trough:
(Barney Creek Fm)

4031*
(3800.8)

13755*
(12 970.5)

41 448*
(39 085.1)

19 672* 
(18 550.5)

Shale gas MBA (2012)

McArthur Basin (Beetaloo Sub-basin)

Potentially in place Potentially recoverable

P90
PJ (Bscf)

P50
PJ (Bscf)

P10
PJ (Bscf)

Low 
estimate
PJ (Bscf)

Best 
estimate
PJ (Bscf)

High 
estimate
PJ (Bscf)

lower Kyalla Fm 33 373*
(31 470)

55 419*
(52 260)

92 228*
(86 970)

23 150*
(21 830)

39 544*
(37 290)

67 668*
(63 810)

Shale gas RPS (2013)

middle Velkerri Fm 68 942*
(65 012)

110 521*
(104 220)

176 852*
(166 770)

47 816*
(45 090)

79 004*
(74 500)

130 203*
(122 780)

Shale gas RPS (2013)

Moroak Sst 1442*
(1 360)

8759*
(8260)

54 338*
(51 240)

1007*
(950)

6257*
(5900)

38 940*
(36 720)

Basin-centred gas RPS (2013)

Bessie Creek Sst 37 349*
(35 220)

66 077*
(62 310)

113 501*
(107 030)

26 066*
(24 580)

46 989*
(44 310)

83 225*
(78 480)

Basin-centred gas RPS (2013)

Amadeus Basin

Prospective resource

P90
PJ (Bscf)

Mean
PJ (Bscf)

P10
PJ (Bscf)

Stairway Sst 1 167 
(1 100)

5 408 
(5 100)

11 135 
(10 500)

Basin-centred gas DSWPET (2011)

Horn Valley Sltst 2 757 
(2 600)

11 983 
(11 300)

25 239 
(23 800)

Shale gas DSWPET (2011)

Pacoota Sst  2 545
(2 400)

10 392 
(9 800)

20 891 
(19 700)

Basin-centred gas DSWPET (2011)

total (Larapinta Gp) 11 771 
(11 100)

27 784 
(26 200)

48 463 
(45 700)

DSWPET (2011)

Pedirka Basin

Low 
estimate
PJ (Bscf)

Best 
estimate
PJ (Bscf)

High 
estimate
PJ (Bscf)

Purni Fm coal 11 100 000
(10 471 698)

12 500 000
(11 792 453)

13 880 000
(13 094 340)

UCG extraction 
method

Mulready 
Consulting 
Services (2009)

table 1. Estimated unconventional gas resources in the onshore NT, as of March 2014. Gas resource figures expressed as petajoules (PJ). 
Original figures standardised to billion standard cubic feet (Bscf) and included in brackets. 1 Includes Mereenie; Santos Ltd reserves are 
noted against the basin, not the field name. * Converted using Santos Ltd Conversion Calculator (http://www.santos.com/conversion-
calculator.aspx). Note that 1 Bscf is approximately equal to 1–1.2 PJ. Abbreviations: Dlst = Dolostone; UCG = underground coal 
gasification.

Gas produced at Mereenie currently consists exclusively of 
solution gas associated with oil production. At present, the 
gas is being reprocessed and reinjected into the main oil 
production reservoir to assist in maintaining pressure. Gas 
from Palm Valley, which was acquired by Central Petroleum 
Ltd in 2014 from the previous owner and operator, Magellan 
Petroleum Australia Ltd, was supplied to the NT Power and 
Water Corporation in Alice Springs for power generation 
until 16 January 2012, when the contract ended. However, 
limited production is being continued through working 
arrangements with Santos (Department of Mines and Energy, 
Energy Directorate 2014).

Definitions and units

A short glossary of some of the more significant terms and 
abbreviations used in this report is included as an Appendix. 
This glossary defines and provides brief explanations of 

a number of important concepts in petroleum geoscience, 
including RockEval Pyrolysis, petroleum systems, 
unconventional accumulations and so on. The list is not 
comprehensive, and is intended as a guide to how these terms 
are interpreted in this report. 

Units

Petroleum reserves, production and sales data are given in 
the International System (SI) of units, as well as traditional 
imperial units. Where conversions are not provided in the 
source document, they have been made using the Santos Ltd 
Conversion Calculator (http://www.santos.com/conversion-
calculator.aspx).

Oil reserves, production and sales are presented in the 
standard imperial units of barrels/million barrels (bbl/
mmbbl). The barrel is the traditional industry standard 
unit of measurement for all production and sales of oil. Gas 

http://www.santos.com/conversion-calculator.aspx
http://www.santos.com/conversion-calculator.aspx
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Basin / prospect Comment Reference

McArthur Basin

Prospective Resource

P90
(mmbbl)

P50
(mmbbl)

P10
(mmbbl)

Mean
(mmbbl)

Batten Trough:
(Barney Creek Fm) 260.6 1234.1 4434.9 1961.5 Condensate MBA (2012)

Potentially in place Potentially recoverable

P90
(mmstb)

P50
(mmstb)

P10
(mmstb)

Low
(mmstb)

Best
(mmstb)

High
(mmstb)

McArthur Basin (Beetaloo Sub-basin)

upper Kyalla Fm 49 663 70 985 100 700 1 290 2 654 5 526 Shale oil RPS (2013)

lower Kyalla Fm 121 327 159 658 209 528 3 023 5 971 12 011 Shale oil RPS (2013)

middle Velkerri Fm 168 927 337 982 673 176 4 942 12 720 32 503 Shale oil RPS (2013)

Totals 339 917 568 625 983 404 9 255 21 345 50 040 Shale oil 

Amadeus Basin

Prospective Resource

P90
(mmbbl)

Mean
(mmbbl)

P10
(mmbbl)

Horn Valley Sltst 207 1 140 2 500 DSWPET (2011)

Georgina Basin

Total Estimated Undiscovered OOIP Total Unrisked Prospective 
(Recoverable) Oil Resources

Low
(mmbbl)

Best
(mmbbl)

High
(mmbbl)

Low
(mmbbl)

Best
(mmbbl)

High
(mmbbl)

lower Arthur Creek Fm 
‘hot shale’ 191 990 268 840 360 810 13 730 26 420 38 890 Shale oil Ryder Scott (2010)

Table 2. Estimated unconventional shale oil / condensate resources in the onshore NT, as of March 2014. Oil and condensate figures 
standardised to million barrels (mmbbl), except for Beetaloo Sub-basin prospects, where original figures from RPS (2013) were given in 
mmstb. Abbreviations: Fm = Formation; OOIP = Original Oil In Place; Sltst = Siltstone.

reserves and production figures are presented in petajoules 
(PJ), but alternative imperial units in billion standard cubic 
feet (Bscf) are also provided, where a billion is defined as 
109. The energy content (high or low heating value) of a 
volume of natural gas varies with the composition of the gas, 
which means that there is no universal conversion factor for 
the number of Bscf to PJ. As a coarse approximation, 1 Bscf 
of sales gas = 1–1.2 PJ.
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Basin / prospect

McArthur Basin

P90
(mmbbl)

P50
(mmbbl)

P10
(mmbbl)

Mean
(mmbbl)

comment

Batten Trough:
(Reward / Coxco 
dolostones)

4.8 17.6 50 23.6 Condensate MBA (2012)

Amadeus Basin

Proved and Probable 
reserves

2P
(mmbbl)

Santos tenements 
1

8 Oil. Santos 
(2012)

2 Condensate

Estimated ooIP (mmbbl) contingent 
ooIP 
(mmbbl)

Estimated recoverable Volumes 
(mmbbl)

contingent 
recoverable 
Volumes 
(mmbbl)

1P 
(mmbbl)

2P 
(mmbbl)

3P 
(mmbbl)

2c 
(mmbbl)

1P 
(mmbbl)

2P 
(mmbbl)

3P (mmbbl) 2c (mmbbl)

Surprise 2.6 6.42 7.48 17.7 0.6 1.1 2.125 5.85 Oil Central 
Petroleum 
(2013)

Georgina Basin

unrisked undiscovered ooIP unrisked Prospective 
(recoverable) oil resources

Low
(mmbbl)

Best
(mmbbl)

High
(mmbbl)

Low
(mmbbl)

Best
(mmbbl)

High
(mmbbl)

Rounded to 
1 decimal 
place

Hagen Mbr 155.2 273.1 459.8 15.7 30.5 57.8 Oil Ryder Scott 
(2010)

Steamboat Sst 238.5 525.7 975.1 24.7 58.3 120.9 Oil Ryder Scott 
(2010)

Arthur Creek Fm 6.5 11.6 19.4 0.7 1.3 1.3 Oil Ryder Scott 
(2010)

Thorntonia Dlst 3 548.1 6 278.4 10 700.0 555.6 1 026.3 1 838.0 Oil Ryder Scott 
(2010)

totals 3 948.3 7 088.8 12 154.3 596.7 1 116.4 2 018.0 oil

Warburton, Pedirka, Eromanga basins

undiscovered uoIIP 

2P
(mmbbl)

Erec (Warburton) 1 400

Madigan 
(Pedirka, 
Eromanga)

4 200

Simpson East 
(Pedirka, 
Eromanga)

350

Guinevere 
(Pedirka) 60

total 6 010

table 3. Estimated conventionally reservoired oil and condensate resources in the onshore NT, as of March 2014. Oil and condensate 
figures t to million barrels (mmbbl). 1 Includes Mereenie; Santos Ltd reserves are noted against the basin, not the field name. Abbreviations: 
Fm = Formation; Lst = Limestone; Mbr = Member; OOIP = Original Oil In Place; Sltst = Siltstone.
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Basin / prospect

McArthur Basin

contingent resource Prospective resource

1c
PJ (Bscf)

2c
PJ (Bscf)

3c
PJ (Bscf)

Low
PJ (Bscf)

Best
PJ (Bscf)

High
PJ (Bscf)

Mean
PJ (Bscf)

reference

Batten Trough:
(Coxco Dlst) 1084 (890) 2745 (2254) 6952 (5798) 3496 (2870) Armour (2013b)

Glyde-1:
(Coxco Dlst) 2.9 (2.4) 7.4 (6.0) 12.5 (10.3) Armour (2013b)

Amadeus Basin

Proved and Probable reserves

2P
PJ (Bscf)

Santos tenements 1 123 (102.5)

Palm Valley 1P
PJ (Bscf)

2P
PJ (Bscf)

13 (12) 29 (26) Magellan (2014)

Dingo Probable undeveloped reserves 2

30.8 (29) Magellan (2013)

onshore Bonaparte Basin

1c
PJ (Bscf)

2c
PJ (Bscf)

3c
PJ (Bscf)

Mean
PJ (Bscf)

Weaber 0.265*
(0.25)

12.2*
(11.5)

48.57*
(45.8)

19.51*
(18.4)

Advent Energy 
(2013)

table 4. Estimated conventionally reservoired gas resources in the onshore NT, as of March 2014. Gas resource figures expressed as 
petajoules (PJ). Original figures standardised to billion standard cubic feet (Bscf) and included in brackets. 1 Includes Mereenie; Santos 
Ltd reserves are noted against the basin, not the field name. 2 Part of this figure to be converted to Proved Reserves in near future. * 
Converted using Santos Ltd Conversion Calculator (http://www.santos.com/conversion-calculator.aspx). Note that 1 Bscf is approximately 
equal to 1–1.2 PJ. Abbreviation: Dlst = Dolostone.

Basin / prospect Gas pod Area 
(km2)

Best Estimate  
recoverable resource

PJ* (Bscf)

BoE
volume
(Bbbl)

BoE/km2
recoverable 

resource 
(Bscf/km2)

McArthur Basin

Barney Creek Fm Wet 2 867 7 423 (7 000) 1.304 0.51 2.91

Dry 158 424.18 (400) 0.072 0.51 2.91

McArthur Basin (Beetaloo Sub-basin)

Kyalla Fm Dry 898 3 181 (3 000) 0.467 0.46 2.62

Velkerri Fm Dry 6 092 16 967 (16 000) 2.796 0.46 2.62

Amadeus Basin

Horn Valley Sltst Dry 7 267 16 967 (16 000) 2.777 0.38 2.19

Pedirka Basin

Purni Fm Dry 29 357 45 600 (43 000) 7.470 0.25 1.46

Eromanga Basin

Toolebuc Fm Dry 93 263 86 957 (82 000) 14.244 0.15 0.87

Georgina Basin

Arthur Creek Fm Dry 14 433 53 023 (50 000) 8.731 0.51 2.91

Bonaparte Basin

Milligans Fm Dry 2 752 6 363 (6 000) 1.090 0.28 1.60

table 5. Prospective Resource estimates of shale gas plays (slightly modified after Rawsthorn 2013). Resource figures for Bonaparte, 
Georgina, Pedirka and Eromanga basins are not NT-specific and include resources calculated for adjacent jurisdictions (WA, SA and 
Qld). * Converted using Santos Ltd Conversion Calculator (http://www.santos.com/conversion-calculator.aspx). Note that 1 Bscf is 
approximately equal to 1–1.2 PJ. Abbreviations: Bscf = billion standard cubic feet; BOE = barrels of oil equivalent ; Fm = Formation; PJ 
= petajoules; Sltst = Siltstone.



13

PALAEo- to MESoProtErozoIc BASInS

McArtHur BASIn

IntroductIon

The Palaeo- to Mesoproterozoic McArthur Basin is a 
regionally extensive, multiphase intracratonic basin in 
northern Australia that is exposed over an area of about 
180 000 km2, dominantly in the northeastern NT, but with 
a small portion in northwestern Qld. It unconformably 
overlies Palaeoproterozoic metamorphosed and deformed 
rocks of the Pine Creek Orogen (PCO) to the west, the 
Murphy Province to the south and the Arnhem Province to 
the northeast (Figure 9). The Murphy Inlier of the Murphy 
Province was probably a palaeogeographical high that 
separated the McArthur Basin from the South Nicholson 
Basin and Lawn Hill Platform to the south (Plumb 
and Wellman 1987, Wygralak et al 1988). Phanerozoic 
strata of the Georgina, Carpentaria and Arafura basins 
unconformably overlie the McArthur Basin succession, 
which is probably continuous, under Phanerozoic cover, 
with the Tomkinson Province succession of the Tennant 

Region. The succession is also correlated with and is 
probably continuous undercover with that of the Birrindudu 
Basin in the northwestern NT (Scott et al 2000, Ahmad 
and Scrimgeour 2013, Figure 2). A review of the geology 
and mineral resources, including previous studies, of the 
McArthur Basin is in Ahmad et al (2013).

The McArthur Basin is structurally subdivided into 
four geographical areas by three major fault zones. The 
east–west-trending Urapunga Fault Zone divides the basin, 
geographically and tectonically, into northern and southern 
portions, and the aligned, more-or-less north-trending Walker 
and Batten fault zones bisect the northern and southern 
McArthur portions, respectively. These three structural 
features were originally interpreted (eg Plumb 1979, Plumb 
and Wellman 1987, Plumb et al 1980, Pietsch et al 1991) to be 
deeply subsiding depositional ‘troughs’, with the remaining 
areas of the basin interpreted as relatively stable ‘shelves’. 
However, Rawlings et al (2004) presented the outcomes of a 
deep seismic reflection survey across the Batten Fault Zone 
that showed that the entire succession in the southern part 
of the McArthur Basin is essentially horizontal and about 
8–9 km thick (Figure 10). There was no evidence in the 
seismic data that Batten ‘Trough’ was a separate depocentre, 

McArthur Basin
and correlatives

fault
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post-McArthur 
Basin units

Lawn Hill Platform and
South Nicholson Basin

basement
units

Beetaloo Sub-basin
(sub-surface)

A08-329.ai
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Figure 9. Regional geological setting of McArthur Basin (slightly modified after Rawlings 1999). Position of deep seismic line in southern 
part of McArthur Basin (Figure 10) shown by solid red line. 
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and the sedimentary succession appears to continue in both 
directions away from the implied boundaries of the ‘trough’. 
Based on this interpretation, Ahmad et al (2013) abandoned 
all the traditional ‘shelf’ names and instead referred to 
these areas according to their geographic position within 
the basin; thus, the former Arnhem, Caledon, Wearyan and 
Bauhinia shelves equate to the northwestern, northeastern, 
southeastern and southwestern portions of the McArthur 
Basin, respectively. 

The McArthur Basin contains an unmetamorphosed and 
relatively undeformed succession of sedimentary and minor 
volcanic rocks with a preserved thickness of up to 15 km 
(Rawlings et al 2004). There have been two broad approaches 
to subdividing this succession (Figure 11). Using sequence 
stratigraphy and a regional approach, Jackson et al (1999, 2000) 

and Southgate et al (2000) subdivided the successions of the 
basin and of correlative terranes (Murphy Province, Mount 
Isa Province, Lawn Hill Platform, South Nicholson Basin) into 
four first-order sequences, in ascending stratigraphic order, 
the Leichhardt, Calvert, Isa and Roper superbasins, most 
of which were subdivided into formally defined and named 
second- and third-order sequences. An alternative scheme, 
which was focused solely on the McArthur Basin, subdivided 
the succession into five basin-wide, non-genetic units, 
originally referred to as ‘supersequences’ (Rawlings et al 
1997), but later renamed ‘packages’ (Rawlings 1999). These 
depositional packages are disconformity or unconformity 
bounded and each is characterised by similarities in age, 
stratigraphic position, lithofacies composition, style and 
composition of volcanism, and basin-fill geometry. Rawlings 
named them, in ascending stratigraphic order, the Redbank, 
Goyder, Glyde, Favenc and Wilton packages. Figure 12 
shows their spatial distribution across the McArthur Basin. 
Both the sequence stratigraphic and package approaches 
support the superbasin concept in the sense of Walter et al 
(1995), in that large-scale stratigraphic sequences/packages 
were once continuous or contiguous between the depocentres 
of basins that are now geographically separated. 

The McArthur Basin has long been recognised as 
having potential for petroleum (eg Muir et al 1980a) and 
both oil and gas are known to have flowed from petroleum 
wells and mineral exploration drillholes. Small oil shows 
are locally abundant and extensive bitumen/pyrobitumen 
has been reported from numerous intervals within the 
succession, from overlying Palaeozoic rocks, and even 
from breccia pipes that penetrate the succession in the 
Redbank area (Knutson et al 1979). The main caveat on 
exploration success has been the great age of the basin 
and the likelihood of significant petroleum accumulations 
being preserved since the Proterozoic. However, proven 
source rocks are present and large parts of the McArthur 
Basin are relatively undisturbed tectonically and have not 
been subjected to significant thermal regimes, and hence 
are regarded as being prospective. 

Previous studies of the petroleum geology of the McArthur 
Basin have been focused on the southern portion of the basin 
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Figure 10. Interpreted seismic data for McArthur Basin deep seismic line 02GA-BT1 (after Rawlings et al 2004: figure 9). Position of line 
shown in Figure 9. 
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and in particular, on the Batten Fault Zone and Beetaloo Sub-
basin. The Palaeoproterozoic McArthur and Mesoproterozoic 
Roper groups are recognised as having the most petroleum 
potential, and exploration efforts have been focused on 
both the conventional and unconventional potential of these 
successions. The basal Tawallah Group and the successions 
in the northern part of the basin have attracted comparatively 
little attention from petroleum explorers to date, and their 
petroleum potential remains generally unassessed. Key 
publications on the petroleum geology of the McArthur Basin 
include Muir et al (1980a), Amoco (1981), Dorrins and Womer 
(1983), Powell et al (1987), Crick et al (1988), Summons et al 
(1988), Jackson et al (1988), Lanigan et al (1994), Warren 
et al (1998), Dutkiewicz  et al (2004, 2007), Ambrose and 
Silverman (2006), Silverman et al (2007), Law et al (2010), 
Silverman and Ahlbrandt (2011), MBA (2012), RPS (2013), as 
well as numerous other open file company reports. 

Summary of StratIgraphIc SucceSSIon

The McArthur Basin contains a thick, mixed carbonate-
siliciclastic succession, with minor mafic and felsic volcanic 
rocks near the base. Depositional environments ranged 
from fluvial and lacustrine to shallow marginal marine. The 

succession is currently divided into a number of groups on the 
basis of apparently major regional discontinuities, and on the 
geographic distribution of rock units (Jackson et al 1987, Pietsch 
et al 1991, Rawlings et al 1997, Rawlings 1999). Figure 13 shows 
the distribution and correlation of the numerous stratigraphic 
units across the McArthur Basin, and the broad grouping of 
these units into the five basin-wide packages of Rawlings 
(1999). In the southern part of the McArthur Basin, south of 
the Urapunga Fault Zone, the succession has been subdivided, 
in ascending stratigraphic order, into the Tawallah, McArthur, 
Nathan and Roper groups. In the northern portion of the 
McArthur Basin, the succession comprises, in ascending order, 
the Groote Eylandt, Katherine River, Donydji, Parsons Range, 
Habgood, Balma, Mount Rigg, Nathan and Roper groups. The 
entire basin succession is described in full in Ahmad et al 
(2013) and is briefly summarised below. Stratigraphic intervals 
that are more prospective for petroleum (McArthur and Roper 
groups) are summarised in greater detail and are more fully 
described in the following sections.

redbank Package

The Palaeoproterozoic Redbank Package (Rawlings 1999, 
2007) represents the basal succession of the McArthur 
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Figure 13. Lithostratigraphic correlations of various rock units of McArthur Basin (after Rawlings 1999).
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Basin, and includes the Donydji, lower Spencer Creek 
and Groote Eylandt groups in the northeast, the Katherine 
River Group in the northwest, and the Tawallah Group 
in the southeast. It is characterised by shallow-marine to 
fluvial sandstone, and lesser volcanic rocks and shale, and 
is up to 6 km thick. Together with the overlying Goyder 
Package, the Redbank Package is equivalent to the Calvert 
Superbasin succession of Southgate et al (2000) and 
Jackson et al (2000). The oldest Groote Eylandt Group is 
broadly correlated with the basal sandstone successions 
(Tomkinson Creek and Hatches Creek groups) of the 
Tomkinson and Davenport provinces (Tennant Region), 
respectively. Slightly younger groups are correlated with 
the Tolmer and Birrindudu groups of the Birrindudu Basin 
in the western NT (Ahmad and Scrimgeour 2013). 

The oldest (1815 Ma) Bustard Subgroup of the Groote 
Eylandt Group, in the southern and central parts of the 
northeastern portion of the McArthur Basin (Pietsch 
et al 1997), is likely to be older than the rest of the 
Redbank Package, and includes possible correlatives 
of the Edith River and El Sherana groups of the Pine 
Creek Orogen (see Ahmad and Hollis 2013). The lower 
two-thirds of the Redbank Package is represented 
by a marginally younger, 2–4 km-thick, monotonous 
succession of fluvial to intertidal sandstone, with an 
intervening, regionally extensive, flood basalt unit 
and an upper shallow-marine shale-carbonate unit. 
Its components include the lower to middle Katherine 
River and Tawallah groups, and the Alyangula Subgroup 
of the Groote Eylandt Group. It is apparently absent 
on the southern and central parts of the northeastern 
portion of the McArthur Basin. The topmost succession 
represents an assemblage of sandstone, basalt, rhyolite, 
conglomerate, dolostone and shale. It includes the upper 
Katherine River and Tawallah groups, the 2 km-thick 
sandstone-shale-bimodal volcanic Ritarango Formation 
and Fagan Volcanics (Donydji Group), and igneous units 
of the Spencer Creek Group. Comagmatic subvolcanic 
plutons (eg Latram Granite) and numerous thin dykes of 

microgranite are associated with the volcanics in several 
parts of the basin (Rawlings et al 1997). The Donydji, 
Spencer Creek, Katherine River and Tawallah groups all 
have well defined minimum ages of 1710 Ma but poorly 
constrained maximum ages. 

The petroleum prospectivity of the Redbank Package 
is regarded as being less than that of overlying successions 
(eg McArthur and Roper groups), but it should be noted 
that these successions are very underexplored. There is 
recognised source potential in some units (eg McDermott 
and Wollogorang formations of Tawallah Group; Jackson 
et al 1987, Armour 2013c, Figure 14), and coarse clastic 
units with reservoir potential occur at a number of levels.

Goyder Package

A regional unconformity separates the Palaeoproterozoic 
Redbank and Glyde packages throughout the McArthur 
Basin, except in the southern part of the Walker Fault Zone, 
where the succession between the Donydji Group and 
Balma Group is continuous and conformable. This interval 
is designated the Goyder Package and is represented 
by the Parsons Range Group (Rawlings 1999). Possible 
equivalents of this group in the northeastern portion of the 
basin include the Rorruwuy Sandstone and Coast Range 
Sandstone, and in the southeastern portion of the basin, 
the Burash Sandstone and top of the Echo Sandstone. 
The Parsons Range Group comprises a 5–6 km-thick 
succession of mainly quartz sandstone and siltstone, and 
is divided into four formations (Plumb and Roberts 1965, 
1992, Dunnet 1965). It was deposited in a range of mostly 
shallow-marine, shoreline and lesser fluvial environments. 
The maximum age of the group is well constrained by the 
age of the uppermost part of the Donydji Group (Fagan 
Volcanics), at 1710 Ma (Pietsch et al 1994). The minimum 
age is poorly constrained, but must be greater than the 
1621 Ma Yarrawirrie Formation in the overlying Balma 
Group, and by the 1640 Ma Barney Creek Formation in the 
southern part of the McArthur Basin (Pietsch et al 1994).
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Glyde Package

The Palaeoproterozoic Glyde Package is confined to the 
Batten and Walker fault zones and to nearby areas. Together 
with the Favenc Package, the Glyde Package is equivalent to 
the Isa Superbasin succession of Southgate et al (2000) and 
Jackson et al (2000). It comprises a succession of evaporitic 
carbonate rocks, mudstone and sandstone, up to 5 km 
thick, deposited in shallow- to moderately deep marine and 
locally emergent environments. Previous interpretations of 
deposition in a rift setting (eg Plumb et al 1990) have not 
been supported by a subsequent interpretation of seismic 
data (Rawlings et al 2004; see tectonic development 
of McArthur Basin). The Glyde Package includes the 
Balma and Habgood groups in the northern portion of the 
McArthur Basin, and the McArthur and Vizard groups in the 
southern portion of the basin. Evidence of syndepositional 

fault movement is common and may be responsible for 
the generation of local and regional hiatuses within the 
succession. Possible stratigraphic equivalents of the package 
in the northeastern part of the McArthur Basin are the Jalma 
Formation, Mount Bonner Sandstone and Durabudboi beds. 
In the Urapunga Fault Zone, the Vizard Group is a possible 
equivalent of the upper McArthur Group. Tuffaceous rocks 
are commonly present within the middle and upper parts 
of the Glyde Package and have yielded U-Pb SHRIMP 
zircon ages in the range 1640–1600 Ma (Haines et al 1999, 
Rawlings et al 1997, Rawlings 1999). The maximum age of 
the package is constrained only by the 1710 Ma minimum 
age of volcanic rocks at the top of the underlying Redbank 
Package (Rawlings 1999). Glyde Package strata are broadly 
correlated with the Namerinni Group of the Tomkinson 
Province (Tennant Region) and with the Limbunya Group 
of the Birrindudu Basin (Ahmad and Scrimgeour 2013).

The Palaeoproterozoic (Statherian) McArthur Group has 
elevated potential for both conventional and unconventional 
petroleum. This group comprises a succession, up to 
5 km-thick, of platformal stromatolitic and evaporitic 
dolostone and clastic sedimentary rocks with local pyritic 
carbonaceous siltstone units (Winefield 1999), which was 
deposited mainly in restricted intracontinental lacustrine 
to marine settings, variably affected by tidal and supratidal 
processes. It is subdivided into two approximately equal 
parts separated by a local unconformity, the Umbolooga 
and overlying Batten subgroups. The group unconformably 
overlies the Tawallah Group and is unconformably (less 
commonly paraconformably) overlain throughout the basin 
by the Nathan Group. It is weakly to strongly deformed, and 
exposures are confined to the Batten Fault Zone, although 
seismic data indicates that it continues at depth beyond 
the inferred extents of this structural corridor (Rawlings 
et al 2004). The upper part of the Umbolooga Subgroup 
contains units with particularly good petroleum potential 
that were deposited during a period of tectonically induced 
basin subsidence (Barney Creek Depositional Cycle of 
Winefield 1999). This interval comprises the partly laterally 
equivalent Teena Dolostone, Barney Creek Formation and 
Reward Dolostone, and is characterised by rapid lateral 
lithofacies variation and the development of numerous small 
sub-basins adjacent to reactivated north – south-trending 
faults (eg Emu Fault Zone). The thickest shale-dominated 
facies were deposited and preserved adjacent to growth 
faults; these successions grade laterally into condensed 
sections that developed adjacent to north-northeast-  to 
northeast-trending fault segments. The Barney Creek 
Formation is an excellent source rock within this interval 
and also has some potential as a conventional reservoir 
rock and for unconventional petroleum (Figure 15). The 
Teena Dolostone also has some potential to reservoir 
hydrocarbons. In the overlying Batten Subgroup, the Lynott 
and Yalco formations are good potential source rocks, and 
potential reservoirs occur within the Stretton Sandstone 
and the Yalco, Looking Glass and Amos formations.

Favenc Package

Sediments of the Favenc Package unconformably 
overlie Glyde Package successions and are in turn 

Figure 15. McArthur Group stratigraphic column (modified after 
Rawlings 1999), showing source and reservoir intervals, and 
petroleum shows.
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unconformably overlain by Wilton Package strata. 
The package includes the widespread Nathan Group, 
deposited over large areas of the McArthur Basin, 
and the Mount Rigg Group in the northeast. The 
widespread distribution of the Nathan Group appears 
to be largely unrelated to the pre-existing tectonic 
framework (Rawlings et al 2004). Together with the 
Glyde Package, the Favenc Package is equivalent to the 
Isa Superbasin succession of Southgate et al (2000) and 
Jackson et al (2000). It comprises a regionally extensive 
50–1600 m-thick succession of stromatolitic dolostone 
and sandstone, deposited in a shallow-water, marginal-
marine, peritidal-shelf and/or continental sabkha 
environment (Jackson et al 1987, Rawlings 1999). Mafic 
volcanic rocks are also known in the Urapunga area 
(Abbott et al 2001). The age of the Favenc Package is 
constrained by SHRIMP zircon dating of the lower and 
upper Balbirini Dolostone, from the type section within 
the Batten Fault Zone, at 1613 ± 4 Ma and 1589 ± 3 Ma, 
respectively (Page et al 2000). The significant difference 
between these dates suggests a major break in the Nathan 
Group at this stratigraphic level. Rawlings (1999) 
indicated that the lower part of the Balbirini Dolostone 
may be actually part of the McArthur Group and that 
a major unconformity might occur within the Nathan 
Group. Further work is needed to clarify this situation.

The Nathan Group has no recognised petroleum 
source rocks, but does have some reservoir potential 
(eg Balbirini Dolostone; Jackson  et al 1988). The group 
consists of a basal fluvial chert-clast sandstone overlain 
by 50–1600 m of shallow-water stromatolitic and ooidal 
dolostone, and minor siliciclastic sandstone. Dolomitic 
rocks are similar to those of the McArthur Group. 
Thickness variations are largely due to extensive post-
depositional erosion (Pietsch et al 1991). A thin basaltic 
volcanic unit, the Yalwarra Volcanics, is recognised only 
in the Urapunga Fault Zone (Abbott et al 2001). The 
Nathan Group overlies the McArthur Group and all older 
units, with regional disconformity or unconformity, 
except in the area of the Balbirini Dolostone type section, 
where a paraconformable boundary is evident (Haines 
et al 1999). 

Wilton Package

The Wilton Package is the youngest component of the 
McArthur Basin and is equivalent to the Roper Superbasin 
succession of Jackson et al (1999). The package incorporates 
the widespread Roper Group, which was deposited over large 
areas of the McArthur Basin. Like the Favenc Package, the 
distribution and depocentres of the package are significantly 
different to the underlying units of the McArthur Basin 
and appear to be largely unrelated to the former tectonic 
framework (Rawlings et al 1997). The Wilton Package rests 
unconformably on the Nathan Group (ca 1590 Ma; Jackson 
et al 2000) and on various older units, and is unconformably 
overlain by Neoproterozoic to Mesozoic cover successions 
(Kruse et al 1994). Deformation is typically manifested as 
broad dome and basin structures, but intense deformation 
is recognised along the Batten Fault Zone. Wilton Package 
strata are broadly correlated with the South Nicholson 
Group of the South Nicholson Basin, with the Renner Group 
of the Tomkinson Province (Tennant Region), and possibly 
with the Tijunna Group of the Birrindudu Basin, at least in 
part (Ahmad and Scrimgeour 2013, Figure 2).

The Roper Group comprises a cyclic succession of 
mudstone alternating with sandstone, deposited in a 
variety of shallow-marine, nearshore to shelf environments 
(Powell et al 1987, Jackson et al 1988, Abbott and Sweet 
2000, Abbott et al 2001, Figure 16). Minor lithologies 
include pedogenic sedimentary breccia, fluvial sandstone, 
micritic and intraclastic limestone, and ooidal ironstone. 
The group has been broadly divided into two subgroups, 
the lower, relatively sandstone-rich Collara Subgroup 
(Abbott et al 2001) and the upper Maiwok Subgroup (Dunn 
1963a), which has a higher mudstone component. Sequence 
stratigraphical observations have been used to identify 
six large-scale upward-coarsening (progradational) cycles 
through the succession (Jackson et al 1988, Abbott and 
Sweet 2000). A notable feature of the group is that it is 
cut by an abundance of mafic sills and dykes that were 
emplaced during a post-depositional regional extensional 
event. The rocks of the Roper Group are essentially flat-
lying, and preserved thicknesses range from 1500 m over 
most areas to greater than 3 km in the Beetaloo Sub-basin 

Figure 16. Stratigraphic column showing Roper Group and overlying Neoproterozoic to Cambrian units (modified after Rawlings 1999), 
showing source and reservoir intervals, and petroleum shows. 
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(Abbott et al 2001, Rawlings et al 2004, Silverman et al 
2007). Individual formations show remarkable lateral 
continuity and can be traced over most of the McArthur 
Basin. Plumb and Wellman (1987) suggested that the 
Roper Group was deposited during a sag phase of basin 
development with the main depocentre in the Beetaloo Sub-
basin. However, Jackson et al (1987) considered that the 
Roper Group represents an epicontinental basin succession, 
distinct from the McArthur Basin, and it was included in 
the Roper Superbasin by Jackson et al (1999), along with 
the South Nicholson Basin succession to the south. The age 
of the Roper Group is constrained by a Rb-Sr determination 
of 1429 ± 31 Ma for diagenetic illite in the former ‘McMinn 
Formation’ (Kralik 1982) and a SHRIMP U-Pb zircon 
date of 1492 ± 4 Ma for a tuffaceous bed within the lower 
Mainoru Formation (Jackson et al 1999). A minimum age 
of 1324 ± 4 Ma comes from SHRIMP dating of baddeleyite 
from the Derim Derim Dolerite (Abbott et al 2001). The 
unconformity at the base of the Roper Group is considered 
to be related to the Isan Orogeny (1580 – 1560 Ma) of 
northwestern Qld, and Jackson et al (1999) estimated a 
break in deposition of 80 – 90 My.

The Roper Group, as formally defined, is unconformably 
overlain in the Beetaloo Sub-basin by the informally named 
Jamison sandstone and Hayfield mudstone, which may be 
as young as Neoproterozoic (Lanigan et al 1994), in which 
case they would not form part of the McArthur Basin (sensu 
stricto). These are in turn unconformably overlain by the 
widespread ?Neoproterozoic Bukalara Sandstone, which is 
currently assigned to the basal Georgina Basin succession.

The Roper Group and ?Neoproterozoic units 
immediately overlying this group are very prospective for 
both conventional and unconventional petroleum and have 
attracted considerable exploration interest. The Velkerri 
and Kyalla formations both have good source potential, 
and at least seven good potential reservoir units have been 
identified in the Beetaloo Sub-basin area (Falcon 2009). 
These all occur within the succession from the Bessie Creek 
Sandstone to the Bukalara Sandstone (Figure 16) and 
include the Bessie Creek, Moroak, Jamison and Bukalara 
sandstones. Thin sandstone intervals within the Velkerri 
Formation, Kyalla Formation and Hayfield mudstone also 
have some reservoir potential where cumulative thicknesses 
are significant. A ca 1320 Ma dolerite sill, which separates 
the Bessie Creek Sandstone and the Velkerri Formation in 
some drillholes, locally contains abundant inclusions of 
migrated oil (Dutkiewicz et al 2004) and may be another 
possible reservoir. Intervals with significant potential for 
unconventional hydrocarbon reservoirs (Falcon 2009) 
include the Bessie Creek and Moroak sandstones (basin-
centred gas), and the Velkerri and Kyalla formations (shale 
gas and oil).

Structure and tectonIc hIStory

The McArthur Basin is intracratonic and contains 
an unmetamorphosed, relatively undeformed 
Palaeoproterozoic to Mesoproterozoic succession. The 
most significant structures are the Urapunga, Walker and 
Batten fault zones. These major structural corridors are 
characterised by an increase in deformation, faulting and 

steepness of dips, when compared to adjacent relatively 
undeformed areas of the basin. The major faults in these 
zones show a history of reactivation, and many previous 
studies (eg Plumb et al 1980, Etheridge et al 1987, Rogers 
1996) have suggested that they were inherited from the 
underlying basement. The fault zones have been described 
in field studies, but only the Batten Fault Zone has been 
imaged seismically (Rawlings et al 2004), so as to give a 
relatively clear indication of its structure at depth. The basin 
contains a number of significant depocentres of significance 
to petroleum exploration; these include the regionally 
extensive Beetaloo Sub-basin and smaller strike-slip fault-
related sub-basins in the Batten Fault Zone.

Urapunga, Walker and Batten fault zones

The Urapunga Fault Zone is characterised by a sinistral 
strike-slip sense of movement parallel to the fault zone 
and by oblique, northwest-trending thrusts of moderate 
displacement that connect westward with east-trending 
sinistral faults (Plumb and Derrick 1975, Abbott et al 2001). 
Basement is locally exposed in the fault zone, which was 
interpreted by Abbott et al (2001) as the site of a linear 
basement high, the ‘Urapunga Tectonic Ridge’, which 
separated the northern and southern portions of the basin. 
This fault zone was active during Tawallah Group and 
McArthur Group time, but there is no compelling evidence 
that it was still active during the time of Roper Group 
deposition (Abbott et al 2001). 

The Walker and Batten fault zones are both large-
scale structural features, 50–80 km wide and more than 
150 km long. The southern part of the Walker Fault Zone 
is characterised by north-trending dextral strike-slip 
faults, northwest-trending poorly exposed faults, which 
are inferred to be thrusts, and a broad, shallow, arcuate 
synclinorium (Numbulwar Syncline) in the Roper Group. 
The dextral strike-slip displacements are interpreted to have 
resulted from late-stage reactivation after deposition of the 
Roper Group (Abbott et al 2001). Major north-trending 
faults are all continuous with faults in the northern part 
of the Walker Fault Zone, where many have been shown 
to be long-lived structures that were reactivated, mostly 
as sinistral, but locally as thrust faults, during pre-Roper 
Group deformation (Plumb 1999). 

The Batten Fault Zone is dominated by a series of west-
dipping faults, comprising a large-scale thrust belt that is 
bounded to the east by a major, near-vertical strike-slip 
structure (Emu Fault Zone). A number of small fault- and 
unconformity-bounded inliers of basement rocks, collectively 
known as the Scrutton Inlier, are exposed within the northern 
part of the Batten Fault Zone. The thrust belt was interpreted 
by Rawlings et al (2004) to have propagated eastward in post-
Roper Group times to form a forward-breaking, imbricated 
duplex set. Displacement on the thrusts tends to be greatest in 
the west and diminishes to the east; the frontal thrust of the 
system occurs about 6 km west of the Emu Fault Zone and has 
only minor displacement. Deformation and fault geometries 
are consistent with an east- to northeast-striking compressional 
axis. Seismic images of the Emu Fault Zone show that it has 
a steep and complex strike-slip geometry. Two episodes of 
fault activity were postulated by Rawlings et al (2004). The 
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first involved sinistral movement in middle McArthur Group 
times and resulted in sedimentary growth within negative 
flower structures (sub-basins) on transtensional releasing 
bends along the fault zone. Later dextral movement during 
a period of post-Roper Group deformation resulted in the 
inversion of the sub-basins, when earlier transtensional zones 
became transpressional restraining bends, and were inverted, 
so as to form positive flower structures. 

Beetaloo Sub-basin

The Beetaloo Sub-basin is a significant subsurface 
depocentre within the McArthur Basin that has attracted 
considerable petroleum exploration activity. It is the largest 
of a number of erosional or structural ‘sub-basins’ recognised 
within the McArthur Basin at the level of the Roper Group 
(see Abbott et al 2001). The sub-basin has been defined by 
seismic profiles, drilling and magnetotelluric data (Plumb 
and Wellman 1987, Lanigan et al 1994, Silverman et al 
2007), and coincides with a pronounced gravity low. It is 
centred about 300 km southeast of Katherine and extends 
over an area of greater than 15 000 km2 (Figures 9, 17). The 

main depocentre of the sub-basin, where most petroleum 
exploration has occurred to date, is largely flat-lying and 
has uplifted erosional margins. It is bounded to the north 
by the Walton High, to the northeast by the Arnold Arch, 
to the west by the Daly Waters Arch, and to the south 
by the Helen Springs High (RPS 2013). Less prominent 
depocentres containing probable Roper Group rocks occur 
to the northwest of the Daly Waters Arch and to the east of 
the Arnold Arch. 

The sub-basin contains three sandstone to mudstone 
successions, the lower two of which are assigned to the 
Mesoproterozoic Roper Group. These are unconformably 
overlain by the informally named Jamison sandstone and 
Hayfield mudstone, which may be as young as Neoproterozoic 
(Lanigan et al 1994), in which case they would not form 
part of the McArthur Basin (sensu stricto). However, for 
the purpose of this publication, these units are described as 
part of the Beetaloo Sub-basin succession. The sub-basin 
is successively overlain by volcanic rocks of the late early 
Cambrian Kalkarindji Large Igneous Province (Kalkarindji 
Province), and by Neoproterozoic–Palaeozoic Georgina 
Basin and Mesozoic Carpentaria Basin strata (Figure 18). 

Figure 17. SEEBASETM depth-to-
basement image (after Pryor and 
Loutit 2005), showing interpreted 
basement highs (yellow–brown tones) 
and depocentres (blue–green tones) 
for McArthur Basin and surrounding 
regions.
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Tectonic development of McArthur Basin

Early models for the origin and tectonic development of 
the McArthur Basin all invoked mechanisms that involved 
some form of ensialic orogenesis (eg Etheridge et al 1987), 
in which the evolution of the basin was related to intraplate 
extensional tectonics rather than plate boundary tectonics. 
These extensional models were popular in the 1980s and 
1990s, and are reviewed in Rawlings et al (2004), from 
which much of the following brief summary is derived. In 
all the extensional models, certain fault orientations acted 
as normal or ‘growth’ structures, whereas others acted as 
accommodation or transfer structures during the various 
stages of basin formation. The models differ mainly in 
the interpreted orientation of episodes of extension and 
contraction, and all are simplistic in that they assume an 
ideal orthogonal extending system. At least three episodes 
of contractional reactivation of earlier ‘extensional fault 
systems’ occurred during and after basin development 
(Plumb 1994, Rogers 1996), and these events appear to be 
better constrained than the earlier extensional events, due to 
better preservation of measurable structures.

Plumb (1979, 1987), Plumb and Wellman (1987), Plumb 
et al (1980, 1990) and Plumb (in Rawlings et al 1997) 
interpreted the development of the basin in terms of a 
framework of troughs, shelves and fault zones (see above). 
In this model, basin evolution was essentially related to 
(present-day) east–west crustal extension over a period of 
200 million years that resulted in intermittent strike-slip 
faulting, block rotation and synsedimentary faulting that was 
focused in the north–south-oriented fault zones (eg Batten 
and Walker fault zones). Deposition of the Tawallah Group 
and equivalents (‘Redbank package’ of Rawlings 1999) was 
interpreted to be controlled by segmented north-striking 
extensional faults, such as the Emu Fault Zone. These fault 
segments subsequently became the structural template for 
the Batten and Walker fault zones, which were primary 
depositional sites (‘rifts’) for the McArthur and Nathan 
groups (‘Walker’ and ‘Batten troughs’; Plumb et al 1980). 

Davidson and Dashlooty (1993) and Plumb (1994) 
reported local evidence for oblique, approximately 
northwest- to north-directed extension, in contrast to 
earlier views of orthogonal east–west extension, that may 
have resulted in dextral reactivation of north-northwest- 
to north-northeast-trending faults and significant sinistral 
movement along northwest-trending faults, so as to produce 
pull-apart basins on the scale of 50–100 km. According 
to this model, dextral displacements along the Emu Fault 
Zone led to depositional ‘growth’ and large variations in 
stratigraphic thickness. Some units (eg Barney Creek 
Formation) were interpreted to thicken into the Emu Fault 
Zone and thin gradually to the west, giving rise to the view 
that the ‘Batten’ and ‘Walker troughs’ were asymmetric 
half-grabens (Plumb and Wellman 1987).

The model of Etheridge and Wall (1994) involved north–
south rather than east–west extension that initially resulted 
in the formation of large-scale structural elements in the 
North Australian Craton (NAC) during the 1810–1740 Ma 
‘Leichhardt Event’. This event created a linked array 
of basins, accommodated and compartmentalised by 
northwest-trending normal faults and northeast-trending 

transfer faults, and was terminated by a period of thermal 
subsidence. In this model, the McArthur Basin was formed 
by renewed extension, also in an approximately north–
south orientation, resulting in deposition of the Tawallah 
Group, followed by the formation of an extensive thermal 
subsidence basin system during deposition of the McArthur 
and Nathan groups and their equivalents in the northern 
part of the basin (1740–1600 Ma ‘McArthur Event’). Small 
east–west rift basins were linked and compartmentalised 
by north-trending sidewall or transfer faults (eg Emu 
Fault Zone). Preferential localisation of small rift basins 
was suggested to have occurred where the north-trending 
faults intersected primary northwest-oriented normal faults 
inherited from the ‘Leichhardt Event’. 

Rogers (1996) and Bull and Rogers (1996) expanded 
on the Etheridge and Wall (1994) model by defining three 
significant compressional events (D1–3) that were major 
influences over basin development: D1 was a possible 
middle Tawallah Group east–west compressional event that 
deformed and uplifted older units of the Tawallah Group 
along the Batten Fault Zone, and controlled subsequent 
deposition of the upper part of the Tawallah Group; D2 
occurred mid-way through deposition of the McArthur 
Group and led to sinistral transpression along north- to 
north-northeast-trending faults such as the Tawallah and 
Emu Faults (this contrasts with the earlier Plumb model, 
which invoked oblique extension and dextral transtension 
on the Emu Fault at this time); and D3 occurred after 
deposition of the Roper Group and is characterised by 
northeast–southwest shortening and dextral displacement 
on the Tawallah and related faults (‘Post-Roper inversion’ 
of Rawlings et al 1997).

In the late 1990s and 2000s, ensialic orogenesis models 
for the tectonic development of Proterozoic terranes were 
largely replaced by modern plate tectonic models, worldwide 
as well as in Australia (see Myers et al 1996, Betts and Giles 
2006). Scott et al (2000) and Rawlings (2002) interpreted the 
development of Proterozoic superbasin phases in northern 
Australia as being the consequence of forces transmitted 
from an evolving, north-dipping subduction margin along the 
southern edge of the NAC in central Australia (Strangways 
arc of Zhao and McCulloch 1995). This model incorporated 
a variety of subsidence mechanisms operating inboard of 
the active margin of the NAC. During times of subduction, 
wholesale tilting of the craton occurred, whereas during 
the intervening orogenic episodes, thermal, isostatic and 
flexural mechanisms enhanced subsidence in the craton and 
promoted regional strike-slip deformation. Subsidence in 
the back-arc region was influenced largely by transmission 
of in-plane stress through the lithosphere, and this resulted 
in lithosphere-scale folding, viscoelastic deflections in 
the basement, transtensional strike-slip and flexural back-
bulge basins, and elongate impactogens via tectonic escape 
(Rawlings 2002). Periodic terrane accretion events at the 
active margin were interpreted to have generated regional 
unconformities, elongate and wedge-shaped basin elements, 
and local magmatic grabens. The repeated development and 
destruction of alternating subducting slabs and orogenic 
roots resulted in the development of a lateral temperature 
gradient, enhanced mantle convection, and anomalous and 
fluctuating thermal conditions under the craton. A long-
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lived thermal anomaly was responsible for the generation 
of both mafic and felsic magmas, and the geochemical 
characteristics of igneous units within the McArthur 
Basin succession indicate that these were derived from the 
lithospheric mantle and were not typical rift- or plume-
related melts (Scott et al 2000). Rawlings (2002) suggested 
that this thermal anomaly predated the McArthur Basin and 
was initiated under the influence of a transient convective 
roll emanating from the Strangways arc along the southern 
NAC margin. This acted to erode the lower lithosphere and 
generated a magma pool. Transtension along lithosphere-
scale strike-slip faults enabled migration of the magma into 
lower-crustal magma chambers, where wall-rock melting 
took place followed by extraction to the surface as bimodal 
volcanics. 

An alternative plate tectonic model was suggested by 
Gibson et al (2008), who proposed that parts of the NAC and 
South Australian Craton (SAC) formed a continuous, east-
facing continental margin during the period 1800–1640 Ma. 
In this model, a west-dipping subduction zone was located 
to the east of the Australian Proterozoic margin, and east-
northeast–northeast-directed crustal extension occurred 
almost continuously in a backarc setting. This extension 
produced stacked sedimentary basins controlled by growth 
faults, and exhumed mid-crustal, syn-extensional igneous 
rocks along extensional shear zones so as to create an 
inferred basin-and-range-style crustal architecture. The aim 
of this model was to reconcile the geology of Proterozoic 
eastern Australia with Rodinia reconstructions in which 
eastern Australia is correlated with Laurentia.

petroleum potentIal

Exploration history

The McArthur Basin has attracted intermittent exploration 
activity from a number of companies since the 1960s 
(Lanigan et al 1994), with exploration activity peaking firstly 
in the 1980s and 1990s, and again from the mid 2000s to 
the present. The first indication of significant hydrocarbons 
within the basin was reported by Thomas (1981), who 
described a mineral exploration drillhole (GR79-9) that 
flowed gas to surface at such a rate that it had to be plugged 
with cement. Between 1981 and 1984, work by a major joint 
venture between Amoco Australia Petroleum Company and 
Kennecott Copper Corporation [then owned by Standard 
Oil of Ohio (SOHIO)] included field mapping, stratigraphic 
drilling and geophysical surveys. This was followed by 
another period of activity from the mid-1980s to the 1990s 
by CRA Exploration Pty Ltd and Pacific Oil and Gas Ltd 
(Pacific) that included aerial photography, field mapping, 
ground geophysics and a substantial drilling program. 

In the mid-2000s, the Beetaloo Sub-basin was 
subjected to an exploration program by Sweetpea 
Petroleum Pty Ltd (Sweetpea), a fully owned subsidiary 
of PetroHunter Energy Corporation. This work comprised 
a program of seismic acquisition and stratigraphic 
drilling, and included the drilling of Shenandoah-1 in 
2007. Sweetpea was targeting large unconventional, as 
well as conventional hydrocarbon resources within the 
Mesoproterozoic Roper Group and overlying younger 

sedimentary rocks. Falcon Oil & Gas Ltd (Falcon) 
subsequently acquired a 75% working interest in the 
exploration program in 2009, which was increased to 
100% in April 2010. Shenandoah-1 was deepened in 2009 
and renamed Shenandoah-1A, then was re-entered and 
production tested in 2011. In July 2011, Falcon signed a 
farm-in agreement with Hess Australia (Beetaloo) Pty Ltd 
(Hess), an affiliate of Hess Corporation, under which Hess 
could acquire a 62.5% interest in several tenements in the 
sub-basin, by conducting an extensive seismic program 
and drilling five wells. Falcon retained one tenement and 
a 20 x 20 km block surrounding Shenandoah-1A. During 
2011 and 2012, Hess undertook a 2D seismic program 
in the sub-basin, with approximately 3500 line km 
completed. However, after spending about $US80 million 
($A87 million) on exploration work in its four permits, 
Hess didn’t commit to funding a second stage of work 
by a June 2013 deadline. As a result, it forfeited the right 
to earn a majority stake in the licences and exited the 
permits, leaving Falcon with a 100% interest. 

In the southeast of the basin, Armour Energy Pty 
Ltd (Armour) acquired a substantial area of exploration 
tenements, from 2009 to the present, that included much of 
the Batten Fault Zone and adjacent areas of the McArthur 
Basin, as well as parts of the South Nicholson Basin and 
the northern part of the Georgina Basin further to the 
south. Armour embarked on a significant exploration 
program targeting conventional and unconventional gas 
resources in late Palaeoproterozoic sedimentary rocks of 
the McArthur Group within the fault zone. This program 
included surface mapping, 2-D seismic surveys, airborne 
gravity and magnetic surveys, and the drilling of three 
wells, plus a sidetrack. In 2012, Armour reported gas in two 
wells in the McArthur River district, to the north and south 
of the McArthur River mine and pipeline. The northern 
occurrence is of unconventional shale gas in drillhole Cow 
Lagoon-1, whereas the other in Glyde-1 ST1 is a shallow 
conventional accumulation within brecciated dolostone that 
flowed gas to surface. Armour have concluded that both 
prospects reservoir potentially economic quantities of gas 
and is currently evaluating the discoveries.

Almost all of the remainder of the McArthur Basin is 
currently covered in exploration tenements that are either 
granted or under application from a number of companies, 
including Imperial Oil & Gas Pty Ltd, Tamboran 
Resources Pty Ltd, Santos QNT Pty Ltd, Arafura Oil 
Pty Ltd, Hancock Prospecting Pty Ltd, Sweetpea, Paltar 
Petroleum Ltd, Pangaea Resources and others. At time 
of writing, exploration programs in these areas are either 
yet to commence, are at early stages, or are yet to be 
reported. Areas/prospects within these tenements that have 
a reasonable potential for economic petroleum discoveries 
are discussed under Prospectivity. 

Figure 19 shows the locations of petroleum wells and 
seismic lines within the McArthur Basin.

Source rockS

Previous assessments of the source rocks of the McArthur 
Basin have focused on the McArthur and Roper groups in 
the southern part of the basin. The source rock potential 
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of the northern successions remains unassessed and this 
reflects a comparative lack of exploration work in this 
region. Crick et al (1988) recognised five potential source 
rock units in the southern part of the McArthur Basin, 
defined as having total organic carbon (TOC) greater than 
0.5%. These include the Barney Creek, Lynott and Yalco 
formations of the McArthur Group, and the Velkerri and 
Kyalla formations of the Roper Group. Most exploration 
efforts have been concentrated on these groups, with other 
intervals having received little attention to date. This 
includes the Tawallah Group, the petroleum geology of 
which has not been studied in detail despite the presence 
of hydrocarbon shows in two units (McDermott and 
Wollogorang formations). Previous source rock studies 
of the McArthur Basin include Peat et al (1978), Amoco 
(1981), Jackson et al (1984, 1988), Powell et al (1987), 
Crick et al (1988), Summons et al (1988), Donnelly and 
Crick (1988), Summons and Powell (1991), Jackson 
and Raiswell (1991), Crick (1992), George et al (1994), 
Lanigan et al (1994), Taylor et al (1994), Warren et al 
(1998), George and Ahmad (2002), Silverman et al (2007), 
Dutkiewicz et al (2004, 2007), Falcon (2009), Law et al 
(2010), Silverman and Ahlbrandt (2011), RPS (2013), Craig 
(2013) and a number of unpublished company reports, as 
discussed below. 

Source rock units

McDermott Formation

The McDermott Formation (Jackson et al 1987; Tawallah 
Group, Figure 14) is exposed throughout the southern 
part of the McArthur Basin, and includes outcrops in the 
Batten Fault Zone formerly assigned by Pietsch et al (1991) 
and Haines et al (1993) to the Aquarium Formation, and 
by Jackson (1982) to the Wollogorang Formation. The 
formation is conformable on the Rosie Creek Sandstone 
Member of the Sly Creek Sandstone and is disconformably 
overlain by the Wununmantyala Sandstone, although this 
contact may be locally conformable or unconformable 
(Rawlings 2002). It consists of interbedded dolostone, 
chert, mudstone and sandstone deposited in shallow-
marine, subtidal to supratidal settings (Jackson et al 1987, 
Ahmad and Wygralak 1989). Rawlings (2002) recognised 
four upward-shallowing cycles above a basal sandstone-
rich unit; these cycles were interpreted as commencing 
with deep-water shale and terminating in shallow-water 
sandstone. The thickness of the unit is about 500 m in the 
southeastern portion of the basin (Jackson et al 1987), but 
varies in the range 120–300 m within the Batten Fault Zone 
(Haines et al 1993, Rogers 1996). 
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Armour (2013c) identified the McDermott Formation 
as a possible source rock, and it is the oldest unit within 
the basin to have any recognised potential. This assessment 
was based on the presence of ‘live’ oil in carbonate veins 
within evaporitic dolostone and dolomitic mudstone, 
between depths of 550 m and 620 m in cored drillhole 
BHP GSD7 (Brescianini and Brown 1995). Although the 
source potential of the formation is yet to be properly 
evaluated, Armour noted that these oil shows demonstrate 
the potential for hydrocarbon accumulations below the level 
of the Barney Creek Shale, which was previously considered 
to be the oldest effective source rock within the basin. 
Powell et al (1987) described the Tawallah Group as being 
overmature for petroleum generation, but the presence of 
‘live’ oil within the McDermott Formation indicates that 
this unit is still within the oil window, at least in the vicinity 
of BHP GSD7.

Wollogorang Formation

The Wollogorang Formation (Jackson et al 1987; Tawallah 
Group, Figure 14) is a mixed dolostone, mudstone and 
sandstone succession that is exposed throughout the 
southern part of the McArthur Basin, where it averages 
about 160 m in thickness. The formation is concordant on 
the Settlement Creek Dolerite, and high-level equivalents 
of this sheet-like intrusion have also been locally intruded 
into the upper part of the formation. The Aquarium 
Formation and correlative Wuraliwuntya Member of the 
Wununmantyala Sandstone, which underlie the Settlement 
Creek Dolerite, are considered to have been contiguous 
with the Wollogorang Formation prior to emplacement of 
the dolerite (Rawlings 2002). The Wollogorang Formation 
is conformably overlain by the Gold Creek Volcanics in 
most areas and a peperitic contact is common, indicating 
emplacement of basalt sheets into or onto unconsolidated 
sediments in the upper parts of the formation. Where the 
volcanics are absent, the formation is generally overlain 
by the Warramana or Echo sandstones, with the contact 
being either gradational of erosional (Rawlings 2002). The 
Wollogorang Formation is subdivided into two distinct 
units separated by an paraconformity: a lower dolostone–
mudstone unit and an upper sandstone-rich unit, each of 
which is subdivided into a number of distinct subunits/facies 
(Jackson 1982, Jackson et al 1987, Ahmad and Wygralak 
1989, Pietsch et al 1991, Haines et al 1993, Rawlings 2002). 
The lower part of the formation was interpreted by Jackson 
(1982) and Donnelly and Jackson (1988) as having been 
deposited in mostly lacustrine to shoreline settings, but was 
reinterpreted by Rawlings (2002) as having been deposited 
in environments that ranged from shallow marine below 
wave-base, to storm-influenced shelf, to emergent. The 
upper part is considered to have been formed in a complex 
set of environments that included marine, to restricted 
marine, to supratidal-emergent (Rawlings 2002).

Armour (2013c) identified the Wollogorang Formation 
as a possible source rock, but there is little available 
geochemical information on this unit to enable its potential 
to be properly evaluated. Of most interest to petroleum 
prospectivity are ‘Unit 3’ of the lower part of the formation 
and the lithologically similar ‘Black mudstone facies’ of 

the upper part. ‘Unit 3’ is a 20–40 m-thick grey to black 
dolomitic siltstone with ovoid concretions or nodules of 
crystalline dolomite or chert. Fresh rock in drill core is 
very rich in organic matter, with mudstone containing up 
to 6% TOC (Jackson 1982) and nodules that are commonly 
bituminous (Rawlings 2002; Figure 20). TOC decreases 
up-section and is associated regionally with pyrite and 
anomalous base metals (Jackson 1982). The ‘Black mudstone 
facies’ of the upper Wollogorang Formation is very similar 
to ‘Unit 3’, but was described by Rawlings (2002) as being 
‘uncommon’ within a mostly sandstone-rich succession. 
Hydrocarbons sourced from this formation are believed to 
have been involved in the genesis of base metals deposits 
at higher stratigraphic levels within the basin (eg Redbank 
copper deposits; Wall and Heinrich 1990, Rawlings 2006).

Barney Creek Formation

The Barney Creek Formation (Jackson et al 1987; McArthur 
Group, Umbolooga Subgroup) outcrops in the Batten Fault 
Zone and has poorly defined sub-surface extent to the east 
and west. It is a largely recessive unit that is conformable 
between the Teena Dolostone (below) and the Reward 
Dolostone (above). The formation thickens into sub-basins 
adjacent to, or within the strike-slip Emu Fault Zone to as 
much as 1200 m and there is evidence of stratal growth 
within some flower structures adjacent to this structure. It 
thins (<200 m thick) to the west away from the Emu Fault 
Zone, but is also interpreted to continue as a relatively thick 
unit under cover to the east of this structure (Rawlings et al 
2004, Figure 10). This indicates that the Emu Fault Zone 
did not have first-order control on the deposition or post-
deformational distribution of this and other units of the 
upper McArthur Group (Rawlings et al 2004), contrary to 
many early tectonic models (eg Plumb 1979; see above). 

The Barney Creek Formation consists of finely laminated 
to thinly bedded dolomitic, carbonaceous and pyritic 
siltstone, shale and dolomudstone, and locally abundant tuff 
beds and breccias (Figure 21a). Jackson et al (1987) defined 
three members within the formation: the Cooley Dolostone 
Member, W-Fold Shale Member and HYC Pyritic Shale 
Member. The Cooley Dolostone Member is one or more 

Figure 20. Lower Wollogorang Formation: bituminous ovoid 
nodule in finely parallel laminated black shale (drillhole 
DD95RC128, approximately 4 km east-southeast of Stanton Co/
Ni/Cu prospect; after Rawlings 2006.
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intraformational, locally derived, fault-related chaotic 
breccias that interfinger with other units of the Barney 
Creek Formation in the McArthur River mine area. Clasts 
range in size from millimetres to several tens of metres, 
and were largely derived from the underlying Emmerugga 
and Teena dolostones (Pietsch et al 1991). The W-Fold Shale 
Member consists of green and red dolomitic siltstone and 
shale, and green vitric tuff. Much of the siltstone appears 
to have undergone potassium metasomatism. The overlying 
HYC Pyritic Shale Member hosts the world-class McArthur 
River (formerly HYC) Zn-Pb-Ag deposit and is a recessive, 
thinly bedded, laminated, carbonaceous, dolomitic pyritic 
siltstone (Figure 21b) with thin beds of tuffaceous 
mudstone. In contrast to some shallow-water or lacustrine 
models proposed previously (eg Jackson et al 1987), Bull 

(1998) and Winefield (1999) interpreted the overall Barney 
Creek Formation as deeper-water shaly carbonate rocks that 
were deposited during maximum flooding of a sea-level 
transgression. Carbonaceous pyritic shales are indicative of 
a quiet, anoxic, sub-wave-base environment.

The Barney Creek Formation shows strong source rock 
characteristics, but its potential is affected by variations 
in facies and thickness, and in the level of maturity, which 
varies from marginally mature to overmature (Powell et al 
1987, Summons et al 1988, Crick et al 1988, Jackson et al 
1988). Thick sections with good source characteristics 
(Figure 22a) have been found in relatively small sub-basins 
associated with the Emu Fault Zone (eg Glyde Sub-basin), but 
where the formation has been studied away from these sub-
basins (within the Batten Fault Zone), it is generally thinner 
and comprises a less euxinic and less prospective facies. 
Numerous indications of petroleum have been recorded 
from the formation, including live oil bleeding from core, 
oil globules, bitumen, and significant gas shows (Amoco 
1981, Thomas 1981, Summons et al 1988, Armour 2012c, 
2013e, Figure 22b). TOC values are in the range 0.6–10.4% 
in marginally mature rocks, 0.8–7.6% in mature rocks, and 
0.2–3.2% in overmature rocks (Jackson et al 1988). TOC 
values in overmature rocks are minimum values remaining 
after cracking and the loss of hydrocarbons at relatively 
high levels of maturation (Powell et al 1987). Kerogens 
from samples of the formation are generally Types I and II 
(Crick et al 1988), indicating that the formation is oil/gas-
prone. The Hydrogen Index (HI) is <100 in overmature 

Figure 21. (a) Cyclic unit in Barney Creek Formation, McArthur 
River Zn-Pb-Ag deposit. Coarse breccia unit (bottom) grades up 
into sandy bed and shale (top). Figure courtesy Richard Keele 
[formerly ARC Centre of Excellence in Ore Deposits (CODES)]. 
(b) Thinly laminated, mineralised, HYC Pyritic Shale Member 
of Barney Creek Formation, 2 km north of McArthur River mine 
(after Pietsch et al 1991).

a

b

Figure 22. Barney Creek Formation in core from Lamont 
Pass-3 (after Armour 2013d). (a) Organic-rich oil-bearing shale. 
(b). Dull-to-bright golden yellow oil florescence. 

a

b
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rocks, and has a wide range of values (150–740) in mature 
rocks; this spread of values may reflect variations in source 
rock quality, or may be due to a mineral matrix effect, 
which tends to suppress the pyrolysis yield, particularly in 
samples with a high clay content (Crick et al 1988). The 
level of maturity of the Barney Creek Formation is believed 
to be strongly affected by localised variations in geothermal 
gradients, and increasing maturity is associated with the 
infiltration of hydrothermal fluids along synsedimentary 
faults (eg in the vicinity of the McArthur River base metals 
deposit). In the central and northern parts of the Batten Fault 
Zone, the formation is late mature to overmature for oil 
generation, with maturity decreasing away from the major 
faults. However, in the Glyde region, where source rocks 
have not been affected by mineralising fluids, the formation 
is marginally mature to mature for hydrocarbon generation 
(Jackson et al 1988), and drilling results from Lamont Pass-
3 indicate that the oil window exists to a depth of 780 m in 
this region (Armour 2013e). In general, the Barney Creek 
Formation is regarded as being capable of generating large 
volumes of hydrocarbons, and it is likely that migration of 
hydrocarbons has occurred, from geochemical evidence 
and from microscopic observations of oil inclusions and 
bitumen veins (Crick et al 1988).

Lynott Formation

The Lynott Formation (Jackson et al 1987; McArthur Group, 
Batten Subgroup) occurs mostly within and probably to the 
east (Rawlings et al 2004) and west of the Batten Fault 
Zone in the south of the McArthur Basin. The formation is 
disconformable or unconformable on the Reward Dolostone, 
which forms the top of the Umbolooga Subgroup, and is 
conformable beneath the Yalco Formation. It ranges in 
thickness from 50 m to 600 m and is similar to the Barney 
Creek Formation in that it appears to thicken into actively 
subsiding sub-basins adjacent to the Emu Fault Zone 
(Jackson et al 1987, 1988). The formation is an evaporite-
rich unit of mainly dolomitic siltstone, sandy dolostone, 
stromatolitic dolostone and lesser dolomitic sandstone. Three 
conformable members have been identified (Jackson et al 
1987). The Caranbirini Member consists of thinly bedded, 
laminated fine-grained mudstone, dolomitic mudstone 
that is locally carbonaceous and/or pyritic, dolomudstone, 
intraclast breccia and pink tuffaceous mudstone. It reaches 
a maximum thickness of ca 300 m adjacent to the Emu 
Fault Zone, a few kilometres north of the McArthur River 
mine. The member is a regressive unit that was deposited 
in initially subtidal marine conditions, grading upward to 
an intertidal setting. The overlying Hot Spring Member 
is typically stromatolitic and mostly comprises dolomitic 
siltstone, silty dolomudstone and sandstone, deposited 
on intratidal to supratidal flats (Pietsch et al 1991). The 
Donnegan Member comprises red-brown to buff dolomitic 
siltstone and sandstone, with lesser sandy dolostone and 
thin to medium beds of chertified stromatolitic dolostone, 
deposited in a supratidal to sabkha setting. 

The interval within the Lynott Formation of most 
significance to petroleum prospectivity is the Caranbirini 
Member, which contains organic-rich shale similar to that 
in the Barney Creek Formation. TOC values of samples of 

the member are in the range 0.2–3.4% (Dorrins and Womer 
1983, Summons et al 1988), but these values may have been 
higher prior to hydrocarbon generation. The maturation 
pattern is similar to that of the Barney Creek Formation 
(Crick et al 1988), in that within the northern part of the 
Batten Fault Zone and adjacent to major faults, the member 
is late mature to overmature with a relatively low HI of 
<143 (Summons et al 1988), whereas on the margins of 
the southern part of the fault zone, the unit is marginally 
mature. Powell et al (1987) noted that the member was 
probably deposited in a less-rapidly subsiding environment 
than was the Barney Creek Formation, and concluded that 
it was therefore likely to have a lower source rock potential.

Yalco Formation

The Yalco Formation (Jackson et al 1987; McArthur Group, 
Batten Subgroup) has a similar distribution to the Lynott 
Formation, within and probably to the east (Rawlings et al 
2004) and west of the Batten Fault Zone. The formation is 
generally conformable on the Donnegan Member of the 
Lynott Formation, or where this is absent, is unconformable 
on older units of the Umbolooga Subgroup. It is usually 
conformable beneath the Stretton Sandstone, but in many 
areas, the top has been removed by erosion and the unit is 
unconformably overlain by various younger units of the 
McArthur Basin and covering successions. The formation 
reaches a maximum thickness of about 250 m, but is usually 
thinner due to erosion of the upper parts. The Yalco Formation 
consists of generally laterally variable, intensely chertified, 
thinly interbedded stromatolitic dolomudstone, silty 
dolomudstone, sandy dolostone and dolomitic sandstone. 
It contains abundant intraclast chert breccias, laminae and 
nodules, as well as small distinctive stromatolites, ripple 
marks, desiccation cracks, tepee structures, and casts and 
moulds after evaporite minerals. The unit is interpreted as 
having been deposited in a shallow-marine environment 
that was subjected to periodic emergence (Muir et al 1980b, 
Jackson et al 1987).

The Yalco Formation contains thin (<3 m thick) organic 
shale intervals that have TOC values of up to 6%, but 
although there is potential to generate hydrocarbons from 
mature zones, thick and laterally extensive source beds 
are not likely to be present (Powell et al 1987, Jackson 
et al 1988). Kerogens from samples of the formation are 
generally Type II (Crick et al 1988), indicating that these 
rocks are oil/gas-prone, depending on maturity. As for other 
formations of the McArthur Group, the Yalco Formation 
is late mature to overmature within the northern part of 
the Batten Fault Zone and adjacent to major faults, and is 
marginally mature in the southern part of the fault zone 
(Crick et al 1988). However, the thin organic-rich intervals 
in the Yalco Formation are not considered to be a potential 
source of major significance (Powell et al 1987).

Velkerri Formation

The Velkerri Formation (Abbott et al 2001, after Dunn 
1963a; Roper Group, Maiwok Subgroup) is widespread 
throughout the southwestern part of the McArthur Basin, 
including the subsurface Beetaloo Sub-basin and several 
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other erosional or structural ‘sub-basins’ of the Roper 
Group. The formation is a recessive unit and is rarely 
exposed, but thick sections occur in the subsurface. It is 
gradational and conformable on the Bessie Creek Sandstone 
and is unconformably overlain by the Moroak Sandstone, 
although a locally conformable contact was described by 
Pietsch et al (1991) in BAUHINIA DOWNS1 in the south of 
1 Names of 1:100 000 and 1:250 000 mapsheets are in small 
and large capital letters, respectively (eg Legune, BAUHINIA 
DOWNS).

the basin. The formation is 330 m thick in the type section 
in BMR Urapunga-4 and 449 m in Broadmere-1 (Amoco 
1985), but the thickest sections are in the Beetaloo Sub-
basin in the southwest, where it reaches 880+ m in POG 
McManus-1 (Lanigan and Ledlie 1990a) and 750+ m in 
Shenandoah-1A (Hoyer et al 2012, Figure 23).

The Velkerri Formation consists mostly of claystone, 
mudstone and siltstone (Figure 24a), with calcite nodules 
and pyrite stringers, and minor fine sandstone (Figure 24b). 
Lanigan et al (1994) recognised three informal divisions 
of the unit, based on drill intersections in the north of the 
Beetaloo Sub-basin and adjacent areas. The lower interval 
consists of grey-blue claystone to silty mudstone with thin 
sandstone intervals that are increasingly common towards 
the base; the middle interval consists of dark grey to brown-
black claystone, mudstone and minor siltstone; and the upper 
interval consists of grey mudstone and siltstone with lesser 
fine sandstone that increases in proportion towards the top. 
Organic-poor shale is characteristic of the lower and upper 
intervals of the formation, whereas the shale in the middle 
interval is relatively rich in organic material (Lanigan 
et al 1994, Silverman et al 2007). The middle interval is 
of particular significance as a potential source rock and is 
extensive throughout the known area of the formation. It 
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Figure 24. Middle Velkerri Formation. (a) Organic-rich oil-
bearing shale of middle Velkerri Formation in core from Altree-2 
(after Silverman and Ahlbrandt 2011). (b). Pebble-sized pieces 
of shale and sandstone of middle Velkerri Formation from 
Shenandoah-1 (after Hoyer et al 2012).
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ranges in thickness from about 80 m in thickness in BMR 
Urapunga 4 to 350 m in McManus-1, and features three 
intervals particularly rich in organic matter (Lanigan et al 
1994). In the deeper parts of the Beetaloo Sub-basin, the 
only drillhole to intersect the formation is Shenandoah-1A, 
which reached its total depth in the lower Velkerri Formation. 
Hoyer et al (2012) reported a broadly similar threefold 
subdivision of the formation, with the middle interval being 
relatively enriched in organic material, like the wells to the 
north. On stratigraphical and sedimentological evidence, 
Jackson et al (1988) interpreted the Velkerri Formation 
as having been deposited in a low-energy, relatively deep 
marine environment. Donnelly and Crick (1988) suggested 
an alternative restricted depositional setting, such as a large 
lake or barred basin, for the formation. Silverman et al 
(2007) suggested that upwards shoaling into the Moroak 
Sandstone, which they interpreted as a lateral equivalent of 
the upper Velkerri Formation shale, in Elliott-1, reflected a 
basin-wide deltaic progradation and an up-section increase 
in depositional environmental energy, possibly a result of 
regional deltaic progradation. Gorter and Grey (2012a) 
suggested a palaeogeographic reconstruction that featured 
uplift to the present-day south and a developing foredeep 
to the present-day north and depths that shallow up a ramp 
margin. Coarse clastic rocks derived from rising mountains, 
were shed into the foredeep, ranging from coarser in 
proximal areas to finer-grained in more distal areas. 

The source rock potential of the Velkerri Formation and 
the Roper Group in general has been discussed in a number 
of publications, including Jackson and Raiswell (1991), 
Jackson et al (1988), Crick et al (1988), Donnelly and Crick 
(1988), Crick (1992), Taylor et al (1994), Lanigan et al (1994), 
Warren et al (1998), Dutkiewicz et al (2007), Falcon (2009), 
Law et al (2010), Hoyer et al (2012) and Craig et al (2013). 
Indications of hydrocarbons (oil and gas shows, bitumen) 
have been found in most drillholes that penetrate the 
formation, particularly the ‘middle’ interval. For example, 
‘live’ oil shows and fluorescence were encountered in the 
formation in drillholes BMR Urapunga 4, Amoco 82-1 and 
Broadmere-1 (Jackson et al (1988); oil and gas shows were 
reported from McManus-1, Walton-2 and Altree-2 on the 
northern margins of the Beetaloo Sub-basin (Torkington 
et al 1988, Lanigan and Ledlie 1990a, b); and continuous 
gas shows were reported throughout the formation in 
Shenandoah-1A in the deeper part of the sub-basin, 
along with some condensate (Silverman and Ahlbrandt 
2011, Hoyer et al 2012). TOC values for the formation are 
generally highest in the middle interval of the formation. 
In the more northerly wells, organic-rich shale from this 
interval yields values that are usually in the range 2–6% 
and reach a maximum of 12.5% (Jackson et al 1988, Taylor 
et al 1994, Warren et al 1998). In Shenandoah-1A in the 
deeper part of the Beetaloo Sub-basin, TOC values of 2% 
were reported from the middle interval of the formation 
by Hoyer et al (2012). Law et al (2010) reported an average 
TOC of 3.96% for this interval from a number of wells in 
the sub-basin and estimated the original TOC to have been 
5.82%. They also reported a present-day HI of 281 for the 
middle Velkerri Formation, and calculated an original HI 
of 425. Kerogen was reported to be generally Type II by 
Crick et al (1988) and RPS (2013), and Type I–II by Taylor 

et al (1994) and Law et al (2010). These values indicate that 
Velkerri Formation source rocks are generally oil/gas-prone, 
depending on maturity. Crick (1992) reported TMax values 
for the Velkerri Formation in the range ca 436–462°C in 
wells not including Shenandoah-1A, which indicates that 
the formation is early to late mature for oil generation 
in the vicinity of these wells. In the northwest, maturity 
is complicated by dolerite sill emplacement within the 
formation, which tends to destroy hydrocarbons in close 
proximity to the intrusions, but enhances maturity in a 
distal zone, one to three sill thicknesses above the major 
sill (Taylor et al 1994). Taylor et al noted that maturity 
increases to the south and predicted that the formation 
would be overmature for oil generation at deeper levels 
within the Beetaloo Sub-basin, and this has been shown to 
be the case in Shenandoah-1A, where the formation is in 
the dry gas window (Hoyer et al 2012). In general, source 
rocks are predicted to be mature for gas generation at 
depths greater than ca 1500 m within the sub-basin (Hoyer 
et al 2012, RPS 2013, Figure 25a).

Kyalla Formation

The Kyalla Formation (Abbott et al 2001, after Dunn 
1963; Roper Group, Maiwok Subgroup) is a poorly 
exposed recessive unit occurring over wide areas of 
the southwestern portion of the McArthur Basin. It has 
a similar distribution to the Velkerri Formation in that 
it occurs in the subsurface Beetaloo Sub-basin and in 
several other erosional or structural ‘sub-basins’ of the 
Roper Group, although it is absent (presumably removed 
by erosion) in some wells along the northern margins of 
the sub-basin (eg Walton-2, Altree-2). The formation has a 
conformable and probably interfingering contact with the 
underlying Sherwin Formation and a sharp and probably 
erosional (disconformable) contact with the overlying 
Bukalorkmi Sandstone. The thickness of the formation 
varies considerably and increases to the southwest into 
the Beetaloo Sub-basin: to the north of the sub-basin, 
it is 70–250 m thick (Abbott et al 2001); in the northern 
part of the sub-basin (eg Ronald-1, Chanin-1, Burdo-1), it 
is 170–395 m thick (Menpes 1993b, Hibbird 1993a, b); and 
in deeper areas of the sub-basin, it reaches a thickness of 
745 m in Jamison-1 (Lanigan and Torkington 1991) and 
777 m in Shenandoah-1A (Hoyer et al 2012, Figure 23). 

The Kyalla Formation consists of interbedded grey to 
black mudstone, silty mudstone, siltstone and fine sandstone 
(Lanigan et al 1994, Abbott et al 2001, Figure 26a, b). 
Some intervals are relatively sandstone-rich, particularly 
in the lower part of the unit and, in places, the upper part. 
The mudstone-rich facies is variably organic-rich and is 
a good potential source facies. Abbott and Sweet (2000, 
2001) interpreted a storm-dominated shelf environment 
of deposition for the Kyalla Formation on the basis of 
lithologies and a diagnostic suite of sedimentary structures, 
whereas Silverman et al (2007) interpreted the unit as a 
deep-water, low-energy ‘starved basin’ deposit. Gorter and 
Grey (2012a) noted circumstantial evidence for a glacial 
environment and interpreted that the formation may have 
been accumulated under near freezing, highly alkaline, 
phosphate-rich bottom water conditions.
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The source rock potential of the Kyalla Formation is 
demonstrated by oil and gas shows, with numerous reports 
of strong odours, and gas and oil ‘bleeds’. The best ‘live’ 
oil shows are normally from the siltier and sandier zones 
(Silverman et al 2007). In the deeper part of the Beetaloo 
Sub-basin, oil shows occur in the upper Kyalla Formation 
in Jamison-1, Balmain-1 and Shenandoah-1, and good 
gas shows are common in the middle and lower Kyalla 
Formation in Jamison-1 and Shenandoah-1A. Organic 
content in the formation is variable and generally less 
than 2%, but occasionally exceeds 6% in some intervals 
(Silverman et al 2007). In more northerly wells (eg 
Chanin-1, Burdo-1, Ronald-1), average TOC values in the 
upper Kyalla Formation are <1.0% and average HI values 
are <275 (Menpes 1993b, Hibbird 1993a, b). Elliot-1 in 
the south of the sub-basin has an average TOC of 1.18%, 
but a relatively low average HI of 136 (Lanigan 1992). All 
these wells are in the oil window and are not overmature at 
the level of the lower Kyalla Formation, so the low values 
suggest only limited source rock potential in these areas. 
TOC values generally become more consistent and higher 
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Figure 25. Maturity maps showing prospective areas of Beetaloo 
Sub-basin for (a) upper Kyalla Formation oil zone; (b) lower Kyalla 
Formation oil and gas zones; (c) middle Velkerri Formation oil and gas 
zones (redrawn and simplified after Silverman and Ahlbrandt 2011).

Figure 26. Kyalla Formation (after Silverman and Ahlbrandt 
2011). (a) Oil-bearing shale of upper Kyalla Formation in core 
from Jamison-1. (b) Open natural fractures in shale of lower 
Kyalla Formation in core from Shenandoah-1A.
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towards the deeper portion of the Beetaloo Sub-basin. Law 
et al (2010) reported the average TOC for Kyalla Formation 
shale to be 2–3%, with thin intervals attaining higher 
values. One sample in Jamison-1 was reported to contain 
8.97% TOC (Jackson et al 1988). RPS (2013) interpreted the 
higher values in this area as being due to palaeotopography 
and distance from the edges of the sub-basin, with the 
deepest part of the depositional area being more anoxic and 
removed from sediment influx. It is notable that average 
TOC and HI values in Jamison-1 are 2.16% and 410 for the 
upper Kyalla Formation, and 2.29% and 66 for the lower part 
of the formation (RPS 2013). This last very low HI value 
indicates that that the lower part of the formation, which is 
in the gas window in Jamison-1, is depleted in hydrogen and 
is no longer able to generate hydrocarbons. However, the 
high remaining TOC suggests that it is likely to have been 
an excellent source rock in the past (RPS 2013). Kerogens 
appear to be a mixture of Types I and II (Taylor et al 1994, 
Law et al (2010) and are therefore capable of generating both 
oil and gas, depending on maturity, but the proportions of 
each type are unclear. Summons et al (1994) concluded that 
the kerogens showed more of the Type I character, whereas 
RPS (2013) described them as being primarily Type II. The 
upper Kyalla Formation is above 1500 m depth and therefore 
in the oil window (see Velkerri Formation above) in all 
wells drilled to date. The lower Kyalla Formation is in the 
oil window around the margins of the Beetaloo Sub-basin, 
but reaches depths of greater than 1500 m in the centre of 
the basin, and is therefore mature for gas generation in these 
areas (Figure 25b, c). 

Other potential source rocks

Vaughton Siltstone
The Vaughton Siltstone (Plumb and Roberts 1965, 1992; 
Balma Group) is a thick, recessive succession that is poorly 
exposed in the Walker Fault Zone in the northern part of 
the McArthur Basin. Exposures are mainly confined to 
BLUE MUD BAY (Haines et al (1999), but the general area 
of distribution of this largely subsurface unit is otherwise 
unknown, due to a general paucity of drill intercepts and 
seismic data. The formation is estimated to be 600–1000 m 
thick and consists mostly of massive, partly carbonaceous 
mudstone, with minor sandstone and dolostone interbeds, 
and a basal conglomerate. It was deposited in a mostly deep 
subtidal environment, below wave-base, but there is a thin 
marginal marine?/fluvial unit at the base. The formation 
is disconformable on the Strawbridge Breccia and is 
conformably and gradationally overlain by the Conway 
Formation, or locally unconformably by the Yarrawirrie 
Formation. It has been tentatively correlated with the very 
prospective Barney Creek Formation and Caranbirini 
Member of the Lynott Formation (McArthur Group) in 
the southern portion of the McArthur Basin (Plumb and 
Derrick 1975, Haines et al 1999).

Black carbonaceous shales with up to 10% pyrite, 
indicating a reducing environment, are abundant at several 
levels within the Vaughton Siltstone, but these promising 
rocks have not been assessed for their source rock potential. 
Cross-sections from NTGS mapping (Haines et al 1999) 
suggest that the formation is present at depths of between 

500 m and 2500 m across much of east Arnhem Land, 
and this suggests that it could be mature for oil and gas 
generation over a large area. This formation is one of the 
best candidates for a viable source rock in the northern part 
of the McArthur Basin, but considerable work, including 
drilling and the acquisition of seismic data, will be required 
in order to make a better assessment of its potential. 

Saint Vidgeon Formation
The Saint Vidgeon and overlying Nagi formations together 
comprise the Vizard Group, which is an attenuated or 
truncated equivalent of the McArthur Group that onlaps 
the Urapunga Fault Zone basement high. The Saint 
Vidgeon Formation (Abbott et al 2001) is marine and 
consists of dolostone, dolomitic and tuffaceous siltstone, 
potassium-metasomatised sedimentary rocks and chert. 
Age determinations (Page et al 2000) have shown that the 
formation is a correlative of the Barney Creek Formation. 
No petroleum studies have been conducted on the formation, 
but it does contain pyritic black shale in the upper part that 
might have been deposited in a locally developed sub-basin. 
Abbott et al (2001) compared this facies to that of the HYC 
Pyritic Shale Member of the Barney Creek Formation, 
which suggests that the formation might have some source 
potential. 

Mainoru and Corcoran formations
The Mainoru Formation (Roper Group, Collara Subgroup) 
and Corcoran Formation (Roper Group, Maiwok Subgroup) 
are both relatively fine-grained siliciclastic units that were 
deposited in a dominantly marine shelf setting (Abbott et al 
2001). Both formations contain sub-wave-base organic 
facies and may therefore have source rock potential, but 
neither has been targeted in petroleum exploration programs 
to date.

Maturation and migration

Burial history and diagenetic studies (eg Powell et al 
1987, Duddy et al 2004) suggest that the generation and 
migration of hydrocarbons in the McArthur Basin has 
occurred in several stages. Both relatively short and more 
lengthy migration paths from source rocks to traps are 
indicated (Powell et al 1987). The McArthur and Nathan 
groups were both rapidly buried to significant depths 
(>3000 m) during and immediately following deposition, 
and it is therefore likely that hydrocarbons were generated 
at this time (Jackson et al 1988). Crick et al (1988) 
presented geochemical and petrological evidence that 
early generation and migration occurred within the Barney 
Creek Formation prior to deposition of the Roper Group. 
Detailed work on solid bitumen and oil inclusions in the 
Roper Group, as summarised in Dutkiewicz et al (2005, 
2007), indicate that there was extensive oil migration from 
source rocks in this group during the late Mesoproterozoic. 
Textural relationships, microthermometry and geochemical 
data suggest that the group experienced multiple episodes 
of oil and brine migration, involving hydrocarbons of 
different molecular composition. The earliest of these took 
place during burial, when diagenetic quartz cement was 
just starting to form. Oil migration during a later stage 
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of burial is indicated by solid bitumen occurring within 
secondary porosity and as coatings on minerals. Fracture 
bitumen in a vein within a 1320 Ma dolerite sill shows that 
oil also migrated during cooling of the sill (George et al 
1994). The most significant oil migration episode during 
the Proterozoic is interpreted to have probably occurred 
following extensive compaction, cementation and contact 
metamorphism associated with the dolerite intrusion and 
vein infilling of the dolerite, probably before significant 
uplift, during structural inversion between 1300–1000 Ma 
(Dutkiewicz et al 2005, 2007).

There is also some evidence of later hydrocarbon 
migration while the Roper Group was buried beneath 
Palaeozoic cover (see Jackson et al 1988, RobSearch 1992, 
Ambrose and Silverman 2006, Silverman and Ahlbrandt 
2011). Wade (1924) reported the occurrence of ‘bitumen 
glance in (presumably Cambrian) basalt overlying sandstone’ 
in the McArthur Basin area, and primary bitumen has been 
discovered in an interval of sedimentary rocks within the 
Cambrian Antrim Plateau Volcanics (Kalkarindji Province) 
in the Sturt Plateau area to the southwest of Mataranka 
(Matthews 2008). The most likely source for this bitumen 
is underlying strata of the Roper Group. The presence 
of migrated hydrocarbons in the Bukalara Sandstone in 
drillhole Walton-1 (Lanigan and Ledlie 1990) also indicates 
that migration must have occurred in post-Neoproterozoic 
times. Silverman and Ahlbrandt (2011) reported that a 
reinterpretation of the burial history of the Roper Group, 
based on 2-D seismic data and palaeothermal studies 
(eg Duddy et al 2004), indicates that peak hydrocarbon 
generation may have occurred in the Jurassic, much later 
than previously thought, and commented that this greatly 
increases the potential for preserved conventional traps.

Maturation levels in McArthur Group sedimentary 
rocks vary from marginally mature to overmature, with 
abrupt changes over short distances often associated with 
faults (Crick et al 1988). Hydrothermal activity probably 
played a significant role in the maturation process, and 
significant lateral and temporal variations in geothermal 
gradients resulted in variations in maturation and an overlap 
of maturation indices for formations of the McArthur 
Group (Crick 1992). In the central and northern parts of 
the Batten Fault Zone, there is evidence that elevated heat 
flow was associated with major faults and adjacent sub-
basins; some of this has been associated with base metals 
mineralisation (eg McArthur River deposit). In these areas, 
the Barney Creek Formation is late mature to overmature 
for oil generation, but away from major faults, maturity 
levels tend to be lower, in the mature zone. In the southern 
parts of the Batten Fault Zone, in the Glyde region, the 
Barney Creek Formation is marginally mature to mature 
for oil generation.

Jackson et al (1988) determined that the younger 
Roper Group was probably buried to a maximum depth 
of 2.5 km shortly after deposition, and that the maximum 
burial temperature experienced by the Velkerri Formation 
was about 75ºC. However, higher burial temperatures 
of at least 80ºC were indicated by George and Ahmed 
(2002) and even higher palaeotemperatures of >105ºC 
were indicated by Duddy et al (2004), before Mesozoic 
cooling commenced. This suggests that either thermal 

maturity varies considerably laterally within the basin and/
or that maximum burial temperatures have previously been 
underestimated. The maximum burial depth for both the 
Velkerri and Kyalla formations probably occurred shortly 
after deposition of the Moroak Sandstone (Dutkiewicz et al 
2005, 2007), with uplift occurring shortly thereafter. This 
has preserved much of the succession in the oil window with 
only the deeper parts of the Beetaloo Sub-basin being in the 
gas-generating window (Ambrose and Silverman 2006). 
In Shenandoah-1A, source rocks have been shown to be 
mature for gas generation at depths greater than ca 1500 m 
within the sub-basin (Hoyer et al 2012, RPS 2013). 

reServoIr rock unItS

Previous studies of the reservoir units of the McArthur 
Basin (eg Dorrins and Womer 1983, Powell et al 1987, 
Jackson et al 1988, Lanigan et al 1994, Falcon 2009, RPS 
2103) have focused on the McArthur, Nathan and Roper 
groups in the southern part of the basin (Figures 15,  16). 
The reservoir potential of the basal Tawallah Group in the 
south of the basin and of the successions in the north of the 
basin is yet to be properly assessed. As well as conventional 
reservoirs, a number of potential unconventional reservoirs 
(eg shale oil/gas, tight gas in dolostone/sandstone) have also 
been recognised within the McArthur and Roper groups. 
It would be expected that commercial production in these 
unconventional reservoirs would probably be enhanced by 
lateral drilling and reservoir stimulation.

The basal Tawallah Group (Figure 14) in the southern 
portion of the McArthur Basin is relatively sandstone rich, 
but little information is available on the reservoir properties 
of this succession. The McDermott and Wollogorang 
Formations have some source rock potential (Armour 
2013c, see above), and might also have unconventional 
reservoir potential. 

Fair to good conventional reservoirs occur in the 
McArthur and Nathan groups, and include both vuggy 
carbonate and porous clastic rocks. Dorrins and Womer 
(1983) considered the best potential conventional reservoirs 
to include carbonate rocks of the Teena Dolostone 
exhibiting secondary vuggy porosity, and coarse breccia 
intervals within the Barney Creek Formation that have 
locally high primary and secondary porosity. Other 
possible conventional reservoirs within these groups 
include the Stretton Sandstone, which has locally good 
primary intergranular porosity; the Yalco and Looking 
Glass formations, which are characterised by intervals of 
dolostone with secondary vuggy porosity (Jackson et al 
1988); and the Balbirini Dolostone (Nathan Group), which is 
also likely to have zones of secondary porosity (Dorrins and 
Womer 1983). The Lynott Formation, Reward Dolostone 
and Barney Creek Formation are regarded as having good 
unconventional reservoir potential for naturally fractured 
and shale gas accumulations (Armour 2012a, 2013a). The 
distribution of all these units is highly variable and complex, 
increasing the difficulties and risks of exploration. 

At least seven good potential reservoir units have 
been identified in the Beetaloo Sub-basin, and in the 
?Neoproterozoic succession that overlies the Roper Group, 
but is not assigned to the McArthur Basin (Lanigan et al 
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1994, Falcon 2009, Law et al 2010, RPS 2103). These occur 
within the interval from the Bessie Creek Sandstone to 
the Bukalara Sandstone (Figure 16), which is the basal 
unit of the northern part of the Georgina Basin. Sandstone 
formations with conventional reservoir potential include the 
Bessie Creek, Moroak, Jamison and Bukalara sandstones. 
Thin sandstone intervals within the Velkerri Formation, 
Kyalla Formation and Hayfield mudstone also have some 
reservoir potential where cumulative thicknesses are 
significant. A ca 1320 Ma dolerite sill, which separates the 
Bessie Creek Sandstone and the Velkerri Formation in some 
drillholes, locally contains abundant inclusions of migrated 
oil (Dutkiewicz et al 2004) and may be another possible 
reservoir. The sandstone units are all quartz rich and 
texturally mature, and have grain sizes that vary considerably 
over short intervals. They would originally have had good to 
excellent conventional reservoir properties, but diagenesis, 
compaction and pressure solution have reduced primary 
porosities and secondary porosity is relatively minor 
(Lanigan et al 1994). Intervals with significant potential 
for unconventional hydrocarbon reservoirs (Falcon 2009) 
include the Bessie Creek Sandstone, Velkerri Formation 
shale, Moroak Sandstone and lower Kyalla Formation shale 
(all for basin-centred gas), and the upper Kyalla Formation 
shale (for shale oil).

Tawallah Group

The conventional and unconventional petroleum potential of 
the Tawallah Group has not been properly assessed to date. 
The group consists of thick arkosic or quartz-rich sandstones 
that alternate with mafic volcanic rocks, shale and rare 
carbonate rocks. In general, the sandstones of this group are 
extensively silicified and fractured and, consequently, most 
previous studies (eg Powell et al 1987, Jackson et al 1988) 
have downgraded the reservoir potential of this succession, 
particularly as source rock intervals are relatively thin and 
uncommon. However, the shale source rock prospectivity 
of the Wollogorang and McDermott formations (described 
above under Source rock units) demonstrates that there 
may be potential for hydrocarbon accumulations at this 
level of the basin succession (Armour 2013c). It is likely 
that conventional reservoir capability would be dependent 
on secondary porosity or fracturing, particularly at depth. 
However, it is also possible that unbreached oil-saturated 
reservoirs may have inhibited the formation of late-stage 
cements in pore spaces, and may have preserved enhanced 
reservoir conditions. Unconventional reservoirs might be 
present in the McDermott and Wollogorang formations, 
in which case commercial production would probably be 
dependent on horizontal drilling and reservoir stimulation. 
A major risk is that the more deeply buried parts of the 
Tawallah Group are likely to be thermally overmature.

Teena Dolostone (Coxco Dolostone Member)

The Teena Dolostone (Jackson et al 1987; McArthur Group, 
Umbolooga Subgroup) occurs mostly within and probably 
to the east (Rawlings et al 2004) and west of the Batten Fault 
Zone in the south of the McArthur Basin. It conformably 
overlies the Emmerugga Dolostone and is conformably 

and gradationally overlain by the Barney Creek Formation. 
The formation consists of thickly to thinly bedded or finely 
laminated dolomudstone (in places stromatolitic) with thin 
beds of dolomitic shale, siltstone and sandy dolostone, and 
some thin beds of potassium-rich mudstone (Jackson et al 
1987, Pietsch et al 1991). The upper part of the formation has 
been distinguished as the Coxco Dolostone Member (Plumb 
and Brown 1973), based on the presence of abundant ‘coxco 
needles’ within an interval of medium- to thinly bedded 
dolomudstone and minor flat-pebble conglomerate. These 
needles are radiating fans or layers of bottom-nucleated, 
acicular, near-vertical dolomite crystals, typically 6 – 10 cm 
long, that pseudomorph an earlier mineral. However, the 
validity of this lithostratigraphic unit was questioned by 
Ahmad et al (2013), as ‘coxco needles’ are present in at 
least one other formation elsewhere in the McArthur Basin, 
and are also found in other Palaeoproterozoic northern 
Australian basins and in much younger Neoproterozoic 
post-glacial cap carbonates worldwide. The lower Teena 
Dolostone is up to 60 m thick, and the Coxco Dolostone 
Member is 15–70 m thick. Jackson et al (1987) proposed 
that the formation was deposited in a hypersaline lacustrine 
environment, in which very shallow water and emergent 
conditions alternated. 

The Teena Dolostone, and in particular the Coxco 
Dolostone Member, is a proven conventional reservoir, 
which flowed gas to surface at a rate of 3.33 mmscfd on 
testing from the Glyde-1 ST1 lateral well, drilled in August 
2012 (Armour 2012d). This well is located in the northern 
part of the Glyde Sub-basin and is approximately 300 m 
west of the 1979 mineral exploration drillhole GR9 that also 
flowed gas to surface from the Coxco Dolostone Member 
(Thomas 1981, Armour 2012a). Permeability in the Coxco 
Dolostone Member was interpreted by Armour (2013a) to 
be the result of structural brecciation and fracturing along 
the Emu and Tawallah faults, together with talus or scree 
breccias occurring adjacent to faults, and areas of solution 
brecciation in contact with shale of the likely source rock, 
the Barney Creek Formation. In drillhole GR9, the member 
was described as being “very porous and fractured, often 
containing bitumen clots in open fractures”. Winefield 
(1999) also documented brecciation, fracturing and 
fissuring of the member just below the contact with the 
Barney Creek Formation. The fissures were interpreted as 
neptunian dykes, formed as a result of localised extension or 
dilation within the carbonate rocks during rapid differential 
subsidence. 

Barney Creek Formation

The Barney Creek Formation (described above under 
Source rock units) has potential as both a conventional 
and unconventional reservoir. Its ability to reservoir 
hydrocarbons is demonstrated by numerous hydrocarbon 
shows that include gas shows, flows and flares from the 
formation in drillholes GR9 (Thomas 1981), Cow Lagoon-1 
(Armour 2012a) and Glyde-1 (Armour 2012c), and 
significant oil and gas shows in Lamont Pass-3 (Armour 
2013e, g). 

Conventional reservoirs could be present in the form of 
coarse breccia intervals that have locally high primary and 
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secondary porosity (Dorrins and Womer 1983, Figure 21a). 
These include the Cooley Dolostone Member and several 
types of breccias within the HYC Pyritic Shale Member. 
The regional distribution of these breccias is unclear and 
they are best known from the vicinity of the McArthur 
River mine, where the formation has been extensively 
drilled. The Cooley Dolostone Member consists of one or 
more intraformational, locally derived, fault-related chaotic 
breccias that interfinger with other units of the Barney Creek 
Formation. It contains clasts, ranging from millimetres to 
several tens of metres, that were largely derived from the 
Emmerugga and Teena dolostones (Pietsch et al 1991). 
These and most other breccias within the formation were 
most likely derived from active fault scarps as talus-slope 
and more distal turbidite deposits. 

Results of recent drilling have shown that the Barney 
Creek Formation could potentially reservoir large quantities 
of unconventional gas and oil. Drillhole Glyde-1 intersected 
a 132 m-thick interval of gas-charged, naturally fractured 
shale within the formation (Armour 2012c), whereas Lamont 
Pass-3 intersected a 520 m-thick continuous section of oil-
bearing shale (Armour 2013e). Commercial production 
of these unconventional resources would presumably be 
enhanced by reservoir stimulation. 

Reward Dolostone

The Reward Dolostone (Jackson et al 1987; McArthur 
Group, Umbolooga Subgroup) has a similar distribution 
to other units of the Umbolooga Subgroup, within and 
probably to the east (Rawlings et al 2004) and west 
of the Batten Fault Zone. Its lower contact with the 
Barney Creek Formation is generally conformable and 
gradational, but may be locally disconformable (Walker 
et al 1983, Haines et al 1993). The upper contact may 
be transitional from dolostone to siltstone and shale of 
the Caranbirini Member of the Lynott Formation, or 
unconformable or disconformable with a range of younger 
units. A Proterozoic palaeoregolith that features karstic 
alteration and weathering is commonly associated with the 
unconformity (Jackson et al 1987, Haines et al 1993, Pietsch 
et al 1991). The formation is 30–350 m thick and comprises 
locally stromatolitic and evaporitic dolomudstone, silty 
dolomudstone, minor sandy dolostone, shale and local 
dolostone breccia. Brown et al (1969) interpreted a mostly 
marine environment of deposition that included relatively 
deep-water settings, shallow subtidal pools, lagoons and 
tidal channels. In contrast, Jackson et al (1987) interpreted 
the depositional setting to have been very shallow-water to 
emergent conditions that included small bodies of standing 
water (lakes, ponds, lagoons) at or near the prevailing 
regional groundwater table. 

The conventional reservoir potential of the Reward 
Formation was assessed as fair to poor by Dorrins and 
Womer (1983) and Powell et al (1987). However, its 
unconventional potential, along with that of the overlying 
Lynott Formation, was demonstrated by gas flows and 
shows in both units in drillhole Cow Lagoon-1 in the 
northern part of the Batten Fault Zone (Armour 2012a, b). 
Gas was recovered from indeterminate zones from between 
342 m and 540 m depth in the Reward Dolostone, and gas 

influxes and flares were observed and continued from 
the two formations up to 15 days after they were drilled. 
Image logs indicated porosity responses in conjunction 
with natural fracturing within both formations. Drillhole 
Kilgour North-1 also discovered reservoir-quality porous 
and permeable units in the Reward Dolostone and Lynott 
Formation. Gas and oil shows indicate a primary charge of 
these reservoirs, but subsequent water inflows have flushed 
out and oxidised the hydrocarbons (Armour 2012a). 

Lynott Formation

The Lynott Formation is described above under Source 
rock units. It was regarded as having no conventional 
reservoir potential by Dorrins and Womer (1983), but 
its unconventional potential has been demonstrated by 
numerous hydrocarbon shows: fluorescence and bitumen 
were reported from the probable upper Lynott Formation 
by Amoco (1981); bitumen and dead oil were recorded from 
interbedded shale and sandy dolostone in the middle Lynott 
Formation in drillhole Amoco 82-5 (Amoco 1983); and oil 
was reported from an unidentified base metals exploration 
drillhole in the Glyde area (Powell et al 1987). Good 
hydrocarbon shows were also reported from the formation 
in drillholes Cow Lagoon-1 and Kilgour North-1 in the 
northern part of the Batten Fault Zone (Armour 2012a, b, 
see above), and in Lamont Pass-3 in the Glyde Sub-basin 
to the south (Armour 2013d). Lamont Pass-3 encountered 
oil shows, and background and connection gases, at various 
levels, including hydrocarbon cut and fluorescence in the 
lower Lynott Formation. These shows indicate a potential 
for shale oil as well as gas in this area. 

Yalco Formation

The Yalco Formation is described above under Source rock 
units. Conventional reservoir quality in this formation 
was assessed by Dorrins and Womer (1983) as being fair 
to poor. They measured the porosity and permeability 
of a number of core samples, and reported that primary 
porosity and permeability are nil, due to infilling of pore 
spaces with quartz and late-stage dolomite cements. 
However, secondary porosity is provided by vuggy zones 
developed below local unconformities within the unit. In 
these zones, porosity ranges from 0.8% to 18.0%, with an 
average of 7.1%, and permeability ranges from less than 
0.0001 mD to 1792 mD, with an average of 137.1 mD 
(reducing to 9.8 mD if the single highest value of 1792 mD 
is not included). Solution of the dolomitic framework 
has occurred along fractures, forming highly porous and 
permeable zones up to 20 m thick. Some hydrocarbon 
shows have been reported from the formation (Dorrins and 
Womer 1983, Powell et al 1987). Bitumen and fluorescence 
occur within a 30 m-thick interval of vuggy stromatolitic 
dolostone in the upper part of the formation in drillhole 
Amoco 82-6 and throughout most of the 120 m-thick 
formation in Amoco 82-7. Petrographic studies (Womer 
1986) indicated that the hydrocarbons were emplaced 
after some of the pore spaces were occluded by authigenic 
quartz, but before or at the same time as the emplacement 
of secondary dolomite cements. 
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Stretton Sandstone

The Stretton Sandstone (Jackson et al 1987; McArthur 
Group, Batten Subgroup) has a similar distribution to other 
units of the Batten Subgroup, within and probably to the east 
(Rawlings et al 2004) and west of the Batten Fault Zone. It 
is generally conformable between the Yalco and Looking 
Glass formations but, in places, the upper part of the unit 
has been removed by erosion and the lower part is overlain 
by the Amos Formation and a variety of younger rocks. In 
these areas, the remaining beds of the unit are commonly 
intensely silicified. The formation is <5–270 m thick, 
depending on the level of erosion, and comprises flaggy, 
very fine- to medium-grained quartz sandstone and minor 
micaceous siltstone. Local conglomerate-breccia wedges 
are developed within the formation adjacent to active fault 
scarps, such as the Emu Fault Zone (Jackson et al 1987). 
The presence of glauconite and sedimentary structures 
indicates a shallow-marine to sub-wave-base depositional 
environment (Jackson et al 1987, Haines et al 1993). 

Dorrins and Womer (1983) assessed the conventional 
reservoir quality in this formation as being highly 
variable, ranging from fair to good, with the best potential 
being within the coarse conglomerate facies. Primary 
intergranular porosity is present and ranges from 5.2% to 
16.4%, averaging 9.5%, whereas permeability ranges from 
0.00047 mD to 122.7 mD, averaging 27.0 mD. Abundant 
bitumen is present within a moderately well preserved pore 
network in conglomeratic facies of the formation in Amoco 
82-6 (Womer 1986).

Looking Glass Formation

The Looking Glass Formation (Jackson et al 1987; McArthur 
Group, Batten Subgroup) has a similar distribution to other 
units of the Batten Subgroup, within and probably to the 
east (Rawlings et al 2004) and west of the Batten Fault 
Zone. It is conformable on the Stretton Sandstone and is 
overlain, probably disconformably, by the Amos Formation. 
The formation is 30–70 m thick, but this is a minimum 
original depositional thickness, as the top is erosional. 
It comprises intensely silicified stromatolitic dolostone, 
sandy dolomudstone, sandy dolostone and dolomitic quartz 
sandstone, with thin intervals of intraclastic conglomerate. 
The predominance of stromatolitic carbonate rocks suggests 
a lacustrine or peritidal shallow-marine environment of 
deposition (Jackson et al 1987, Pietsch et al 1991).

Dorrins and Womer (1983) rated the reservoir quality 
of the Looking Glass Formation to be fair to poor. They 
reported that porosity is variable and secondary, and 
appears to have resulted from the dissolution of dolomite 
and chert in a shallow palaeo-weathering zone that probably 
developed during the formation of the disconformity at the 
top of the unit. Secondary porosity was believed to have 
originally been much greater, but was subsequently reduced 
by the formation of quartz and later dolomite pore-filling 
cements that, in most cases, have completely occluded 
all pore space. A sample of the formation from drillhole 
Amoco 82-7 had a porosity of 8.2% and permeability of 
0.013 mD (Dorrins and Womer 1983). The capacity of the 
formation to potentially reservoir hydrocarbons is indicated 

by the presence of bitumen and oil shows in irregular vugs, 
microfaults and stylolites in drillholes BMR Bauhinia 
Downs-4 (Muir et al 1980a) and Amoco 82-7 (Womer 
1986). In both cases, the hydrocarbons were apparently 
trapped at the disconformity at the top of the unit, which 
is overlain by an impermeable claystone seal (Powell et al 
1987). Petrographic relationships indicate that the migration 
of hydrocarbons occurred after some of the vuggy porosity 
was occluded by sparry dolomite, but bitumen also seems 
to have locally prevented the diagenetic re-cementation of 
the formation (Dorrins and Womer 1983, Womer 1986). 
This was interpreted to indicate that the hydrocarbons 
were degraded to immobile bitumen before much of the 
secondary sparry dolomite was deposited. If hydrocarbon-
saturated reservoirs exist, most of these sparry dolomites 
probably would not have developed and reservoir properties 
would therefore be enhanced (Dorrins and Womer 1983).

Balbirini Dolostone

The Balbirini Dolostone (Jackson et al 1987; Nathan 
Group) is exposed intermittently through the western 
half of the southern portion of the McArthur Basin, 
including the Batten Fault Zone. It gradationally overlies 
the Smythe Sandstone and is conformably overlain by 
the Dungaminnie Formation, or where this is absent, is 
unconformably overlain by the Roper Group. The formation 
is a thick (up to 1500 m) dolostone unit, consisting mainly 
of sandy dolostone, dolomudstone and dolomitic shale, 
minor intraclastic breccia, silicified ooid dolostone, 
dolomitic sandstone, dolomitic siltstone and potassium-rich 
mudstone. A shallow-water to emergent continental playa 
or sabkha environment was proposed for the formation by 
Jackson et al (1987). On the basis of a statistical overlap 
between SHRIMP zircon ages of the lower part of the 
Balbirini Dolostone and the Amos Formation, Rawlings 
(1999) suggested that the lower part of the Balbirini 
Dolostone may be actually part of the McArthur Group, and 
that a major unconformity might occur within the Nathan 
Group. However, a distinct regional unconformity is also 
recognised between these two groups, as presently defined. 
The nature of the stratigraphic relationship between these 
units remains unclear.

Dorrins and Womer (1983) regarded the Balbirini 
Dolostone to be a fair to poor potential reservoir, based on 
observations from core descriptions. They speculated that 
there may be local unconformities preserved within this 
unit that have associated zones of secondary porosity, as 
in the underlying Yalco and Looking Glass formations, 
and concluded that if such porous zones were protected 
from diagenetic effects, it may allow for the preservation 
of sufficient reservoir quality to enable this unit to be 
considered as a secondary reservoir target. 

Hodgson Sandstone

The Hodgson Sandstone (Abbott et al 2001, after Dunn 
1963a, b, c; Roper Group, Collara Subgroup) is widely 
distributed throughout the western part of the McArthur 
Basin from MOUNT MARUMBA (Sweet et al 1999) in 
the northeast to BAUHINIA DOWNS (Pietsch et al 1991) 
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in the south. In the Abner Range (southern BAUHINIA 
DOWNS), the unit is difficult to distinguish from other 
sandstones of the subgroup, and the overall undifferentiated 
succession is known as the Abner Sandstone. The formation 
has not been penetrated by wells in the Beetaloo Sub-basin, 
and its distribution within that depocentre is uncertain. The 
Hodgson Sandstone is conformable and gradational on the 
underlying Jalboi Formation and is disconformably overlain 
by the Munyi Member of the Corcoran Formation (Haines 
et al 1993). It is 30–130 m thick and is a strongly jointed, 
trough cross-bedded or ripple-marked, fine to coarse 
quartz sandstone that shows an overall coarsening-upwards 
tendency. A high-energy very shallow-marine to intertidal 
environment of deposition has been interpreted for the unit 
(Pietsch et al 1991, Haines et al 1993, Sweet et al 1999).

The Hodgson Sandstone and other units of the Collara 
Subgroup have not received much attention by explorers 
since the 1980s, with recent exploration campaigns in the 
Beetaloo Sub-basin being focused on the less deeply buried 
Maiwok Subgroup. Dorrins and Womer (1983) reported 
very good reservoir properties for the formation and 
regarded it as being one of the best potential reservoirs in 
the Roper Group. However, it was less favourably regarded 
as being only a fair potential reservoir by Sweet and Jackson 
(1986) and Powell et al (1987), because of wide variations 
in porosity and permeability. Dorrins and Womer (1983) 
reported very good reservoir properties in the upper 85 m 
of the formation in drillhole Amoco 82-3, with porosities in 
the range 10.1–13.4% (average 12.2%), and permeabilities 
in the range 68.7–1200 mD (average 425 mD). Below this 
level, the formation displays much poorer reservoir quality, 
with porosities in the range 7.3–14.0% (average 10.5%), and 
permeabilities in the range 0.035–1.8 mD (average 0.8 mD). 
They considered the upper interval of enhanced porosity-
permeability to be partly the result of a weathering profile 
and partly a reflection of finer grain size and a greater 
clay component at deeper levels. Reservoir quality within 
the unit has also been reduced by the effects of diagenetic 
processes, including the growth of authigenic quartz 
and other minerals. Sweet and Jackson (1986) indicated 
a relatively low porosity and permeability for the unit in 
BMR Urapunga-5, but reported some thin zones that were 
more porous. Overall, this formation might constitute 
a worthwhile secondary reservoir target in shallower 

areas around the margins of the Beetaloo Sub-basin and 
elsewhere, but it is likely to be overmature in more deeply 
buried areas of the Beetaloo Sub-basin.

Bessie Creek Sandstone

The Bessie Creek Sandstone after (Abbott et al 2001, after 
Dunn 1963a; Roper Group, Maiwok Subgroup) is widely 
distributed through the southern portion of the McArthur 
Basin, and also occurs to the northwest in MOUNT 
MARUMBA (Sweet et al 1999), where it is considerably 
thinner. The formation has been penetrated in Walton-2 
and Altree-2 on the northern margin of the Beetaloo Sub-
basin and is interpreted to be present in more deeply buried 
areas. It is generally disconformable on the Corcoran 
Formation, although Abbott and Sweet (2001) reported 
a gradational contact, and is conformably overlain by the 
Velkerri Formation. The Bessie Creek Sandstone thickens 
southward and towards the Beetaloo Sub-basin from less 
than 20 m thick in URAPUNGA to a maximum measured 
intersection of 442 m in Altree-2 (Torkington et al 1988). 
The formation consists of thinly to medium bedded, fine- 
to medium-grained, locally coarse and granule-rich quartz 
sandstone (Figure 27), with common trough cross-strata 
and straight-crested symmetric ripples. Mudstone partings 
and intraclast horizons have been observed in drill core 
(Abbott et al 2001). Sweet (1986) and Abbott and Sweet 
(2000) interpreted the environment of deposition to have 
been a tide-dominated shoreline.

The formation has potential as both a conventional oil/gas 
reservoir at shallow–moderate depths, such as the margins of 
the Beetaloo Sub-basin and other relatively shallow areas of 
the McArthur Basin, and as an unconventional reservoir for 
basin-centred gas in deeper parts of the Beetaloo Sub-basin. 
The oil potential of the formation is demonstrated by the 
presence of oil shows in several wells. For example, Amoco 
(1985) reported traces of oil and weak fluorescence throughout 
a 100 m-thick interval of the formation in Broadmere-1; 
minor oil stains were reported from thin zones near the top 
of the formation in BMR Urapunga-4 (Sweet and Jackson 
1986); and minor oil bleeds were reported from the top of 
the formation in Altree-2 (Torkington et al 1988). Silverman 
et al (2007) noted that the presence of pore-filling bitumen in 
some intervals in drillholes in the McArthur Basin indicates 
that the sandstone retained good porosity prior to and during 
the generation and migration of hydrocarbons, and that it 
received a good hydrocarbon charge. Dorrins and Womer 
(1983) reported that the porosity of the formation in drillhole 
Amoco 82-8 is in the range 4.3–21.8% (average 9.6%), and that 
permeability is in the range 0.25–3594 mD (average 111 mD, 
discounting a single anomalously high sample). Lanigan et al 
(1994) reported porosities up to 14% and permeabilities up to 
50 mD. Reductions of initial porosity within the formation in 
Amoco 82-8 were reported by Dorrins and Womer (1983) to 
be due to the diagenetic deposition of quartz and clay minerals 
in pore spaces. Compaction and pressure solution are also 
expected to be detrimental to reservoir properties in more 
deeply buried sections (Lanigan et al 1994). In the deeper 
areas of the Beetaloo Sub-basin (>1500 m), where source 
rocks are in the gas window and diagenetic effects are likely 
to be greatest, the Bessie Creek Sandstone has potential as 

Figure 27. Cross-bedded Bessie Creek Sandstone with residual 
oil staining in core from Altree-2 (after Silverman and Ahlbrandt 
2011). 
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an unconventional, indirect, underpressured, basin-centred 
gas accumulation (BCGA, Silverman et al 2007, Figure 28). 
Such accumulations typically exhibit low permeability, 
abnormal pressure (low or high), gas saturation, and absence 
of a down-dip water contact (Law 2002).

Velkerri Formation

The Velkerri Formation is described above under Source 
rock units. This important source rock also has potential 
to reservoir unconventional and possibly conventional 
hydrocarbons. Limited conventional potential might be 
supplied by the presence of thin sandstone intervals within 
the formation, the cumulative thickness of which may 
be sufficient to reservoir some hydrocarbons, provided 
porosity and permeability are sufficiently high (Lanigan 
et al 1994). Of considerably more significance is this 
formation’s potential to reservoir unconventional oil and gas, 
particularly in the organic-rich middle part of the unit. The 
formation generally has very low porosity and extremely 
low permeability (consistently below the 0.01 mD detection 
limit), so it still retains a significant fraction of its generated 
hydrocarbons (Warren et al 1998). It is prospective as an 
shale oil play, where it is within the oil window at depths 
in the range ca 350–1500 m, around the margins of the 
Beetaloo Sub-Basin (Law et al 2010, Figure 25c) and 
probably in other areas of the McArthur Basin. Within the 
sub-basin, this prospective area constitutes an area in excess 
of 12 500 km2. In deeper parts of the sub-basin, below 
1500 m depth, the formation is in the gas window and is 
prospective as a basin-centred shale gas play. Commercial 
production of these resources would probably be dependent 
on horizontal drilling and reservoir stimulation.

Moroak Sandstone

The Moroak Sandstone (Abbott et al 2001, after Dunn 1963c; 
Roper Group, Maiwok Subgroup) is widely distributed 
through the southwestern and southern portions of the 
McArthur Basin, where it is preserved in several erosional 
or structural sub-basins. The formation varies considerably 
in thickness: it is just 2.5 m thick in BMR Urapunga-4 
(Sweet and Jackson 1986); 6 m in the type section at Mount 
McMinn (Jackson et al 1986); 57 m in Jamison-1 (Lanigan 
and Torkington 1991); and 152 m in Amoco 82-1 (Dorrins 
and Womer 1983), but thickens considerably into the 
Beetaloo Sub-basin to a maximum of 485 m in Shenandoah-
1A (Hoyer et al 2012, Figure 23). The unit is disconformable 
on the Velkerri Formation with a generally sharp erosive 
contact. It is overlain in the north by the Sherwin Formation 
with a gradational and apparently laterally interfingering 
contact (Abbott and Sweet 2001); however, in the south and 
in the Beetaloo Sub-basin, the Sherwin Formation is absent 
and the Moroak Sandstone is overlain conformably by 
the Kyalla Formation, or unconformably by younger units 
(eg by Cambrian Kalkarindji Suite volcanics in Altree-1; 
Torkington et al 1988). The formation consists of cross-
bedded fine- to coarse-grained quartz sandstone with minor 
granule-rich or conglomeratic layers in places, particularly 
towards the base (Figure 29). There is some lateral variation 
in grain size; Abbott and Sweet (2001) described the unit as 

being mostly medium- to fine-grained, but it is medium- 
to coarse-grained in Jamison-1 (Lanigan and Torkington 
1991) and fine- to very coarse-grained in Chanin-1 (Hibbird 
1993a). Minor shale laminations occur within the sandstone 
in Shenandoah-1A (RPS 2013). A tide-dominated shoreline 
environment of deposition was interpreted for the unit by 
Abbott and Sweet (2000) and Jackson et al (1986), with some 
evidence of periodic subaerial exposure in places (Pietsch 
et al 1991). However, Silverman et al (2007) suggested that 
the Moroak Sandstone is a lateral equivalent of the upper 
Velkerri Formation shale, and that this succession reflected 
a basin-wide deltaic progradation and an up-section increase 
in depositional environmental energy, possibly as a result 
of regional deltaic progradation. Gorter and Grey (2012a) 
suggested that the Moroak Sandstone represented coarse 
clastic rocks, derived from rising mountains in the present-
day south, that prograded into a developing foredeep to the 

Figure 28. Maturity maps showing prospective areas of Beetaloo 
Sub-basin for Bessie Creek and Moroak sandstones basin-centred 
gas accumulations (slightly modified after RPS 2013).
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Figure 29. Moroak Sandstone with residual oil staining (arrowed) 
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100 km0 50

petroleum well

Moroak Sandstone

Bessie Creek Sandstone

A1
4-

02
7.

ai

Elliott-1

Shortland-1

Walton-2
McManus-1

Altree-2

Balmain-1
Jamison-1
Moroak

Chanin-1 Ronald-1 Burdo-1

Elliott-1

-17°

-16°

-18°

133° 134° 135°

Shenandoah-1, -1A

Beetaloo Sub-basin
(minimum extent)

Beetaloo Sub-basin (from 
Silverman and Ahlbrandt 2011)



38

present-day north where finer-grained sediments (upper 
Velkerri Formation) accumulated.

The Moroak Sandstone occurs between two significant 
source units, the Velkerri Formation (below) and the Kyalla 
Formation (above); the latter unit also has potential to act 
as a regional seal for this unit. Like the older Bessie Creek 
Sandstone, this formation has potential as a conventional oil/
gas reservoir at shallow–moderate depths, such as the margins 
of the Beetaloo Sub-basin and other relatively shallow areas 
of the McArthur Basin, and as an unconventional reservoir for 
basin-centred gas in deeper parts (>1500 m) of the Beetaloo 
Sub-basin (Figure 28). Evidence of migration within the unit 
includes the presence of bitumen and oil stains in very coarse-
grained facies in BMR Urapunga-4 (Sweet and Jackson 1986), 
and the presence of bitumen in large clots and intergranular 
pore-fillings in the upper and lower parts of the unit (formerly 
named ‘Broadmere Sandstone member’) in Amoco 82-1 
(Amoco 1983). In Shenandoah-1A in the deeper area of 
the Beetaloo Sub-basin, subtle to modest mud gas shows 
occurred throughout the Moroak Sandstone, but this interval 
did not flow any gas as a consequence of poor permeability 
(RPS 2013). Measured porosity-permeability is variable 
within the unit. Lanigan et al (1994) reported porosities in 
the range 5–15%, and occasionally up to 17%, but porosity is 
much reduced in deeper areas of the basin and was described 
as being low in Shenandoah-1A (RPS 2013), probably due to 
the presence of secondary, pore-filling anhydrite and silica 
cements. In shallower areas of the basin, permeabilities are 
mostly less than a few millidarcies, but have been measured 
in the range <0.01–>100 mD (Falcon 2009, Silverman and 
Ahlbrandt 2011). However, in Shenandoah-1A in the deeper 
part of the basin, permeability, like porosity, is much reduced 
and was reported by RPS (2013) to be very low (0.000913 mD 
and 0.0829 mD) in two measurements. 

Kyalla Formation

The Kyalla Formation is described above under Source rock 
units. Similar to the Velkerri Formation, this source rock 
also has potential to reservoir unconventional and possibly 
conventional hydrocarbons. The limited conventional 
potential is supplied by the cumulative thickness of more-
porous sandstone intervals within the formation that 
are individually up to 70 m thick (Lanigan et al 1994). 
Unconventional potential is for both shale oil and shale gas. 
Porosity and permeability in this formation are generally 
very low. For example, the average porosity for samples 
from the formation in Shenandoah-1A is 0.075% (Law et al 
(2010) and RPS (2013) reported a very low permeability of 
0.00219 mD for a sample from the lower part of the formation 
in the same well. The upper part of the formation is above 
1500 m and therefore in the oil window in all wells that 
penetrate the formation. The lower part of the formation is 
also in the oil window at depths in the range ca 350–1500 m, 
around the margins of the Beetaloo Sub-basin (Law et al 
2010, Figure 25a, b) and probably in other areas of the 
McArthur Basin. Silverman and Ahlbrandt (2011) estimated 
that the total area with unconventional shale oil potential 
within the Beetaloo Sub-basin was about 4.4 million net 
acres (17 800 km2) for the upper Kyalla Formation and about 
3.7 million net acres (15 000 km2) for the lower part of the 

formation (above 1500 m). In deeper parts of the sub-basin, 
below 1500 m depth, the formation is in the gas window and 
is prospective for basin-centred shale gas. Falcon (2009) 
estimated the total area of this play to be over 1000 km2. 
Commercial production of these resources would probably be 
dependent on horizontal drilling and reservoir stimulation.

Jamison sandstone

The Jamison sandstone (see Lanigan et al 1994, ungrouped) 
is the lower of two informally named units overlying 
the Roper Group succession in the Beetaloo Sub-basin, 
the other being the Hayfield mudstone (see below). The 
transitional conformable Jamison–Hayfield succession 
is unconformable on the various units of the Maiwok 
Subgroup ranging from the Velkerri Formation to the Kyalla 
Formation. Both units are truncated by Neoproterozoic–
early Cambrian sedimentary and volcanic rocks, and 
this confirms their Proterozoic age. Lanigan et al (1994) 
regarded these units as being younger than the Roper Group 
and possibly of Neoproterozoic age, but the evidence for this 
is not compelling, and Abbott et al (2001) suggested that 
they might be better assigned to the Bukalorkmi Sandstone 
and Chambers River Formation of the Roper Group, which 
occur to the north of the sub-basin. In Jamison-1, these 
names were used by Lanigan and Torkington (1991) for the 
467 m-thick interval between the Kyalla Formation and 
Bukalara Sandstone. Gorter and Grey (2012b) reported that 
the Bukalorkmi Sandstone in Jamison-1 and other wells 
in the sub-basin comprises two regionally correlatable 
lithofacies with a possible unconformity between them, 
and suggested that the names Bukalorkmi Sandstone 
and Jamison sandstone might be used respectively for 
these lower and upper intervals. They also used the name 
Chambers River Formation for the overlying mudstone-
dominated interval and suggested that the name ‘Hayfield’ 
might be best restricted to a relatively thin sandstone unit 
near the base of this formation; in effect, this would make 
the ‘Hayfield sandstone’ a member of the Chambers River 
Formation. The term ‘Hayfield sands/sandstone’ has also 
been used by some explorers (eg Menpes 1993a, b, Hoyer 
et al 2012) for this sandy interval within a broader ‘Hayfield 
mudstone’ unit. More work is clearly needed to clarify the 
confusing nomenclature and affinities of this part of the 
succession; for the time being, the nomenclature as defined 
by Lanigan et al (1994), which is currently in widespread 
use by explorers in the sub-basin, is followed herein. 

The Jamison sandstone is a commonly argillaceous, 
very fine to coarse, structureless to cross-bedded quartz 
sandstone, containing minor mudstone-rich interbeds, and 
is often conglomeratic at the base (Lanigan et al 1994, 
Abbott et al 2001). It ranges from 73 m thick in Chanin-1 
(Hibbird 1993a) to 162 m thick in Burdo-1 (Hibbird 1993b), 
but is absent (presumably eroded) in some wells along the 
northern margin of the sub-basin (eg Altree-2, Walton-2). 
In the deeper areas of the sub-basin, it is 82 m thick in 
Shenandoah-1A (Hoyer et al 2012, Figure 23) and 98 m thick 
in Jamison-1 (described as Bukalorkmi Sandstone; Lanigan 
and Torkington 1991). The depositional environment for 
this unit is not clear. Gorter and Grey (2012b) speculated 
that the interval they identified as Bukalorkmi Sandstone 
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overlain by Jamison sandstone in Jamison-1 [Bukalorkmi 
Sandstone of Lanigan and Torkington (1991)] might 
represent a basal glacial diamictite, overlain by possible 
fluvial sandstones that fine upward in a transgressive 
systems tract. The presence of hummocky cross-bedding, 
interpreted in some wells, and synaeresis cracks attests to 
storm deposition and fluctuating salinities, perhaps related 
to seasonal run-off changes. 

The presence of migrated hydrocarbons within the 
Jamison sandstone is demonstrated by a number of shows: 
these include fluorescence and cuttings gas at the base of 
the unit in Chanin-1 (Hibbird 1993a); oil shows in Burdo-1 
(Hibbird 1993b); and gas-cut water, small flows of gas and 
oil shows in Jamison-1 (Lanigan and Torkington 1991). 
Reservoir properties appear to be best in the upper 50 m of 
the unit (Silverman et al 2007). Porosities range from <5% 
to >15% and permeabilities are in the range 0.01–121 mD 
(Silverman et al 2007, Falcon 2009, Silverman and Ahlbrandt 
2011). The Jamison sandstone mostly occurs at depths of 
500–900 m in the Beetaloo Sub-basin area, but is within 
200 m of the surface near the sub-basin’s margins (Lanigan 
et al 1994, Falcon 2009). The formation is regarded as one of 
the more important potential conventional reservoirs in this 
area, as it possesses good reservoir properties, overlies a good 
potential source rock (Kyalla Formation) and is overlain by a 
good sealing rock (Hayfield mudstone). Where it is found in 
an appropriate trap geometry, and where hydrocarbon charge 
has preceded diagenetic carbonate and silica cementation of 
pore space and throats, it constitutes a major economic target 
in the sub-basin (Silverman et al 2007). 

Hayfield mudstone

The Hayfield mudstone (see Lanigan et al 1994, ungrouped) 
is the upper of two informally named units overlying the 
Roper Group succession in the Beetaloo Sub-basin, the 
other being the Jamison sandstone. See above under 
Jamison sandstone for a discussion of the nomenclature, 
possible stratigraphic affinities and geographic distribution 
of these units. As described by Lanigan et al (1994), the 
Hayfield mudstone consists, commonly, of silty mudstone 
with subordinate interbedded/laminated siltstone to fine 
sandstone that form four broadly upward-fining cycles. 
Sandstone is more common towards the base of the unit and 
has been targeted as a potential conventional reservoir in 
a number of exploration wells. The formation is truncated 
or absent in some wells towards the margins of the sub-
basin in the south (eg Elliot-1) and north (eg Altree-2 
and Walton-2). Drill intersections of the unit range from 
133 m thick in Burdo-1 (Hibbird 1993b) and 253 m thick 
in Chanin-1 (Hibbird 1993a) on the margins of the sub-
basin to about 450 m thick in wells in deeper areas, such 
as Balmain-1 (Menpes 1993a) and Shenandoah-1A (Hoyer 
et al 2012, Figure 23). The thin sandstone-rich interval 
and potential target reservoir is about 60 m above the base 
of the mudstone (Silverman et al 2007) and is generally 
<10 m thick, but reaches a maximum of about 18 m thick 
in Ronald-1 (Menpes 1993b). It consists of thinly bedded, 
very fine- to fine-grained quartz sandstone that may be 
interbedded/interlaminated with siltstone and claystone. 
Gorter and Grey (2012a) suggested a transgressive 

environment of deposition for this unit, in a shallow-marine 
shelf setting under cold, possibly glacial conditions. 

Numerous hydrocarbon shows have been reported from 
the Hayfield mudstone and are indicative of migration. 
These include: common fluorescence and oil bleeds in 
fractures and siltstone, and an oil show from the sandstone 
interval in Balmain-1 (Menpes 1993a); fluorescence and 
minor gas shows from the sandstone intervals in Jamison-1 
(Lanigan and Torkington 1991), Mason-1 (Torkington and 
Derrington 1992) and Shortland-1 (Hibbird and Slater 
1993); and fluorescence and oil shows from the sandstone 
interval in Shenandoah-1A (Falcon 2009, Hoyer et al 2012). 
Lanigan et al (1994) reported porosity of up to 16% and 
permeability of almost 300 mD from Hayfield mudstone 
sandstones. The primary potential economic significance 
of the Hayfield mudstone would be to act as a seal for the 
underlying Jamison sandstone, but the sandstone interval 
within it might constitute a prospective secondary reservoir 
target in an appropriate trap configuration. The formation 
is mature for oil in all wells where it has been intersected.

Bukalara Sandstone

The Bukalara Sandstone (Dunn 1963a, Kiana Group) 
is the basal Neoproterozoic formation of the Georgina 
Basin, which overlies the western and southern McArthur 
Basin. A brief summary of this unit is included here as 
any petroleum charge reservoired by the unit would 
most likely have been sourced from Roper Group rocks, 
in which case the formation would be best included as 
part of a Roper Group petroleum system. The Bukalara 
Sandstone is unconformable on various units of the 
Roper Group, and is overlain unconformably by the early 
Cambrian Helen Springs Volcanics (Kalkarindji Suite) of 
the Kalkarindji Province, and conformably by the fine-
grained Cox Formation, both of which might have some 
potential to act as a seal to any petroleum accumulation. 
The formation reaches a maximum thickness of about 
300 m in BAUHINIA DOWNS and consists of fine- 
to very coarse-grained, quartz, feldspathic and lithic 
sandstone, and minor interbedded pebble conglomerate, 
cobble conglomerate and shale (Kruse et al 2013, 
Figure 30). A high-energy, braided fluviatile to shallow-

Figure 30. Bukalara Sandstone. Cobble conglomerate and planar 
stratified coarse-grained lithic sandstone from lower part of 
formation (after Rawlings et al 2008).
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marine depositional environment has been interpreted for 
the unit (Rawlings 2004).

The Bukalara Sandstone is generally regarded as having 
very good reservoir properties. Porosities of 19–24% and 
permeabilities in the range 50–1000 mD were reported for 
the formation by Lanigan et al (1994), who referred to it 
as ‘Cambrian Sandstone’, and Lanigan and Torkington 
(1991) described excellent porosities and permeabilities for 
the Bukalara (?) Sandstone in Jamison-1. The presence of 
migrated hydrocarbons in the formation is demonstrated 
by good shows in drillhole Walton-1. These were described 
by Lanigan and Ledlie (1990b) as “pin-point black bitumen 
staining and patchy dull gold fluorescence which increased 
in abundance and intensity to spotty light brown oil stains/
bleeds and bright gold fluorescence with a streaming straw 
yellow cut and strong hydrocarbon odour at the base of 
the formation”. It is significant that the upper part of the 
Maiwok Subgroup above the middle Velkerri Formation 
is missing in this well, so that the Bukalara Sandstone 
directly overlies this excellent source rock. This shows that 
the Bukalara Sandstone has the potential to be a very good 
reservoir in an appropriate trap configuration, provided a 
migration pathway and effective sealing rocks are present.

SealS

The following brief summary of potential seals within the 
McArthur Basin and immediately overlying successions has 
been compiled from various sources, and more details can 
be found above in the discussions of individual formations 
under Source rock units and reservoir rock units. 

Traditional concepts of a seal being an impermeable 
cap rock or other type of physical barrier that prevents 
hydrocarbons from further upward migration are not readily 
applicable to unconventional accumulations, which occur 
in units that act as source, reservoir and seal. Formations 
of the McArthur Basin that can be classified as potential 
unconventional reservoirs include the McDermott and 
Wollogorang formations of the Tawallah Group; the Barney 
Creek Formation, Reward Dolostone and Lynott Formation 
(particularly Caranbirini Member) of the McArthur Group; 
and the Bessie Creek Sandstone, Velkerri Formation, 
Moroak Sandstone and Kyalla Formation of the Roper 
Group. 

Seals for conventional reservoirs within the basin 
and overlying successions are potentially provided by 
impervious overlying units, impervious intraformational 
rock layers, or faults. These enable a wide variety of 
possible plays. Potential top seals involve a range of rock 
types including fine-grained clastic rocks, well cemented 
coarser clastic rocks and diagenetically altered carbonate 
rocks. Regional seals tend to be relatively thick and uniform 
in composition, and are laterally continuous over large 
areas. Intraformational seals are also significant and allow 
for stacked plays, even within the one unit. The following 
possible target reservoir–seal couplets are present within 
the succession:

•	 Barney Creek Formation (source and regional seal) 
over Coxco Dolostone Member of Teena Dolostone 
(reservoir).

•	 Caranbirini Member of Lynott Formation (regional seal 
and possible source) over Reward Dolostone (reservoir).

•	 Intraformational seals above local disconformities/
unconformities above zones of secondary porosity/
permeability (reservoirs) in Yalco Formation, Looking 
Glass Formation, Balbirini Dolostone, and other units 
where primary porosity/permeability has been occluded 
by diagenesis.

•	 Intraformational seals of fine-grained clastic rocks 
above coarser-grained clastic facies in Stretton 
Sandstone, Velkerri Formation, Kyalla Formation, 
Hayfield mudstone and possibly other units.

•	 Corcoran Formation (regional seal) over Hodgson 
Sandstone (reservoir).

•	 Velkerri Formation (source and regional seal) over 
Bessie Creek Sandstone (reservoir).

•	 Kyalla Formation (regional seal and possible source) 
over Moroak Sandstone (reservoir).

•	 Hayfield mudstone (regional seal) over Jamison 
sandstone (reservoir).

•	 Helen Springs Volcanics (Kalkarindji Suite)/Cox 
Formation (regional seals) over Bukalara Sandstone 
(reservoir).

Although the McArthur Basin is relatively unstructured 
for its Proterozoic age, most parts of it, including the 
Beetaloo Sub-basin, have been affected by faults at both 
small and large scales. Faulting has been most intense in the 
Urapunga, Walker and Batten fault zones (see Structure 
and tectonic history). These fault zones contain thrusts, 
strike-slip faults and growth faults that could exhibit 
either sealing or leaking characteristics, depending upon 
fault geometry, the relative juxtaposition of lithologies in 
hangingwalls and footwalls, the types of lithologies that 
have been faulted, and the history of reactivation. A variety 
of fault–seal configurations are possible. For example, large 
faults with appreciable displacements (eg thrusts) might 
have juxtaposed reservoirs against sealing rocks, so as to 
form 3-way dip closures, and small-displacement faults 
might have juxtaposed reservoirs against intraformational 
seals, so as to form local seals or barriers to fluid flow. 
Large faults also might form lateral seals for reservoirs in 
coarse clastic facies that have been shed from fault scarps 
(eg in Stretton Sandstone). 

Larger-scale faults are likely to exhibit a different 
sealing behaviour in the carbonate-dominated McArthur 
Group, in comparison to the clastic-dominated Roper 
Group. For example, carbonate reservoirs commonly 
lack mobile clays and are often naturally fractured, so 
it is less likely that faults through these reservoirs will 
exhibit secondary fault-rock (as opposed to primary 
juxtaposition) sealing characteristics (see Warburton et al 
2005: appendix 7). Such faults might therefore breach a 
carbonate reservoir, or form conduits for hydrocarbons 
from deeper source kitchens into shallower reservoirs. 
On the other hand, major faults through the Roper Group 
(eg Kalala Structure; see Falcon 2009) are more likely to 
have good secondary sealing characteristics, due to the 
formation of clay-rich fault rock and other factors, such 
as diagenetic (cementing) and grain reduction processes 
within the fault plane. 
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It is also evident that some major faults in the McArthur 
Basin have experienced at least two and perhaps more periods 
of fault activity, and it is possible that this reactivation may 
have affected the integrity of some fault seals. For example, 
the Emu Fault Zone experienced sinistral movement in 
middle McArthur Group times, but was later reactivated 
with a dextral sense of movement in post-Roper Group times 
(Rawlings et al 2004, see Structure and tectonic history). 
This reversal of the stress regime along the fault zone is likely 
to have had an effect on its sealing characteristics, and this 
should be taken into account when evaluating petroleum 
prospects in the vicinity of such structures. 

petroleum SyStemS

The McArthur Basin contains elements of two Proterozoic 
petroleum supersystems. Petroleum occurrences in the 
McArthur and Nathan groups are included within the 
McArthur Supersystem of Bradshaw et al (1994), whereas 
those of the Roper Group are included in the Urapungan 
Supersystem of Bradshaw (1993) and Bradshaw et al (1994). 
Hydrocarbon shows in the McDermott and Wollogorang 
formations indicate that there may be an even older 
petroleum system present within the basin, in the Tawallah 
Group. However, although this older succession is starting 
to attract some exploration interest (eg Armour 2013c), there 
have been no detailed studies of its petroleum potential to 
date. 

McArthur Supersystem

The McArthur Supersystem includes at least one active 
petroleum system (MBA 2012), and possibly more, as has 
been demonstrated by the presence of numerous hydrocarbon 
shows in drillholes that penetrate the McArthur and Nathan 
groups. The potential for commercial conventional and 
unconventional hydrocarbon accumulations within the 
supersystem has been established by discoveries at the 
Glyde and Cow Lagoon gas prospects in the Batten Fault 
Zone (see below). However, there have been no attempts to 
name and systematically describe the individual petroleum 
systems that might be present in the succession, and possible 
genetic correlations between source rocks and reservoirs 
are not well defined.

The most significant source rock is the Barney Creek 
Formation, which is an important unconventional reservoir 
target, as well as being the likely source and seal over 
conventional reservoirs in the Coxco Dolostone Member of 
the Teena Dolostone. The Barney Creek Formation might 
also contain conventional reservoirs in the form of coarse 
breccia intervals with locally high primary and secondary 
porosity (Dorrins and Womer 1983). These two formations 
are probable components of a single petroleum system, 
but its limits are not well defined, since the Barney Creek 
Formation is likely to have been an important source for 
other reservoirs within the McArthur Group, including the 
overlying Reward Dolostone and possibly formations higher 
in the succession. Other potential source rock intervals of 
the McArthur Group include the Caranbirini Member of the 
Lynott Formation and the Yalco Formation. Although these 
units are regarded as having less source potential than the 

Barney Creek Formation, they also might have contributed 
hydrocarbons to reservoirs within the succession. Possible 
reservoir–seal couplets that might be associated with these 
source units are listed above under Seals.

Urapungan Supersystem

As for the McArthur Supersystem, the individual petroleum 
systems that might be present in the Roper Group succession 
have not been systematically described, and possible 
genetic correlations between source rocks and reservoirs 
are similarly not well defined. Silverman and Ahlbrandt 
(2011) listed three total petroleum systems (Kyalla, Velkerri 
and Hayfield) as being present, but provided no details of 
these. 

Two significant source rocks, the Velkerri and Kyalla 
formations, are present in the succession and there are 
at least eight identified unconventional or conventional 
reservoir rock units in the Roper Group and overlying 
units. At least two and possibly more petroleum systems 
are likely to be present. The lowermost includes potential 
reservoirs (Bessie Creek and Hodgson sandstones) that 
underlie source and regional sealing rocks of the Velkerri 
Formation, a unit that also has significant unconventional 
potential. Reservoir units from the interval between 
source rocks of the Velkerri Formation and Kyalla 
Formation, which is another unconventional target and 
regional seal, might have received a charge from either or 
both of these formations. The affinities of this interval, 
which includes the Moroak Sandstone, with respect 
to inclusion within a petroleum system, are therefore 
unclear. Any petroleum accumulations in reservoirs 
from the succession above the Kyalla Formation are more 
likely to have been sourced from this unit than from 
the Velkerri Formation, and this interval may therefore 
host another petroleum system. Possible reservoir–seal 
couplets within the overall Roper Group and overlying 
successions are listed above under Seals.

technIcal dIScoverIeS

No commercial petroleum discoveries have yet been made 
in the McArthur Basin, but promising technical discoveries 
have been made in the Batten Fault Zone and Beetaloo Sub-
basin. Technical discoveries are here regarded as being 
either sub-commercial discoveries, or discoveries with 
unassessed or unproven reserves.

Batten Fault zone

Armour has been targeting conventional and unconventional 
gas and oil resources in the McArthur Group within the 
Batten Fault Zone (Figure 31). In 2012, Armour reported 
gas in two wells (Cow Lagoon-1 and Glyde-1 ST1) in the 
McArthur River district, to the north and south of the 
McArthur River mine and pipeline (Armour 2012f). This was 
followed-up by the significant oil and gas shows in Lamont 
Pass-3 (Armour 2013d). These wells have confirmed that 
the McArthur Group has potential to reservoir significant 
hydrocarbon resources, but only Glyde-1 has flowed 
significant gas to surface to date.
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Based on a combination of ongoing in-house geological 
studies and surface mapping, in conjunction with results 
from gravity and magnetic surveys, Armour has delineated a 
series of conventional gas prospects within their tenements. 
Independent third-party assessments indicate that these 
hold an estimated 3496 PJ of mean unrisked Prospective 
Resources, principally in the Coxco Dolostone Member 
of the Teena Dolostone (Armour 2013f, table 4). Amour 
also claims to be targeting a mean Prospective Resource of 
18 800 Bscf (19 937 PJ) of gas in undiscovered unconventional 
resources within the Barney Creek Formation, Lynott 

Formation and Reward Dolostone within their tenements, as 
well as 1985 mmbbl of associated condensate, which includes 
18 550.5 Bscf (19 672 PJ) of gas and 1961.5 mmbbl of associated 
condensate within the Barney Creek Formation (MBA 2012, 
table 1). This compares with a more conservative, Best 
Estimate Recoverable Resource of 7000 Bscf (7423 PJ) 
of unconventional dry gas and 400 Bscf (424.18 PJ) of 
unconventional wet gas within the Barney Creek Formation, 
as estimated by Rawsthorn (2013, table 5). No assessment 
of the prospective unconventional oil resources within the 
Barney Creek Formation is available at time of writing.
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Glyde gas prospect

The Glyde gas prospect (Figure 32) is a shallow 
conventional gas accumulation within brecciated Coxco 
Dolostone Member (Teena Dolostone), underlying the 
Barney Creek Formation. It is located within the Glyde Sub-
basin, which is a north-northwest-trending, transtensional 
strike-slip structure, approximately 50 km in length, in the 
southeastern part of the Batten Fault Zone (Figure 31, see 
Structure and tectonic history). The gas potential of this 
area has been known for some time, on the basis of repeated 
gas shows through previous minerals exploration drilling 
(see Thomas 1981). Drillhole Glyde-1 is located in a fault-
bounded structural high, within which the Coxco Dolostone 
Member has enhanced permeability, mostly resulting from 
structural brecciation and fracturing along major faults 
associated with the regional Emu Fault Zone. The member 
is overlain by a 132 m-thick zone of highly carbonaceous, 
naturally fractured gas-charged shale of the Barney Creek 
Formation (probable source and seal). A highly deviated 
lateral well (Glyde-1 ST1 lateral) was drilled from within 
Glyde-1 and encountered gas-bearing formations within 
the Barney Creek Formation and Coxco Dolostone Member 
from 648 m to 810 m measured depth at a vertical depth of 
ca 500 m. Flow testing confirmed a flow of 3.33 mmscf/d at 
125 psi pressure from the Coxco Dolostone Member after 
10 minutes on a 64/64 inch choke (Armour 2013h). The high 
thermal maturity of this accumulation at relatively shallow 
depths is probably the result of previously deeper mature 
source rocks being unroofed by erosion of the overlying 
succession (Armour 2012g).

A third-party independent resource assessment by 
DeGolyer and MacNaughton of the conventional gas 
resource in the Coxco Dolostone Member at Glyde-1 
estimated a total area of 1440 acres (582.7 ha), containing 

3C Contingent Resources of 12.5 PJ (10.3 Bscf, table 4). 
The total unrisked Mean Prospective Resources in the 
Coxco Dolostone Member on 23 of Armour’s targeted areas 
within the greater Glyde area in the Batten Fault Zone was 
estimated by Armour (2013b) to be 322 PJ (264.4 Bscf). 
However, this gas resource was increased substantially in 
November 2013 (Armour 2013f), following a further third-
party independent resource assessment by SRK Consulting 
(Australasia) Pty Ltd of 55 of Armour’s targeted prospects 
and leads, to an estimated Mean Prospective Resource, 
unrisked, of 3496 PJ (2870 Bscf, table 4). Glyde-1 well 
data provided further evidence that the Barney Creek 
Formation is the source rock for the gas accumulations, 
and this formation also has the potential for a sizeable 
unconventional gas resource (see above). 

Despite the discovery of gas at Glyde-1, exploration 
at Glyde and related fields remains at a relatively early 
stage. The conventional resource at Glyde is much easier to 
develop than the unconventional resource, with preliminary 
indications that there is no need for hydraulic fracturing or 
a large number of producing wells. However, the resource 
still requires more drilling to prove its viability, and the 
discovery would need to be appraised by at least another 
well before it can be developed.

Lamont Pass oil and gas prospect

Lamont Pass-3 is a vertical well located in the Glyde Sub-
basin, 25 km north of the Glyde-1 (ST1) gas discovery 
made by Armour in 2012. Multiple oil and gas shows were 
reported from this well in late 2013 over a 520 m-thick 
interval of Barney Creek Formation shale from 260 m 
to 780 m depth (Armour 2013f, h). The well encountered 
bitumen, fluorescence (Figure 22b), blooming, milky and 
streaming oil cuts, and ‘live’ oil, as well as significant 
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connection gases of up to 100 units by gas chromatography. 
This is the oldest ‘live’ oil recovered in the world to date. 
Armour has reported an oil and gas discovery to the NT 
Department of Mines and Energy (Armour 2013g), but 
no estimate of size of the unconventional resource in the 
vicinity of this well has been made. 

Cow Lagoon gas prospect

This is an unconventional gas prospect located about 25 km 
north-northwest of the McArthur River mine. Drillhole Cow 
Lagoon-1 was drilled to 1804 m depth, and targeted a four-
way dip closure (Cow Lagoon West Anticline). The well 
encountered gas flows and shows at several stratigraphic 
levels from 295 m to 1560 m depth, from relatively low-
permeability reservoirs in the Lynott Formation and 
Reward Dolostone, and there were further gas shows in 
the Barney Creek and deeper formations (Armour 2012b). 
Gas influxes and flares were observed and continued from 
these formations for up to 15 days after they were drilled. 
The Cow Lagoon West structure covers a mean area of 
5.83 km2 and is a tabular-shaped domical feature on a 
northwest-trending anticline (Armour 2012g). Armour has 
also defined a Greater Cow Lagoon structure, which is in 
a broader area (40.5 km2) around Cow Lagoon-1. This is 
estimated to have a unconventional Mean Prospective 
Resource of 100.4 Bscf (106.47 PJ) of gas (Armour 2012b). 
However, further drilling and testing is required before a 
more definitive discovery area or gas-in-place estimate can 
be made for the Greater Cow Lagoon structure.

Beetaloo Sub-basin

The Beetaloo Sub-basin is considered to be one of the most 
prospective regions in the NT for shale oil and gas, and is 
also prospective for conventional petroleum, although no 
significant conventional accumulations have been identified 
to date. Recent focus has been on the unconventional 
resources of the sub-basin, and several wells, in particular 
Shenandoah-1A, have confirmed the shale oil and gas 
potential of the middle Velkerri and Kyalla formations, 
and the BCGA potential of the Bessie Creek and Moroak 
sandstones (see above). RPS (2013) used existing drilling 
data and well test information, logs, geochemistry and 
seismic data to assess the very large unconventional 
resource potential for these formations, on behalf of Falcon 
Oil and Gas. This assessment covers the main depocentre 
of the sub-basin, including most of Falcon’s tenements. 
However, it should be noted that the variable quality and 
sparse nature of the existing seismic data (which does not 
include Hess Corporation’s 2012–2013 seismic program) 
introduces a significant range of uncertainty into the 
resource estimates. RPS (2013) calculated the total P50 
Prospective Resource Potential (Play Level) for shale oil in 
the middle Velkerri and lower and upper Kyalla formations 
(above 1500 m depth) to be 568 625 mmstb (Potentially In-
place) and 21 345 mmstb (Best Potentially Recoverable, 
table 2). This includes a P50 Potentially In-place shale 
oil resource of 230 643 mmstb for the Kyalla Formation, 
and 337 982 mmstb for the middle Velkerri Formation, 
and a total Best Potentially Recoverable resource for these 

formations of 8625 mmstb and 12 720 mmstb, respectively.
For shale gas in the lower Kyalla and Velkerri formations 

below 1500 m depth, the total P50 Potentially In Place 
Resource was estimated by RPS (2013) to be 156 480 Bscf 
(165 940 PJ), with a Best Estimate Potentially Recoverable 
Resource of 111 790 Bscf (118 548 PJ; (table 1). This 
includes a P50 Potentially In Place Resource of 52 260 Bscf 
(55 419 PJ) for the lower Kyalla Formation and 104 220 Bscf 
(110 521 PJ) for the middle Velkerri Formation, and a 
Best Estimate Potentially Recoverable Resource for these 
formations of 37 290 Bscf (39 544 PJ) and 74 500 Bscf 
(79 004 PJ), respectively. These figures compare with a 
more conservative, Best Estimate Recoverable Resource 
of 3000 Bscf (3181 PJ) for the Kyalla Formation and 
16 000 Bscf (19 967 PJ) for the Velkerri Formation, as 
calculated by Rawsthorn (2013, table 5). 

For the BCGA plays in the Bessie Creek and Moroak 
sandstones, RPS (2013) calculated the total P50 Potentially 
In Place Resource to be 70 570 Bscf (74 836 PJ), and the 
total Best Estimate Potentially Recoverable Resource to 
be 50 210 Bscf (53 246 PJ). This includes P50 Potentially 
In Place Resources for the two sandstones of 62 310 Bscf 
(66 077 PJ) and 8260 Bscf (8759 PJ), respectively, and Best 
Estimate Potentially Recoverable Resources of 44 310 Bscf 
(46 989 PJ) and 5900 Bscf (6257 PJ), respectively (table 1). 

The Alice Springs–Darwin gas pipeline and Stuart 
Highway cut across the western part of the Beetaloo Sub-
basin, so there are no major infrastructure barriers to the 
development of any gas discovery. A connecting pipeline 
distance could be up to 80–100 km, but would most 
likely be shorter. Construction of a pipeline would not be 
commenced until a commercially viable resource has been 
proved and sales contracts are in place. However, it could 
be constructed concurrently with drilling. It is likely that at 
least 10 to 15 additional wells would be needed to delineate 
an unconventional resource and bring it to production. 
Projected possible timeframes for first gas would therefore 
be a conservative 4 years for production, but could be 
earlier. The relatively high cost of unconventional wells with 
horizontal drilling and multi-stage hydraulic fracturing is a 
possible barrier.

proSpectIvIty

The McArthur Basin can be regarded as a frontier basin from 
a petroleum exploration perspective. Exploration to date has 
identified prospective successions at several stratigraphic 
levels, with most interest focused on the McArthur and 
Roper groups in the Batten Fault Zone and Beetaloo Sub-
basin, respectively. Other portions of the basin are very 
underexplored for petroleum, although most areas are 
currently covered by exploration tenements, either under 
application or granted. In addition, there is some possibility 
that suitable reservoir–seal pairs within McArthur Basin 
strata may occur offshore under Cretaceous strata in the 
west of the Carpentaria Basin and these could be prospective 
for hydrocarbons, like their onshore equivalents.

The main caveat for successful exploration in the greater 
McArthur Basin and Beetaloo Sub-basin is the preservation 
of hydrocarbons over hundreds of millions of years. Any 
economic accumulations of Proterozoic petroleum would 
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have been derived from some of the oldest-known viable 
source rocks. Although generally uncommon, there are 
a number of areas of the world that contain economic 
Proterozoic hydrocarbons, including Oman, the Siberian 
Platform in Russia and the Sichuan Basin in China (see 
Walter 1992, Schopf and Klein 1992). Oil and gas generation 
appears to have occurred in these basins at multiple times in 
the late Proterozoic and Phanerozoic, and hydrocarbons are 
hosted in reservoirs at various stratigraphic levels ranging 
from the Neoproterozoic to Mesozoic. Gas has also been 
discovered in Neoproterozoic sandstone in the Amadeus 
Basin in central Australia (Dingo prospect). However, 
all these accumulations were derived from younger 
Neoproterozoic-aged successions, rather than from Palaeo- 
to Mesoproterozoic rocks, as in the McArthur Basin. 

The generation and migration of hydrocarbons in the 
McArthur Basin has probably occurred in several stages 
over a long period of time (Powell et al 1987, Duddy et al 
2004; see Maturation and migration), and this is likely 
to be an important factor in the preservation of petroleum 
accumulations, and in the location and types of traps present. 
The presence of oi1-saturated reservoirs that were formed 
under conditions of early migration might have inhibited the 
extensive diagenetic effects observed in most reservoir units 
in the basin. A possible consequence of such early-formed 
diagenetic traps might be that current permeability/porosity 
data are not an accurate reflection of the true characteristics 
of unbreached reservoirs (Dorrins and Womer 1983, 
Jackson et al 1988). On the other hand, a late oil charge 
(or remigration) might also have good chances of survival, 
with regards to seal integrity, destruction of petroleum 
in pore spaces by biodegradation, and/or water-washing 
and fault reactivation (see Duddy et al 2004). Although a 
major episode of migration probably occurred in the late 
Mesoproterozoic (Dutkiewicz et al 2007), the occurrence 
of oil shows in the Neoproterozoic Bukalara Sandstone in 
Walton-1 (Lanigan and Ledlie 1990) and bitumen within the 
overlying Cambrian Antrim Plateau Volcanics (Matthews 
2008) indicates that hydrocarbons have been actively 
generated, and expelled or remigrated, probably from Roper 
Group source rocks, at more recent times, at Palaeozoic or 
possibly at even younger ages. Palaeozoic oil/gas pools, 
derived from McArthur Basin source rocks might therefore 
be present in the younger Daly and Georgina basins to the 
west and southwest of the McArthur Basin (Powell et al 
1987, Jackson et al 1988), although the successions in 

these basins are relatively thin and unstructured, thereby 
reducing their petroleum potential. 

conventional petroleum

There are numerous potential conventional reservoir–
seal couplets within the McArthur and Roper groups (see 
Seals), and the presence of numerous folds and faults in 
many areas provides opportunities for various structural or 
stratigraphic/structural traps (Figure 33). The existence of 
suitable source rocks within the basin is well established, 
and the main exploration challenge is locating suitable 
reservoir facies, where porosity/permeability has not been 
occluded by diagenesis, in appropriate trap configurations. 
In situations where primary porosity/permeability has been 
destroyed, good-quality reservoir facies might be associated 
with zones of secondary porosity or natural fractures.

With respect to the McArthur Group, most attention has 
been on the Batten Fault Zone, on successions within small 
sub-basins (eg Glyde Sub-basin) that developed adjacent to 
reactivated north – south-trending faults, such as the Emu 
Fault Zone. Powell et al (1987) and Jackson et al (1988) 
considered that the most likely plays would include small 
structural and diagenetic traps in McArthur Group carbonate 
rocks, sourced from the Barney Creek Formation and formed 
under conditions of early migration. However, the most 
significant conventional reservoir discovered to date, in the 
Coxco Dolostone Member, comprises structural breccias and 
fractures along the Emu and Tawallah faults, together with 
talus or scree breccias occurring adjacent to faults, and areas 
of solution brecciation in contact with shale of the source 
Barney Creek Formation (Armour 2013a). Secondary fracture 
or solution porosity is therefore of considerable importance 
in this area, and indicates that oil migration must postdate the 
formation of these structures. MBA (2012) listed a number 
of leads in the Batten Fault Zone that included anticlinal 
closures, including four-way dip closed anticlines, and a 
fault-closed trap (Glyde prospect). These have areal extents 
of between 4 km2 and 24 km2. Additional targets have been 
added by Armour as exploration in the region has progressed, 
and these are summarised in Figure 31. The possibility of 
other types of traps in the Batten Fault Zone should not be 
overlooked. For example, rapid lateral facies changes are 
typical of fault-related sub-basins, which suggests that 
stratigraphic pinchout traps might be present. This includes 
potential reservoirs in coarse siliciclastic facies that have 
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been shed from fault scarps (in, eg, Stretton Sandstone). 
The identification of west-dipping thrust faults in the west 
of the Batten Fault Zone (see Rawlings et al 2004) opens 
the possibility of sub-thrust or over-thrust plays involving 
the McArthur Group in this region. The geographical extent 
of the McArthur Group is not well known and its potential 
distribution is clearly of significance to the prospectivity of 
the basin. Rawlings et al (2004) showed that appreciable 
thicknesses of the group extend to the east of the Batten Fault 
Zone in the southern part of the McArthur Basin and noted 
that the exploration potential of this covered area is improved, 
as there is a much broader distribution of appropriate and 
thick trap rocks, and other blind syn-sedimentary structures 
like the Emu Fault could be present. It is possible that the 
McArthur Group succession also extends into other areas of 
the basin to the west and north of the Batten Fault Zone, but 
these areas have not been drill tested. 

In the north of the McArthur Basin, the Walker Fault 
Zone may contain an equivalent succession to that in the 
Batten Fault Zone. However, due to an almost complete lack 
of drilling or seismic data in this region, information on its 
petroleum prospectivity can only be undertaken on the basis 
of correlations between mapped surface outcrops in the area 
and the better documented Batten Fault Zone to the south, 
which is interpreted to be an extension of the same geology. 
The most prospective units within the Walker Fault Zone 
are in the Balma Group (and correlative Habgood Group), 
which include interpreted correlatives of the McArthur 
Group. The Walker Fault Zone has locally significant 
structural complexity and contains potential reservoir units 
that may host conventional gas accumulations similar to 
those in the Batten Fault Zone. Similar types of structural, 
stratigraphic/structural or diagenetic traps are possible. 
Drilling and analysis of the succession, a seismic program 
and modelling of the basin will be required before any 
resource assessments can be made. 

With respect to the Roper Group, most attention to 
date has been on the Beetaloo Sub-basin, which is the 
major preserved depocentre for this succession. However, 
the Roper Group extends over large parts of the northern 
and southern portions of the MacArthur Basin and should 
also be prospective in these areas, which are mostly 
unexplored. Exploration programs have mainly targeted the 
unconventional petroleum potential of the Roper Group, 
but it is possible that conventional petroleum might also 
be reservoired within the group and in the immediately 
overlying units (Jamison sandstone, Hayfield mudstone, 
Bukalara Sandstone), which are not assigned to the group. 
Although a number of units might reservoir conventional 
petroleum (see reservoir rock units), Silverman et al 
(2007) considered the Bessie Creek, Moroak and Jamison 
sandstones to have the best potential.

In general, the most prospective conventional reservoir 
targets are likely to be structural features associated with 
marginal and intrabasinal structural highs in the Beetaloo 
Sub-basin, diagenetic stratigraphic traps, stratigraphic 
traps related to onlaps, unconformities or pinchouts, or 
combination stratigraphic/structural traps. Lanigan et al 
(1994) considered the most easily explored reservoir targets 
in the Beetaloo Sub-basin to be four-way dip closures 
identified on seismic data, and noted that structuring was 

increasingly more intense towards the sub-basin margins, 
with less disturbed, generally more flat-lying strata in deeper 
areas of the sub-basin. Silverman et al (2007) identified 
a number of conventional structural, stratigraphic and 
stratigraphic/structural reservoir targets in sandstone units 
in the Beetaloo Sub-basin, including anticlinal closures, 
and regional terminations or unconformity traps at the sub-
basin margins. This study noted that the dominant positive 
structural features in the sub-basin are towards the margins 
and the intrabasinal Arnold Arch, a large north-northwest-
trending feature in the northeast (Figure 17), and that 
structures associated with the western axis of this feature 
would have been among the first to reservoir hydrocarbons 
as they migrated out of the sub-basin. Similar potential 
is likely to be associated with the Daly Waters Arch, a 
large, intrabasinal, north-trending structural high in the 
west of the sub-basin. A regional seismic program across 
this structural feature was completed by Hess Corporation 
in 2012, but results have not yet been published. These 
intrabasinal and marginal highs are commonly associated 
with large faults, including thrust faults (see, eg, Silverman 
et al 2007, Silverman and Ahlbrandt 2011), which suggests 
that three-way dip structural plays laterally sealed by faults 
might be present in these areas. Potential stratigraphic traps 
include lateral pinchouts, diagenetic traps formed under 
conditions of early migration, and onlaps onto structural 
highs. An example of a lateral facies pinchout was 
provided by Menpes (1993a), who described sandstones at 
the top of the Jamison sandstone and base of the Hayfield 
mudstone in Jamison-1 and Mason-1 that pinch out towards 
Balmain-1. Powell et al (1987) and Jackson et al (1988) 
briefly discussed diagenetic traps, and noted that examples 
of onlap traps might be present in the Roper River region 
where Roper Group facies onlap the ‘Urapunga Tectonic 
Ridge’ (Urapunga Fault Zone). 

unconventional petroleum

There is considerable potential for unconventional basin-
centred gas and oil plays over large areas of the McArthur 
Basin, and recent discussions of the unconventional potential 
of the basin are in Silverman and Ahlbrandt (2011), MBA 
(2012), Armour (2013h) and RPS (2013). The main units 
with unconventional potential for shale oil and gas are the 
Barney Creek Formation and Lynott Formation (particularly 
Caranbirini Member) of the McArthur Group, the Vaughton 
Siltstone of the Balma Group, and the Velkerri and Kyalla 
formations of the Roper Group. Units with potential for 
basin-centred gas include the Reward Dolostone (McArthur 
Group), and the Bessie Creek and Moroak sandstones of the 
Roper Group. The source rock and reservoir characteristics 
of these units are discussed above under Source rock units 
and reservoir rock units. There may be other formations 
within the McArthur Basin succession with unconventional 
potential that are yet to be investigated in any detail. 

The Barney Creek Formation is currently considered 
to be the most prospective unconventional shale oil and 
gas play in the McArthur Group. This formation ranges in 
thickness from <200 m to as much as 1200 m in places, has 
a very extensive regional distribution within the Batten 
Fault Zone, and is possibly extensive in the subsurface 
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elsewhere in the basin. It has a significant TOC and an 
oil-prone organic matter type. MBA (2012) reported that 
the formation is oil mature at the surface and is predicted 
to be wet-gas mature in the range 350–2400 m and dry-
gas mature where it is over 2400 m deep. However, results 
from Lamont Pass-3 indicate that the formation is in the 
oil window to a depth of 780 m, at least in the vicinity 
of that well (Armour 2013e). The high dolomite and silt 
components within the Barney Creek Formation shale 
provide favourable conditions for large volumes of oil and 
gas to be held in pore spaces. According to MBA (2012), 
these rocks are likely to be well suited to massive fracture 
stimulation, the primary method used in completing 
production wells. 

In the Walker Fault Zone, in the north of the McArthur 
Basin, unconventional shale oil and gas might be 
reservoired in interpreted correlatives of the McArthur 
Group (Balma Group and correlative Habgood Group). The 
unit of particular interest is the Vaughton Siltstone, which 
outcrops very poorly and for which no drill core exists. 
Black shales in this unit have been tentatively correlated 
with the Barney Creek Formation and Caranbirini Member 
of the Lynott Formation (Plumb and Derrick 1975, Haines 
et al 1999). Limited studies suggest that the unit has high 
prospectivity for shale gas and/or oil, although there is 
little information on hydrocarbon maturity. The unit has 
an estimated thickness of 600–1000 m and cross-sections 
from NTGS mapping (eg Haines et al 1999) suggest that 
the formation is present at depths of between 500 m and 
2500 m across much of east Arnhem Land, implying the 
potential for unconventional resources of significant size. 
The Walker Fault Zone also has locally significant structural 
complexity and contains potential reservoir units that may 
host conventional gas accumulations, similar to those in the 
Batten Fault Zone. This area remains effectively unexplored 
to date and significant work would be required before 
realistic resources can be defined.

In the Beetaloo Sub-basin, current petroleum exploration 
is focused on unconventional basin-centred gas and shale 
oil, as well as on conventional hydrocarbons. There have 
been no significant discoveries in the sub-basin, but 
Shenandoah-1 has produced gas and condensate from the 
middle Velkerri Formation and gas from the lower Kyalla 
Formation on test (Hoyer et al 2012). There have also been 
numerous mudlog and core oil and gas shows recorded from 
prospective formations throughout the sub-basin.

In deeper areas of the sub-basin, the Moroak and Bessie 
Creek sandstones may include indirect, underpressured 
BCGAs (Silverman et al 2007), although the viability of these 
tight gas sandstone plays has yet to be proved. BCGAs are 
regionally extensive pervasive accumulations that typically 
exhibit low permeability, abnormal pressure (low or high), 
gas saturation, and absence of a down-dip water contact 
(Law 2002). The area of the sub-basin where the Moroak 
and Bessie Creek sandstones are prospective as BCGAs is 
defined as being where they are in the gas window below 
depths of ca 1500 m, and is shown in Figure 28. RPS (2013) 
estimated the P90–P10 play areas for these sandstones to be 
6511–9302 km2 and 960–1372 km2, respectively. The main 
risk for these plays is reservoir effectiveness, since fracture 
stimulation is likely to be required and is untested. A natural 

flow test of the formations was attempted in Shenandoah-
1A and was a failure. 

The middle Velkerri and Kyalla formations are 
considered to be have very high potential for shale oil and 
gas in the Beetaloo Sub-basin, and may also be prospective 
in other underexplored areas of the greater McArthur 
Basin. The upper Kyalla Formation is prospective for 
shale oil throughout the sub-basin, and both formations 
are prospective for shale oil above depths of about 1500 m, 
towards the margins of the sub-basin. In more deeply 
buried areas in the centre of the sub-basin, the lower Kyalla 
and Velkerri formations are prospective for shale gas. The 
play areas for these formations are shown in Figure 25. 
For the upper Kyalla Formation, RPS (2013) estimated the 
P90–P10 shale oil play area to be 4421–5576 km2 (P90–
P10), whereas for the lower Kyalla Formation, the P90–
P10 play areas were estimated to be 8885–12 694 km2 for 
shale oil and 3068–4382 km2 for shale gas. For the middle 
Velkerri Formation, the P90–P10 play areas were estimated 
to be 6284–8978 km2 for shale oil and 6511–9302 km2 for 
shale gas. These formations are therefore prospective over 
vast areas, but there is insufficient information currently 
available to determine where ‘sweet spots’ are likely to 
be found and it is likely that significant additional work 
will be required before any petroleum resources can be 
commercially exploited.

There remains significant greenfields potential for 
unconventional hydrocarbons elsewhere within the Roper 
Group, including extensions of the Beetaloo Sub-basin to 
the west of the Daly Waters Arch.

BIrrIndudu BASIn

IntroductIon

Rocks of the Palaeo–Mesoproterozoic Birrindudu Basin 
are exposed in the northwestern NT and northeastern WA 
(Figure 34). In the NT, the basin outcrops over 35 000 km2, 
but it extends far beyond these boundaries under cover and 
is almost certainly continuous with coeval portions of the 
Tomkinson Province (Tennant Region) and McArthur Basin. 
The succession also probably correlates in part with that of the 
Kimberley Basin (WA; Blake et al 2000). It unconformably 
overlies deformed and metamorphosed successions of the 
Pine Creek Orogen in the north, Tanami Region in the south 
and possibly Halls Creek Orogen in the west. 

The Birrindudu Basin contains six groups (Figure 35), 
separated by unconformities or disconformities. The 
basal Birrindudu and Tolmer groups lack reliable 
chronostratigraphic control, which makes their stratigraphic 
correlations uncertain. These groups are unconformably 
overlain, in ascending order, by the Limbunya, Wattie, 
Bullita and Tijunna groups. The Wattie, Bullita and 
Tijunna groups were included within the Victoria Basin 
by Cutovinos et al (2002), but are now assigned to the 
Birrindudu Basin (Dunster and Ahmad 2013a). Significant 
publications on the basin include Sweet (1974a, b, 1977), 
Dundas et al (1987a), Edgoose et al (1989), Dunster et al 
(2000), Cutovinos et al (2002), Beier et al (2002b, c) and 
Dunster and Ahmad (2013a).
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Summary of Stratigraphic SucceSSion

Birrindudu Group

The Palaeoproterozoic Birrindudu Group rests 
unconformably on Palaeoproterozoic rocks of the Tanami 
Region and consists of three units comprising, in ascending 
stratigraphic order, the Gardiner Sandstone, Talbot Well 
Formation and Coomarie Sandstone. The group is exposed 
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extensively in the southwest of the NT portion of the basin, 
and extends into adjoining areas in WA. It is estimated to 
generally be about 6000 m thick, but thins to approximately 
1900 m. The age of the group is not particularly well 
constrained. Radiometric data collectively indicate that 
deposition occurred in the interval 1768–1640 Ma (Claoué-
Long et al 2001, Smith 2001, Cutovinos et al 2002, Cross 
et al 2005a, b, Vallini et al 2007). This suggests a possible 
stratigraphic correlation with the Tolmer Group in the 
north and northeast of the basin, and with the Tawallah 
and Katherine groups of the McArthur Basin in the east 
of the NT (Figure 2). The Birrindudu Group includes the 
Gardiner and Coomarie sandstones and the Talbot Wells 
Formation. The majority of the group is made up of lithic 
and quartz sandstone, shale and siltstone, with minor 
conglomerate and carbonate rocks. These were deposited 
in a marine setting, and it has been suggested that some 
parts of the group were deposited on a carbonate platform 
(Blake et al 1975).

Tolmer Group

The Palaeoproterozoic Tolmer Group outcrops extensively 
along the northwestern and northeastern margins of the 
Daly Basin. The succession consists of sandstone, dolostone 
and shale with minor conglomerate and siltstone packages, 
and parts of the succession are glauconitic, stromatolitic 
or dolomitic. The Tolmer Group is about 1600 m to 1800 m 
thick and is divided into four formations: the Depot Creek 
and Stray Creek sandstones, Hinde Dolostone and Waterbag 
Creek Formation. The succession is unfolded and comprises 
horizontal to gently dipping strata; it unconformably overlies 
metamorphosed and deformed rocks of the Pine Creek Orogen, 
and is unconformably overlain by the Palaeozoic Daly Basin 
succession. Deposition occurred during a marine transgression 
in conditions that included paralic, subaerial and brine-logged, 
as well as the development of a stable carbonate platform.

Limbunya Group

The Limbunya Group consists dominantly of cyclic dolostone 
and dolomitic siliciclastic rocks and has a composite thickness 
of about 1300 m. It consists of 11 formations (Figure 35) 
that outcrop on the northeastern and eastern margins of the 
basin. These formations include, in ascending stratigraphic 
order, the Stirling Sandstone, Margery Formation, Pear Tree 
Dolostone, Amos Knob Formation, Mallabah Dolostone, 
Kunja Siltstone, Farquharson Sandstone, Blue Hole 
Formation, Campbell Springs Dolostone, Fraynes Formation 
and Killaloc Formation. Stromatolites are common 
throughout the succession, which was deposited in low- to 
medium-energy, shallow- to deep-marine conditions. The 
age of the group is unclear, as the upper formations are yet 
to be dated; however, currently the sedimentary rocks have 
been assigned an age range of 1830–1638 Ma (Cutovinos et al 
2002, Sweet et al 1974b, Carson 2010).

Wattie Group

The Wattie Group outcrops in the southern part of the 
basin and overlies the Limbunya Group with marked 

angular unconformity. It thickens to the east and north, and 
overlies progressively younger formations of the Limbunya 
Group from east to west (Mendum 1972). The group is 
a mostly recessive, dominantly siliciclastic succession 
with subordinate carbonate rocks deposited in mostly 
shallow-marine conditions. The age of the group is poorly 
constrained and is generally referred to as ?Palaeozoic–
?Mesoproterozoic (Figure 35); the only age determination 
is a weighted mean age of 1639 ± 16 Ma for detrital zircons 
from the basal Wickham Formation, which is taken as the 
maximum depositional age for that unit (Carson 2010). The 
group contains seven formations that have a minimum total 
thickness of about 450 m; in ascending stratigraphic order, 
these are the Wickham Formation, Burtawurta Formation, 
Hughie Sandstone, Mount Sanford Formation, Neave 
Sandstone, Gibbie Formation and Seale Sandstone. The 
Seale Sandstone, which consists predominantly of quartz 
sandstone deposited under high-energy, shallow-marine 
transgressive conditions, is known to contain ‘live’ oil. 
The Wattie and Bullita groups are possibly equivalent to 
the Nathan and Mount Rigg groups of the McArthur Basin 
(Figure 2).

Bullita Group

The Bullita Group unconformably overlies the Wattie 
Group. The lower part of the group comprises mainly 
stromatolitic carbonate and subordinate siliciclastic 
rocks deposited in a shallow- to deep-marine to stable 
shelf environment. Carbonate precipitation was initiated 
during the transgression and basin-wide carbonate 
deposition concluded with a transition to siliciclastic rocks 
in the upper part of the group. This group includes, in 
ascending stratigraphic order, the Timber Creek Formation 
(Figure 36), Skull Creek Formation (Figure 37), Bynoe 
Formation, Weaner Sandstone and Battle Creek Formation 
(Figure 35), and is exposed across most of the basin. ‘Live’ 
oil and pyrobitumen have been intersected in the Timber 
Creek Formation (Figure 36), which consists of interbedded 
siltstone, sandstone and dolostone, deposited in restricted, 
shallow-marine evaporitic depositional conditions. The 
Bullita Group is poorly constrained as Mesoproterozoic in 
age; detrital zircons from the Weaner Sandstone provide 

Figure 36. Typical exposure of Timber Creek formation in Gibbie 
Creek area (VICTORIA RIVER DOWNS, after Beier et al 
2002b).
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a tentative maximum depositional age for this unit of 
1600 ± 24 Ma (Carson 2010).

Tijunna Group

The Tijunna Group (Beier et al 2002c) unconformably 
overlies the Bullita Group and is unconformably overlain 
by the Auvergne Group of the Victoria Basin (Figure 35). It 
comprises sandstone and mudstone assemblages, and is divided 
into the Wondoan Hill and Stubb (Figure 38) formations. 
Preserved thickness varies considerably; the group is 230 m 
thick in the east of the basin and thickens to 300 m in the 
northeast, where it is widely distributed. However, it is thin to 
absent in other parts of the basin. The succession is dominated 
by siliciclastic rocks with minor black shale deposited in 
shallow-marine to low-energy deeper-water conditions. The 
Tijunna Group is possibly equivalent to the Renner Group of 
the Tomkinson Province (Tennant Region), Roper Group of 
the McArthur Basin, and South Nicholson Group of the South 
Nicholson Basin (Figure 2).

Structure and tectonIc hIStory

The rocks of the Birrindudu Basin are unmetamorphosed 
and generally not significantly deformed. Folding is normally 
only mild and features broad open folds. Faulting ranges 
from large trans-basin structures with multiple reactivation 

histories (eg Limbunya and Neave faults) and their conjugates, 
to locally intense deformation within smaller fault zones. The 
fault pattern suggests east–west and southeast–northwest 
compression. There is some evidence that regionally 
extensive growth faults were periodically reactivated during 
deposition of the Birrindudu and Tolmer groups. Faulting in 
the southwestern part of the basin was probably synchronous 
with deposition of the Limbunya Group (Beier et al 2002b). 
The exposure of the oldest rocks in the centre of the basin 
and the fact that strata dip away from depocentres suggests 
a major basin inversion. The loci of deposition shifted from 
the southwest to the east during overall basin development. 

petroleum potentIal

The hydrocarbon potential of the Birrindudu Basin is 
untested. Stratigraphic drilling by CRA Exploration Pty Ltd 
intersected carbonaceous material in the Kunja Siltstone. 
Petroleum geochemistry indicated poor to excellent source 
potential. Samples were found to be on the threshold of oil 
generation or within the top of the oil window (Simeone 
1991). NTGS drillhole 99VRNTGSDD1 intersected 
biologically degraded bitumen and pyrobitumen in the 
Skull Creek Formation, Timber Creek Formation and upper 
Seale Sandstone. ‘Live’ oil bleeds were intersected in the 
lower Timber Creek Formation and upper Seale Sandstone. 
Light yellow–orange, high-viscosity oil was contained in 
porous sandstone and dolarenite and rarely along fractures. 
Darker more tarry oil was also located in similar lithologies 
(Figure 39). Analyses of oil extracts from the Timber Creek 

Figure 38. Siltstone and shale in lower Stubb Formation (after 
Beier et al 2002c).

Figure 37. Typical exposure of Skull Creek Formation 
(background) with Supplejack Dolostone Member (foreground) in 
Limestone Gorge (after Beier et al 2002c).

Figure 39. Oil stains in core from 99VRNTGSDD1 at 499.60 m 
depth. (a) Natural light. (b) Oil fluoresces blue-white under UV 
light (after Dunster and Cutovinos 2002).
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Formation (Dunster and Cutovinos 2002) indicate that the 
oil was generated from an early-mature, clay-poor carbonate 
source and is predominantly of algal–bacterial origin. Oil 
was probably expelled from a source rock deposited under 
marine conditions, from which it migrated slightly up-dip 
to its current reservoir. This suggests that the underlying 
Wattie Group may have been the source. Thick shale units 
in the Stubb and possibly Wondoan Hill formations contain 
organic matter and have some potential as source rocks, but 
have not been systematically evaluated (Beier et al 2002a). 
No seismic recording or petroleum drilling has been 
undertaken in the Birrindudu Basin.

The Birrindudu Basin is equivalent in age to the very 
prospective McArthur Basin in the east of the NT, and it 
is possible that strata of the two basins are continuous in 
the subsurface (Scott et al 2000, Ahmad and Scrimgeour 
2013). The Birrindudu Group is broadly correlated with 
the Tawallah Group of the McArthur Basin; the Limbunya 
Group with the McArthur Group; and the Tijunna, Bullita 
and Wattie groups with the Roper Group (Figure 2). 

LAWn HILL PLAtForM

IntroductIon

The Lawn Hill Platform comprises sedimentary and 
volcanic strata equivalent to the Tawallah and McArthur 
groups of the McArthur Basin. It is widely developed in the 
Lawn Hill region of Qld and extends northwestward into the 
NT (Figure 40). A northern succession extends along the 
southern margin of the Murphy Inlier (Murphy Province), 
and a southern succession is exposed in areas along the 
southern margin of the South Nicholson Basin. Stratigraphic 
correlations and nomenclature for the Lawn Hill Platform are 
summarised in Figure 41. The succession unconformably 
overlies strata (mainly Murphy Metamorphics) of the 
Murphy Province, and is unconformably overlain by the 
South Nicholson Basin. A simplified regional geological 
map of the Lawn Hill Platform in the NT and adjacent areas 
of Qld is shown in Figure 42. 

The Lawn Hill Platform has been described in a number 
of studies, some of the more significant of which include 
Roberts et al (1963), Sweet et al (1981), Hutton and Sweet 
(1982), Sweet (1984), Blake (1987), Ahmad and Wygralak 
(1989), Blake and Stewart (1992), Rawlings et al (2008), 
Withnall and Hutton (2013) and Ahmad and Munson 
(2013b). 

Summary of StratIgraphIc SucceSSIon

Palaeoproterozoic

The northern succession of the Lawn Hill Platform consists 
of the Wire Creek Sandstone, Peters Creek Volcanics, 
and Fickling and Benmara groups (Figure 41). The two 
lower formations (Wire Creek Sandstone and Peters Creek 
Volcanics) are considered to be equivalent to the Tawallah 
Group of the McArthur Basin. An unconformity separates 
these rocks from the overlying Fickling Group, which is 
considered to be a stratigraphic equivalent of the McArthur 

Group (Plumb et al 1990). The southern successions of 
the Lawn Hill Platform comprise the Carrara Range and 
McNamara groups. The McNamara Group ranges in age 
from about 1690 Ma to 1595 Ma (Page et al 2000). 

Wire Creek Sandstone and Peters Creek Volcanics

The basal Wire Creek Sandstone is up to 70 m thick and 
comprises sandstone with scattered pebbles, mostly of vein 
quartz and volcanic rocks. The formation was deposited 
under fluvial braided river and alluvial fan conditions. 
The Peters Creek Volcanics has been divided into eight 
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units with a combined thickness of about 2 km. Only the 
two lowermost units are exposed in the NT, and these 
include vesicular and massive basaltic lavas with sandstone 
interbeds. 

Fickling Group

The Fickling Group comprises a succession of sandstone, 
dolostone, siltstone and shale, and is correlated with the 
McNamara Group of the Lawn Hill Platform to the south, 
and the McArthur Group of the McArthur Basin to the north. 
The lowermost Fish River Formation comprises mainly 
sandstone with conglomerate lenses and has a maximum 
thickness of 200 m. The sandstone-dominated formation 
was deposited in a shallow-marine to tidal-flat environment 
of deposition. The Walford Dolostone is 400 m thick 
(Sweet et al 1981) and consists of oolitic, stromatolitic and 
intraclastic dolostone with minor black shale and dolomitic–
glauconitic sandstone. The formation was deposited in a 
shallow-marine sub- to supratidal environment (Ahmad 
and Wygralak 1989). The Mount Les Siltstone consists of 
dolostone, siltstone, shale and minor interbeds of flaggy 
dolostone with gypsum and pyrite pseudomorphs. These 
deposits indicate evaporitic conditions in a supratidal 
environment (Ahmad and Wygralak 1989). The Doomadgee 
Formation is about 400 m thick (Sweet and Slater 1975) 
and consists of conglomerate, sandstone, siltstone, shale 
and dolostone. A variety of sedimentary structures, and 
synaeresis cracks are present and indicate deposition in a 
heterogeneous sedimentary environment.

Benmara Group

The Benmara Group includes a basal sandstone (Breakfast 
Sandstone) conformably overlain by a recessive interval 
containing a trachyte sheet and various clastic rocks 
(Buddycurrawa Volcanics). The Breakfast Sandstone is a 
silicified sublithic sandstone, up to 80 m thick. Rawlings 
et al (2008) interpreted the depositional setting to have been 
moderate- to high-energy braided fluvial and/or shallow 
marine. The Buddycurrawa Volcanics reaches a thickness 
of about 300 m and consists of ferruginous sandstone, 
coherent trachyte, debris flow sandstone and conglomerate, 
mature sandstone, ferruginous siltstone / fine sandstone and 
minor stromatolitic chert. The stromatolitic chert intervals 
are indicative of shallow, intertidal, marine depositional 
conditions. 

Carrara Range Group

The Carrara Range Group constitutes a succession of 
sandstone and bimodal volcanic rocks. The Don Creek 
Sandstone comprises lithic to quartzose sandstone with 
pebbles or cobbles and rare conglomerate. The formation 
was probably deposited in a braided fluvial environment 
(Rawlings et al 2008). The Mitchiebo Volcanics is up to 
1000 m thick and composed of basalt and microdolerite, 
with interbeds of sandstone, mudstone and peperite. 
Rawlings et al (2008) interpreted that the basalt was 
probably emplaced as a series of lava flows in a subaerial 
to shallow-water lacustrine setting. The Gator Sandstone 

has a maximum thickness of 700 m and typically comprises 
sandstone with local beds of coarse, very coarse and 
granule sandstone; vesicular basalt; and a laminated, lithic 
sandy mudstone. Rawlings et al (2008) interpreted that the 
sandstones were deposited in a braided fluvial environment. 
The Top Rocky Rhyolite is up to 400 m thick and comprises 
a lower interval of coherent rhyolite, overlain by a matrix-
supported conglomerate, with imbricated clasts set in a 
gravel-sand-mud matrix (Rawlings et al 2008). Rawlings 
et al (2008) proposed that the rhyolite was rapidly erupted, 
whereas the conglomerate formed at the margins of the flow, 
under the influence of sporadic and large-scale flood events.

Surprise Creek Formation

The Surprise Creek Formation is considered to lie between 
the Carrara Range and McNamara groups. The formation 
is up to 450 m thick and comprises conglomerate, and 
sandstone. Rawlings et al (2008) interpreted the basal 
conglomeratic rocks to be proximal deposits of either a 
braided fluvial or, locally, an alluvial fan system. The 
sandstone is probably a more distal braided fluvial deposit, 
as it appears to grade up from, or intertongues with 
conglomerate, and forms a continuous sheet.

McNamara Group

The McNamara Group comprises sandstone, conglomerate, 
siltstone, shale and various carbonate rocks, which are 
commonly silicified to chert in outcrop. The main outcrops 
of the group are in Qld. The McNamara Group ranges in age 
from about 1690 Ma to 1595 Ma (Page et al 2000). 

The sandstone-dominated Drummond Formation 
reaches a maximum thickness of 600 m and comprises a 
variety of rock types that are referred to several informal 
unnamed units, including conglomerate, sandstone, 
dolomitic sandstone, chertified dolostone, minor chert, 
claystone (altered carbonate rocks?), siltstone and 
stromatolitic chert. A variety of distinctive sedimentological 
features indicate deposition in a range of environments, 
including shallow-marine, shoreface to intertidal to peritidal 
mud- and carbonate flats (sabkha), and fluvial. The Brumby 
Formation has a maximum thickness of 800 m and consists 
of siltstone, shale, sandstone and granule conglomerate, 
laminated and stromatolitic chert, dolostone, and chert-clast 
conglomerate and breccia. Rawlings et al (2008) interpreted 
a carbonate ramp environment, with deposition in very 
shallow water, probably intertidal and supratidal, followed 
by a deeper-water (shelf) environment. The 40–50 m-thick 
Shady Bore Quartzite consists of lithic and sublithic 
sandstones. Rawlings et al (2008) interpreted that the 
sediments were deposited under a wave-dominated marine 
shoreline environment in a series of upward-shallowing 
cycles. The Bullrush Conglomerate has a maximum 
thickness of 500 m and comprises polymictic granule, 
pebble and cobble conglomerate, alternating with cross-
bedded sandstone (Sweet 1985) with minor carbonate rocks 
and siltstone. The formation was deposited in subaerial 
alluvial fans into a standing body of marine water, leading 
to an alternation of marine and non-marine environments. 
The 1000 m-thick Plain Creek Formation mostly consists 
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of micaceous siltstone and shale, but contains several 
sandstone units. Sweet (1985) and Rawlings et al (2008) 
interpreted a fan-delta environment of deposition for the 
unit. The Lawn Hill Formation has a maximum thickness of 
2600 m and consists of shale, siltstone, sandstone, dolostone 
and dolomitic siltstone. These sediments were deposited 
in a marine shelf environment, mainly below wave-base 
(Rawlings et al 2008). The distinctive ridge-forming 
Widdallion Sandstone Member, at the top of the Lawn Hill 
Formation, is up to 370 m thick and consists of lithic and 
micaceous sandstone. 

petroleum potentIal

The NT portion of the Lawn Hill Platform is unexplored 
for petroleum, but has potential for both conventional 
and unconventional hydrocarbons. Active exploration 
programs in areas of the province in adjacent Qld have 
identified two significant intervals of the McNamara 
Group succession (Riversleigh Siltstone and Lawn Hill 
Formation) that are prospective for shale gas. Based on 
surface geology maps, seismic interpretation and magnetic 
data, these shale gas plays have been interpreted to extend 
into the NT (MBA 2012, Armour 2013h). MBA (2012) 
also considered the Fickling Group to be prospective for 
conventional hydrocarbon accumulations. This succession 
was unsuccessfully explored in Qld by Comalco (now part 
of Rio Tinto Alcan) in the early 1990s. 

Source rockS

A number of fine-grained, organic-rich rock units within the 
Lawn Hill Platform successions in the NT were deposited 
in anoxic sub-wave-base or evaporitic environments, and 
might have source potential. However, no geochemical 
studies have been conducted on these units, and assessments 
of their source potential are therefore speculative and based 
on the rock types present, by analogy with correlative 
formations in Qld. The units with the best source potential 
are the Plain Creek and conformably overlying Lawn Hill 
formations of the McNamara Group, but there are other fine-
grained units might also be worthy of further investigation, 
including shale intervals at the top of the Brumby Formation 
(McNamara Group) and shales at several levels within the 
Fickling Group. 

The 400–1000 m-thick Plain Creek Formation (Sweet 
1982) is dominantly of micaceous siltstone and shale 
(Figure 43), but contains several sandstone units, arranged 
in cycles, a few metres thick, of stacked, upward-thickening 
and -coarsening beds. Rawlings et al (2008) noted that a 
variety of facies were represented in the formation, ranging 
from locally emergent to shoreface, to storm-dominated 
shelf environment, to deeper marine with turbidites and 
mass flow (slump) deposits, and interpreted a fan-delta 
environment of deposition. Rapid changes in water depth 
were possibly due to the presence of small fault-generated 
sub-basins, into which subaerial fans were building. The 
Plain Creek Formation is a correlative of the Riversleigh 
Siltstone / Termite Range Formation in Qld (Sweet 1984 
and Rawlings et al 2008), the Mount Les Siltstone of the 
Fickling Group (Withnall and Hutton 2013) and probably 

the Barney Creek Formation of the MacArthur Group 
(Armour 2013h). 

The Lawn Hill Formation (Sweet 1984) is widely 
distributed through the NT and Qld portions of the Lawn Hill 
Platform. It thins to the north and its thickness is estimated 
to be in the range 125–2600 m (Rawlings et al 2008). The 
formation comprises recessive, interlaminated and thinly 
interbedded shale, siltstone, very fine-grained sandstone, 
dolostone and dolomitic siltstone. These sediments were 
deposited in a marine shelf environment, mainly below 
wave-base, although the interbedded sandstone indicates 
some slightly higher-energy conditions above wave-base, 
consistent with storm influence (Rawlings et al 2008). 

MBA (2012) reported that the Riversleigh Siltstone 
and Lawn Hill Formation both had sufficiently high TOCs 
to have valid source rock potential in all the wells that 
penetrated these formations in Qld. These intervals are 
also thermally mature in the vicinity of these wells for 
gas generation and expulsion. High gas levels have been 
recorded during drilling of the formations in a number 
of Qld wells, including Argyle Creek-1, Desert Creek-1, 
Egilabria-1 and -2, and Beamesbrook-1. However, despite 
the presence of excellent gas shows, a sustained flow to 
surface has yet to be achieved. Armour (2013h) considered 
that these formations created a regionally pervasive, stacked 
and continuous gas-charged shale play, and the thickness of 
the stacked succession would suggest that there is a sufficient 
volume of rock available to source economic hydrocarbon 
accumulations, even if the proportion of source material 
within the units is relatively low. 

reServoIrS and SealS

No petrophysical studies have been completed on the 
Lawn Hill Platform succession in the NT, and the reservoir 
characteristics of the various units are therefore unassessed. 
However, carbonate and coarse siliciclastic rocks that might 
have conventional reservoir potential occur at numerous 
levels within the succession. The diagenetic reduction of 
primary porosity and permeability in reservoirs of this age 
might be a significant problem, and reservoir quality might 
be dependent on the development of fractures or secondary 

Figure 43. Alternating mudstone and sandstone beds in Plain 
Creek Formation. Recessive beds are laminated to thinly 
interbedded shale, siltstone and very fine sandstone; white to 
grey, well indurated beds are very fine to fine sandstone with 
hummocky cross-stratification (after Rawlings et al 2008).
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porosity/permeability. Potential seals are abundant throughout 
the succession, and are provided by intraformational shale 
and regionally extensive shale and volcanic rock units. 

proSpectIvIty

Unconventional petroleum potential is provided by thick 
organic-rich shale of the Plain Creek and Lawn Hill 
formations (see above under Source rocks). In Qld wells, 
these formations are in the dry gas window, but MBA (2012) 
considered that there might be potential for wet gas in some 
areas as there is some variation in thermal maturity with 
depth. Exploration programs might target zones of natural 
fractures, for example along fold trends, in order to locate 
‘sweet spots’ for commercial production. Conventional 
petroleum prospectivity is largely speculative. Armour 
(2013h) identified a number of conventional targets in 
McNamara Group rocks and in strata overlying the group in 
their Qld tenements that included anticlinal plays, pinchout 
plays, and onlap plays onto buried topography. MBA (2012) 
noted that there is potential for conventional accumulations 
along the western part of the Lawn Hill Platform in the 
NT, and suggested that plays might include structural and 
stratigraphic traps along the flanks of the basin as reservoir 
units pinch out onto basement rocks of the Murphy Inlier. 
There is some possibility that traps in these areas might be 
oil-charged due to displacement from deeper areas of the 
basin by later-generated gas. Lawn Hill Platform source 
rocks might also have supplied a charge to traps in the 
overlying successions of the South Nicholson and Georgina 
basins. The major risk for the preservation of early-formed 
conventional petroleum accumulations is the breaching of 
traps during subsequent structuring events. 

SoutH nIcHoLSon BASIn

IntroductIon

The South Nicholson Basin (Figure 44) represents a 
succession of predominantly sandstone and siltstone 
in an east-trending belt, up to 50 km wide and 200 km 
long, exposed to the south of the Murphy Inlier (Murphy 
Province). This succession has moderate to near horizontal 
dips and is little deformed. It has a total thickness of about 
7 km (Rawlings et al 2008), unconformably overlies rocks 
of the Murphy Province and Lawn Hill Platform in western 
Qld and the eastern NT, and has been correlated with the 
Roper Group in the McArthur Basin (Plumb et al 1990). 
Regional summaries of the Qld and NT portions of the 
basin are in Withnall and Hutton (2013) and Ahmad and 
Munson (2013c), respectively. 

Summary of StratIgraphIc SucceSSIon

Late Palaeoproterozoic or Mesoproterozoic

Unassigned to group

The Caulfield beds are restricted to the central north of the 
South Nicholson Basin. The Caulfield beds has a cumulative 

thickness of at least 600 m and the unit has been informally 
divided into lower and upper parts. The unit comprises lithic 
sandstone, chert, siltstone and conglomerate with minor 
intercalated carbonate rocks and siltstone (Rawlings et al 
2008). Coarser intervals were interpreted as subaqueous 
debris-flow deposits. Deposition of carbonate and finer-
grained siliciclastic sediments occurred in a shallow-
marine shelf environment in a probable fan-delta setting. It 
is a possible correlative of the Crow Formation of the South 
Nicholson Group (Rawlings et al 2008), and may correlate 
with parts of the older Fickling and McNamara groups of 
the Lawn Hill Platform.
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Mesoproterozoic

South Nicholson Group

The South Nicholson Group unconformably overlies 
the Palaeoproterozoic Murphy Province and Lawn Hill 
Platform. Based on a correlation with the Roper Group of 
the McArthur Basin, the age of the group is interpreted to 
be in the range 1500–1400 Ma (Rawlings et al 2008).

Wild Cow Subgroup
The Wild Cow Subgroup outcrops in the west and south 
of the South Nicholson Basin in the NT and incorporates 
three formations, the laterally equivalent Bowgan and 
Playford sandstones, and an overlying recessive siltstone- 
and sandstone-dominated unit, the Crow Formation. It 
is overlain disconformably, and locally with an angular 
unconformity, by the Accident Subgroup. The Playford 
Sandstone comprises sublithic and quartzose sandstone, 
siltstone, granule sandstone and minor carbonate rocks. The 
formation has a maximum thickness of at least 1400 m and 
has been divided into three conformable named members 
(Rawlings et al 2008). Rawlings et al (2008) interpreted 
the Playford Sandstone to have been deposited in a range 
of increasingly shallowing settings, from relatively deep 
basinal, to shallow-marine shelf and minor peritidal 
environments, and finally to fluvial or intertidal marine. 
The Bowgan Sandstone is generally thin (<100 m) and 
comprises ferruginous, lithic to sublithic, sandstone with 
occasional laminae of quartz granules and small pebbles. 
Rawlings et al (2008) interpreted the formation to have 
been deposited as a braided fluvial to shallow-marine 
intertidal deposit. The largely recessive Crow Formation is 
up to 2500 m thick and is composed of interbedded siltstone 
and sandstone, shale, claystone, quartzose to sublithic 
sandstone; and minor, local sandstone and matrix-supported 
conglomerate. Coarse detritus was supplied rapidly from 
beach and fluvial settings at the margins of the Murphy 
Inlier (Rawlings et al 2008). More distal finer-grained 
deposits were deposited in an adjacent shallow-marine shelf 
environment that alternated in depth from below to above 
storm wave-base.

Accident Subgroup
The Accident Subgroup overlies the Wild Cow Subgroup in 
the western and southwestern parts of the South Nicholson 
Basin, but comprises the entirety of the South Nicholson 
Group in the central and eastern parts of the basin, including 
those parts in western Qld. The contact between the two 
subgroups varies from conformable to disconformable. The 
Accident Subgroup has a minimum thickness of 400 m in 
the NT, and comprises three formations: the basal Constance 
and Mittiebah sandstones, and an overlying recessive shaly 
unit, the Mullera Formation. 

The Constance Sandstone has a maximum thickness 
of 1100 m in the NT, and comprises quartz or sublithic 
sandstone, interbedded with sandstone and siltstone. In the 
NT, the formation has been divided into three sandstone 
and two siltstone members (Rawlings et al 2008). Rawlings 
et al (2008) interpreted the sandstone intervals of the 
Constance Sandstone as having been deposited in fluvial 

to shallow-marine, tide-dominated environments. The 
siltstone members were deposited in much lower-energy 
environments, most likely in marine shelf to lower shoreface 
settings. The Mittiebah Sandstone has a maximum thickness 
of 2200 m and is composed of quartzose to lithic sandstone, 
with minor interbeds of pebble or cobble conglomerate 
and siltstone. Rawlings et al (2008) concluded that the 
depositional environment probably alternated between 
shallow storm-influenced marine and braided fluvial 
settings. The Mittiebah Sandstone is tentatively correlated 
with the Constance Sandstone. The very recessive Mullera 
Formation (Figure 45) is estimated to be >1100 m in the NT 
and the principle rock types within the formation include 
micaceous, locally ferruginous siltstone, shale and lithic 
to quartzose sandstone, organic-rich shale, and quartzose 
sandstone. The Mullera Formation is interpreted to have 
been deposited in a shallow-marine shelf environment, 
partly above and partly below wave-base (Rawlings et al 
2008). 

Structure and tectonIc hIStory

There is evidence for probable syn-sedimentary faulting 
during deposition of the South Nicolson Group, particularly 
related to the Benmara Fault (Rawlings et al 2008). Between 
1400 Ma and ?1300 Ma a major deformation event in 
northern Australia produced extensive faulting and gentle 
folding of the basin succession, resulting in the current 
regional structural pattern. During ?1300–?600 Ma, there 
was a lengthy period of erosion, with coaxial folding and 
faulting events, and remobilisation of iron in the basin.

petroleum potentIal

There are mixed indications of the petroleum potential of 
the South Nicholson Basin. The South Nicholson Group 
is correlated with the very prospective Roper Group of 
the McArthur Basin (Figure 2), which contains proven 
petroleum systems. However, the basin has received little 
attention from explorers, and there have been no significant 
discoveries in either the NT or Qld portions of the basin to 
date. 

The first petroleum test of the basin in the NT was 
Brunette Downs-1, drilled in 1964 (Mines Administration 

Figure 45. Grey shale of lower Mullera Formation, with lenticular 
interbeds of fine-grained lithic sandstone, some of which have 
gutter-casted bases (after Rawlings et al 2008).
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Pty Ltd 1964). Although primarily targeted on the younger 
Cambrian section, the well intersected almost 200 m of 
the uppermost Mullera Formation. No hydrocarbons were 
detected and the best TOC reported from the formation 
was 0.14% (Lanigan 1993). Samples of the upper Mullera 
Formation in Qld contain higher TOC contents of up to 
3.0%, but are overmature for oil generation (Lanigan 1993).

Pacific investigated the petroleum prospectivity of the 
South Nicholson Basin in the NT during the early to mid 
1990s. Drillhole DD92SN1 was continuously cored from 
54 m to 458.64 m (TD) and penetrated 430.7  m of what 
Pacific regarded as dipping Mullera Formation and the 
upper 27.94 m of Constance Sandstone. Of 24 selected 
mudstone samples from the putative Mullera Formation, 
only 5 had greater than 1.0% TOC and the best was 
1.5%. The generative potentials and levels of extractable 
hydrocarbons were all low, and all samples were found to 
be beyond peak oil generation. There also appeared to be 
little reservoir potential due to primary clays and secondary 
cements. Pacific’s overall program was terminated 
prematurely, partly due to the poor results from DD92SN1 
(Lanigan 1993), but following the remapping of MOUNT 
DRUMMOND, Rawlings et al (2008) suggested that the 
company had inadvertently drilled the Crow Formation, 
rather than the Mullera Formation, which remains untested 
in the NT. 

Hydrocarbons and odours have been recorded from a 
shallow waterbore, known colloquially as ‘Hydrocarbon 
Bore’ or ‘Blackfellow Bore’, probably drilled in 2002 near 
Peaker Piker Creek on Mittiebah station. The approximate 
location of this bore was given by Rawlings et al (2008) as 
53K 703000mE 7922000mN, but it may be more accurately 
located about 160 m south-southwest of this location at 
53K 702951mE 7921848mN (Bill Fraser, WJ Fraser and 
Associates Pty Ltd, pers comm 2010 in Ahmad and Munson 
2013c). Rawlings et al (2008) noted that organic-rich shale 
from about 120 m depth, near the bottom of Hydrocarbon 
Bore, had a TOC of 10.6%, was below the oil window, 
and was substantially less mature than rocks sampled in 
DD92SN1. Rawlings et al (2008) interpreted the intersected 
strata as possible Mullera Formation, but that unit does 
not outcrop in this westerly portion of the basin, and the 
stratigraphic position is therefore uncertain. 

In the Qld portion of the basin, Armour reported 
elevated gas levels in South Nicholson Group rocks while 
drilling Egilabria-2 in 2013, and commented that the group 
has the capacity to store hydrocarbons in tight sandstone 
reservoirs that are likely to be fractured (Armour 2013h).

In general, the South Nicholson Basin in the NT has some 
potential to reservoir significant hydrocarbons, but is very 
underexplored and should be regarded as a frontier basin for 
petroleum exploration. The most promising potential source 
rock is the Mullera Formation, although it is possible that 
older source rocks in the underlying Lawn Hill Platform 
could have also supplied a charge to South Nicholson Basin 
reservoirs, providing these stacked basins are in hydraulic 
communication. Potential conventional reservoirs could be 
present at a number of levels within the succession in the 
NT, and these include the Constance Sandstone, which is 
reported to have fair to good porosity and permeability in 
the Qld portion of the basin (Randall 2013). There is also 

some potential for basin-centred unconventional gas in tight 
sandstones, as suggested by Armour (2013h). The principle 
risk in the basin appears to be thermal overmaturity.

toMkInSon ProVIncE

IntroductIon

The Tomkinson Province forms the northern part of the 
Tennant Region, which also includes the Warramunga and 
Davenport provinces (Figure 46). The Tomkinson Province 
comprises: (1) the Palaeoproterozoic (late Orosirian/
Statherian) Tomkinson Creek Group; (2) Statherian 
Namerinni Group; and (3) Mesoproterozoic Renner 
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Group. The Namerinni Group unconformably overlies 
the Tomkinson Creek Group, whereas the Renner Group 
unconformably overlies both of the other groups. None of 
these units has been metamorphosed. 

The Tomkinson Creek Group is correlated with the 
basal part of the Redbank Package (eg Donnellan et al 2001) 
of the McArthur Basin, and with the Hatches Creek Group 
of the Davenport Province (Blake 1984, Donnellan et al 
1995, Donnellan and Johnstone 2004). The Namerinni and 
Renner groups are correlated with the McArthur and Roper 
groups, respectively, of the McArthur Basin (Ward 1983, 
Jones et al 1996, Hussey et al 2001, Figure 2), both of which 
are very prospective for hydrocarbons. Hussey et al (2001) 
acknowledged lithostratigraphic and seismic evidence for 
probable stratigraphic continuity between the Tomkinson 
Province and McArthur Basin. The Namerinni Group 
has also been correlated with the Limbunya Group of the 
Birrindudu Basin; whereas the Renner Group has also been 
correlated with the South Nicholson Group of the South 
Nicholson Basin, and Tijunna Group of the Birrindudu 
Basin. A recent summary of the Tomkinson Province is in 
Donnellan (2013). Detailed lithostratigraphic descriptions 
are in Donnellan et al (1995, 1999, 2001), Hussey et al 
(2001) and Donnellan (2013).

Late Palaeoproterozoic

Tomkinson Creek Group

The Tomkinson Creek Group thickens from about 6500 m 
in the south to around 10 000 m in the north. Constituent 
units are (from the base up) the Hayward Creek (3500 m) 
and Morphett Creek (3200 m) formations; the Short Range 
Sandstone (1025 m); and the Attack Creek (400 m), Bootu 
(2200 m) and Carmilly (750 m) formations. The group is 
dominated by four cycles of thick siliciclastic units that 
alternate with mixed siliciclastic–carbonate intervals. These 
cycles probably represent major transgressive/regressive 
episodes. Lower-order sea-level changes are expressed 
within some of the constituent lithostratigraphic units of 
these four major cycles. The age of the Tomkinson Creek 
Group is poorly constrained, but the onset of sedimentation 
was probably contemporaneous with extension during the 
ca 1815–1805 Ma Murchison Event. The unconformity at 
the top of the group is probably associated with significant 
deformation during the Davenport Event, and represents a 
substantial time break (Hussey et al 2001). 

Namerinni Group

The Namerinni Group is a conformable succession of the 
Jeromah, Carruthers, Shillinglaw and Willieray formations. 
It unconformably overlies the Tomkinson Creek Group and 
is unconformably overlain by the Renner Group. The group 
is separated into distinct eastern and western successions, 
and constitutes a predominantly shallow-marine to fluviatile 
succession of sandstone, siltstone and carbonate rocks, 
with a maximum thickness of about 2800 m. The age of 
the Namerinni Group is not well constrained. Correlations 
with the McArthur Group (and in particular the Umbolooga 
Subgroup) by Ward (1983) indicate a Statherian age, and, 

more particularly, probable deposition in the time interval 
1660–1610 Ma (cf Page et al 2000, Southgate et al 2000). 

Early Mesoproterozoic

Renner Group

Following a substantial hiatus (ca 1610–1500 Ma), associated 
with regional tilting, faulting, erosion and a consequent 
angular unconformity, a succession of more than 3500 m 
of fluviatile and shallow-marine sedimentary rocks of the 
Renner Group, accumulated during a ca 1500–1430 Ma time 
interval. The Renner Group is a predominantly siliciclastic 
succession comprising, in ascending stratigraphic order, 
the Gleeson, Baralandji, Powell, Wiernty and Jangirulu 
formations, and the informally named Lake Woods beds. 
Dolerite sills intrude the upper part of the group. The 
group is unconformably overlain by the early(?) Cambrian 
Muckaty Sandstone Member of the Helen Springs Volcanics 
(Kalkarindji Province), Anthony Lagoon Formation (Kruse 
et al 2009) of the Georgina Basin, and by Cretaceous rocks 
of the onshore Carpentaria Basin.

Structure and tectonIc hIStory

The extensional ca 1815–1805 Ma Murchison Event is 
contemporaneous with the onset of sedimentation of the 
Tomkinson Creek Group, and is expressed in mafic sills, 
dykes and volcanic rocks in the Hayward Creek Formation. 
Two phases of folding are recognised and are attributed to 
the Palaeoproterozoic Davenport Event (Donnellan 2013). 
Faulting pre- and postdated the Namerinni Group. A final 
phase of open folding is present in the Renner Group, and 
postdates the intrusion of dolerite sills but predates the latest 
Neoproterozoic Ashburton Surface (Hussey et al (2001).

petroleum potentIal

There has been no significant petroleum exploration within 
the Tomkinson Province to date. However, the succession 
is equivalent to, and is probably in subsurface stratigraphic 
continuity with the very prospective McArthur and Roper 
groups of the McArthur Basin, which suggests that there 
might be some petroleum potential. The succession is 
thick and contains suitable fine to coarse siliciclastic and 
carbonate rocks that could potentially source, reservoir and 
seal petroleum accumulations. However, there have been 
no indications of petroleum within the succession, and the 
province should be considered a high-risk frontier basin for 
petroleum exploration.

FItzMAurIcE BASIn

IntroductIon

The Fitzmaurice Basin in the northwestern NT (Figure 47) 
contains the enigmatic Fitzmaurice Group, which is 
a succession, probably in excess of 3500 m thick, of 
unmetamorphosed siliciclastic, dominantly arenaceous 
sedimentary rocks, divided into four formations 
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(Figure 48). The group is poorly dated; a Palaeoproterozoic 
or Mesoproterozoic age is possible, and correlatives could 
include any of several Palaeoproterozoic groups in WA (eg 
Speewah, Kimberley groups), or any of several elements 
of the Birrindudu Basin, or the Carr Boyd Basin in WA. 
A maximum depositional age of 1640 Ma from detrital 
zircons in the Moyle River Formation of the Fitzmaurice 
Group (Chris Carson, Geoscience Australia, pers comm 
2009) would suggest a correlation with the ca 1640 Ma 
Limbunya or younger groups of the Birrindudu Basin. The 
possible correlation with units of the Carr Boyd Basin in 
WA is based on similar lithologies and structural setting. 
Key publications on the petroleum geology of the basin 
include Sweet et al (1974c), Plumb et al (1985), Dundas et al 
(1987b), Thorne and Tyler (1996) and Dunster (2013a).

Summary of StratIgraphIc SucceSSIon

The Fitzmaurice Group consists of four formations in the NT 
and is exposed in a northeast-trending structural belt from 
near the WA border to north of Daly River. It is difficult to 
distinguish between the formations on the ground, because 
of lithological similarity, subtle lateral facies changes, the 
lack of marker beds or diagnostic sedimentary structures, 
and structural complexity, including fault repetition. In 
ascending stratigraphic order, the four formations that 
comprise the Fitzmaurice Group are: the Moyle River 
Formation, Goobaieri Formation, Lalngang Sandstone and 
Legune Formation (Figure 48). 

The Moyle River Formation generally consists of fine- 
to coarse-grained quartz sandstone, and minor siltstone and 
conglomerate, and has an estimated thickness of 5000 m 
(Dundas et al 1987b, Figure 49), whereas the Goobaieri 
Formation comprises siltstone, shale, and medium- to fine-
grained sandstone with a maximum thickness in excess 
of 600 m (Sweet et al 1974c). The Lalngang Sandstone is 
exposed over a large area of the basin, and typically consists 
of silica-cemented quartz sandstone, conglomerate, and 
minor siltstone. It is 1400 m thick at the type section, but may 
be considerably thinner elsewhere. The Legune Formation 
generally consists of monotonous silica-cemented quartz 
sandstone / quartzite up to 600 m thick. By analogy with 
the similar Carr Boyd Group in WA, the Fitzmaurice Group 
is interpreted to have been deposited either in alluvial-fan, 
fluvial and shallow-marine shelf environments in an active 
strike-slip setting (Plumb et al 1985) or, alternatively, as a 
braided delta complex that prograded over a low-gradient, 
wave-influenced shallow-marine shelf (Thorne and Tyler 
1996).

Structure and tectonIc development

The Fitzmaurice Group is only exposed in a northeast-
trending structural corridor called the Fitzmaurice Mobile 
Zone (Figure 50). It is debatable if this represents the 
fundamental depositional basin or is merely its preserved 
remnants. Transcurrent faulting may have even moved the 
entire basin. Although many workers have postulated that 
deposition of the Fitzmaurice Group occurred during a 
period of rapid subsidence related to active transpressional 
or rift-bounding faults, or foredeep development, there 
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is, as yet, no documented evidence of growth faulting. 
The timing of basin formation and deformation is poorly 
constrained, and it is probable that at least some structure 
is inherited from basement by the reactivation of older 
northeast-trending faults. In the far north of its distribution, 
the Moyle River Formation has developed a weak to 
moderate foliation adjacent to faults. Where deformation 
is more severe, crenulation and kinking can be observed 
in finer-grained lithologies. In the south, the latest fault 
movements have offset the Fitzmaurice Group by hundreds 
of metres, but there is no discernable fabric in the rocks. The 
Victoria River Fault Zone controls the present distribution 
of the group to the southeast. Further northeast, the group is 
only exposed to the northwest of Tom Turners Fault, which 



60

5

3

4

21

Western Australia

Pincombe Formation

C
ar

r B
oy

d 
G

ro
up

Fi
tz

m
au

ric
e 

G
ro

up

Legune Formation

Goobaieri
Formation

Moyle River
Formation

Lalngang Sandstone

?

Stonewall Sandstone

Glenhill Formation

Lissadell Formation

Golden Gate Siltstone

Hensman Sandstone

Northern Territory

A09-088.ai

Undated volcanics

conformable contact
unconformity or 
disconformity
facies equivalence

coarse clastic

fine clastic

granite

volcanic rocks / granophyre

dolerite intrusion

?

     Geochronology sample 
1. Bow River Granite; 1853 ± 3 Ma
2. Murra-Kamangee Granodiorite;

1852 ± 33 Ma
3. 1640 Ma detrital zircons
4. Murrenja Dolerite; 1393 Ma,

1537 Ma 
5. Ti Tree Granophyre; ?1805 ± 4 Ma 

Dominant rock type

13°

14°

15°

16°

129° 130°30'

Pinkerto
n Range Fault

Spence
r R

ange FaultWhirlp
ool Reach

Fault

Fa
ul

t

M
oy

le
 R

iv
er

 F
au

lt

Co
ck

at
oo

 
Sys

tem

In
dia

n  
  H

ea
d

Fa
ult

G
ia

nt
s 

R
ee

f F
au

lt

Vi
ct

or
ia

 R
ive

r F
au

lt 
Zo

ne

Cha
lan

yi

Fault

To
m

 T
ur

ne
rs

 F
au

lt

Halls Creek Orogen

Halls Creek Fault

A14-064.ai

0 50 km

Fitzmaurice Mobile Zone

Neoproterozoic–Palaeozoic

Palaeo–Mesoproterozoic orogens

road

drainage

locality
Auvergne

Pine Creek
Orogen

Bonaparte
Basin

Bonaparte
Basin

Victoria
Basin

Wolfe
Basin

Bonaparte
Basin

Port Keats

Auvergne

Legune
Indian
Hill

W
A

N
T

Figure 48. Lithostratigraphic succession of the Fitzmaurice Group and a possible correlation with the Carr Boyd Group in WA, partly after 
Thorne et al (1999). This is only one of several possible correlations.

Figure 49. Moyle River Formation. Cobble conglomerate has 
eroded into underlying cross-bedded sandstone; cobbles consist 
of vein quartz (after Dunster 2013a).

Figure 50. Major faults of Fitzmaurice Mobile Zone. Location 
shown in Figure 47.
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also trends northeast. This fault has an interpreted dextral 
sense and a vertical downthrow of at least 1000 m (Dundas 
et al 1987b). Other major faults to affect the Fitzmaurice 
succession include the northeast trending Chalanyi Fault, 
and the Whirlpool Reach and Indian Head faults.

petroleum potentIal

The petroleum potential of the Fitzmaurice Basin is 
unassessed, and it is regarded as a high-risk basin for 
petroleum exploration. There appears to be little source 
potential within the succession, but proven source rocks 
are present in the adjacent onshore Bonaparte Basin to the 
west, and are also likely to be present in the Birrindudu 
Basin to the south and east. The basin contains a sandstone-
rich succession that could contain suitable reservoirs, but 
a regional seal is not present and effective seals would 
therefore be reliant on the presence of intraformational fine-
grained rocks. There is little information on the types of 
possible trap that might be present within the basin and the 
thermal maturity of the succession is unknown. 

nEoProtErozoIc to PHAnErozoIc BASInS

AMAdEuS BASIn

IntroductIon

The Neoproterozoic to Late Devonian–Early Carboniferous 
Amadeus Basin is a large, elongate intracratonic basin, 
located mostly in the southern NT to the south and west of 

Alice Springs, but with about one-fifth of the exposed basin 
extending into WA (Figure 51). It has an exposed area of 
ca 170 000 km2, and extends approximately 800 km east–
west and a maximum of about 300 km north–south. The 
basin overlies basement rocks of the Musgrave Province to 
the south and the Warumpi and Aileron provinces (Arunta 
Region) to the north. It is overlain by the Permian–Triassic 
Pedirka and Mesozoic Eromanga basins in the east and the 
Palaeozoic Canning Basin in the west. Large areas are also 
overlain by Cenozoic sedimentary deposits, particularly 
in the south. Early–middle Palaeozoic parts of the 
succession were probably continuous to the southeast with 
equivalent strata of the subsurface Warburton Basin, which 
extends into SA and southwestern Qld, but the easterly 
distribution of older Neoproterozoic strata is unknown. The 
Amadeus Basin formed part of the regionally extensive 
Neoproterozoic–early Palaeozoic Centralian Superbasin 
(Walter et al 1995, Munson et al 2013b), and during this 
time was probably contiguous with other now-separate 
basins in northern, central and southern Australia.

There have been numerous regional studies of the 
Amadeus Basin since the 1960s and the more significant 
of these are listed and discussed in Edgoose (2013a), which 
contains a relatively comprehensive review of its geology, 
tectonic setting and mineral resources. The basin was long-
lived and contains a relatively thick sedimentary succession. 
Sedimentation typically occurred within laterally migrating 
depocentres that resulted from ongoing processes of basin 
development and localised episodes of extension and 
contraction. These processes created the generally recognised 
major basin architecture of platforms, ridges and sub-basins 
(Lindsay and Korsch 1991). The major morphological 
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features are the Central Ridge; the southern platform; the 
Carmichael, Ooraminna and Mount Currie sub-basins; 
and the Missionary Plain Trough (Figure 52). Up to 14 km 
thickness of sedimentary rocks are preserved in places along 
the basin’s northern margin, and the troughs and sub-basins 
to the north average 6–12 km. Wellman (1991) reported that 
the sedimentary succession reaches a thickness of 3–4 km 
over the Central Ridge and about 4 km in a poorly defined 
‘broad deep’ in the southwest. There is a progressive decrease 
in the thickness of the succession to the southeast. The basin 
has been significantly tectonically modified during two major 
intracratonic orogenic events: the 580–530 Ma Petermann 
Orogeny and the 450–300 Ma Alice Springs Orogeny (ASO). 
It is now a preserved structural remnant of a broad, shallow 
basin that at times during its history was far more extensive. 

The Amadeus Basin is one of the most prospective 
onshore areas in the NT for both conventional and 
unconventional oil and gas, and hosts the producing 
Mereenie oil and gas field, Palm Valley gas field and 

Surprise oil field. However, despite this, it remains very 
underexplored by world standards. Only a few drillholes 
are located away from the Central Ridge to the south 
and west, and much of the data in these areas is of 1960s 
vintage; therefore, the greater Amadeus Basin can be 
considered a ‘greenfields’ area and a frontier basin for 
petroleum exploration. Key publications include Ranford 
et al (1965), Forman (1966), Wells et al (1965, 1966, 1967, 
1970), Jones (1972), Kurylowicz et al (1976), Jackson et al 
(1984), Schroder and Gorter (1984), Ozimic et al (1986), 
Kennard and Nicoll (1986), Lindsay (1987, 1993), Weste 
(1989a, 1990, 1994), Korsch and Kennard (1991) and papers 
therein, Walter et al (1995), Haines et al (2001, 2010, 2012a), 
Burgess et al (2002), Marshall (2003, 2004), Munroe et al 
(2004), Warburton et al (2005), Ambrose (2006a, 2007, 
2010, 2011a, b), Munson and Ambrose (2007) and papers 
therein, Tiem et al (2011), DSWPET (2011a), Ambrose and 
Scott (2012) and papers therein, and Edgoose (2013a), as 
well as numerous open file company reports. 

Figure 52. (a) Architecture of Amadeus Basin, showing drainage and locations of sub-basins, Missionary Plain Trough, Central Ridge and 
Southern Platform elements (slightly modified after Marshall et al 2007). (b) SEEBASETM image (after Pryor and Loutit 2005), showing 
interpreted Proterozoic basement highs (yellow–brown tones) and depocentres (blue–green tones).
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Summary of StratIgraphIc SucceSSIon

The Amadeus Basin contains a thick sedimentary 
succession, summarised in Figure 53, that ranges from the 
Neoproterozoic (Cryogenian) to the Late Devonian–Early 
Carboniferous. 

The Neoproterozoic succession in the Amadeus Basin 
averages about 2000 m, increasing to about 3000 m in the 
northeast (Lindsay 1993). It has commonly been described 
in terms of four supersequences, separated by major 
unconformities, which were used by Walter et al (1995) to 
describe the Centralian A Superbasin succession, of which 
the Amadeus Basin formed a part. These supersequences 
correspond to Megasequences 1–3 of Lindsay and Leven 
(1996) and Lindsay (2002), and have been further refined in 
a number of subsequent publications (eg Walter and Veevers 
1997, 2000).

The Palaeozoic succession has been mostly subdivided 
into a number of groups, separated by unconformities 
or disconformities, and deposited under a range of 
palaeoenvironments. The entire succession is described in 
full in Edgoose (2013a) and is briefly summarised below. 

neoproterozoic: Supersequence 1

The Cryogenian Supersequence 1 succession of the 
Amadeus Basin comprises a widespread basal sandstone/
quartzite, followed by carbonate, evaporite and fine 
siliciclastic rocks. It includes the basal Kulail Sandstone 
in the southwest of the basin; the widespread Heavitree 
Quartzite and its correlative, the Dean Quartzite, on the 
southwestern margin of the basin; and the widespread 
Bitter Springs Formation and its correlative, the Pinyinna 
beds, on the southwestern margin of the basin. The basal 
sandstone/quartzite interval is generally immature, 100–
300 m thick and regionally very extensive. Lindsay (1999, 
2002) suggested that the widespread deposition of this 
sand sheet may have been related to regional uplift and 
peneplanation, followed by broad regional subsidence, 
resulting in the deposition of sands that were redistributed 
by fluviatile and tidal processes. 

The overlying Bitter Springs Formation consists of 
crystalline dolomitic limestone, dolostone and limestone, 
siltstone, gypsiferous siltstone, sandstone, halite and 
evaporites. These were probably deposited in a range 
of shallow-marine, lacustrine and alluvial floodplain 
environments. A thin and probably discontinuous spilite unit 
also occurs within the succession, which has enabled the unit 
to be dated at ca 820 Ma (Edgoose 2013a). The formation 
is subdivided into the Gillen, Loves Creek and informally 
named Johnnys Creek members. The Gillen Member is of 
particular significance in that it contains major evaporite units 
with halite and, in some parts of the basin, potassium salts. 
During basin evolution, these evaporites were mobile and 
the highly variable thickness of the member has been largely 
determined by these intraformational salt movements, which 
greatly distort the original stratigraphic thickness. Halite 
units up to 850 m thick have been recognised in drillholes (eg 
Murphy-1), and remobilised salt layers that appear to increase 
in thickness towards the present northern margin of the basin 
have been recognised in seismic datasets. 

neoproterozoic: Supersequence 2

The middle–late Cryogenian Supersequence 2 succession 
reaches a total thickness of 1600–2100 m in the Amadeus 
Basin and is characterised by basal glaciogenic deposits, 
overlain by siltstone, shale, and interbedded carbonate 
and sandstone. It is represented in the northern part of 
the basin by tillite of the Areyonga Formation and by 
sandstone and shale of the overlying Aralka Formation, 
and in the southern and western parts of the basin by 
diamictite, sandstone and siltstone of the lower part of the 
Inindia beds. The glaciogenic rocks have been correlated 
with similar deposits found in the Adelaide Fold Belt, in 
other parts of Australia and on other continents (Preiss 
et al 1978) that were deposited during the relatively long-
lived, globally significant Sturtian glaciation (Preiss 
and Forbes 1981, Evans 2000). The overlying succession 
was probably deposited during a subsequent phase of 
widespread flooding that resulted from eustatic sea level 
rise after deglaciation (Walter et al 1995). 

neoproterozoic: Supersequence 3

The late Cryogenian–Ediacaran Supersequence 3 
succession of the Amadeus Basin is greater than 2000 m in 
thickness and includes glacial and post-glacial transgressive 
deposits somewhat similar to those of Supersequence 2. 
The glacial strata have been correlated with similar 
deposits throughout Australia (Preiss and Forbes 1981) and 
are generally attributed to the latest Cryogenian Elatina 
(formerly Marinoan) glaciation. In the northeastern portion 
of the Amadeus Basin, the Supersequence 3 succession 
comprises, in ascending stratigraphic order: diamictite, 
siliciclastic rocks and dolostone of the Olympic Formation, 
and conglomerate and sandstone of the equivalent Pioneer 
Sandstone; sandstone and conglomerate of the Gaylad 
Sandstone; siltstone and shale of the Pertatataka Formation; 
and dolostone, limestone and siltstone with sandstone 
lenses of the Julie Formation. In the south of the Amadeus 
Basin, sandstone and siltstone of the upper Inindia beds are 
equated with this succession (Figure 53). In the western part 
of the basin in WA, equivalent carbonate and siliciclastic 
rock units are included within the Boord Formation (Haines 
et al 2009, 2010).

neoproterozoic: Supersequence 4–late cambrian

The Supersequence 4 succession of the Amadeus Basin 
ranges up to 800 m in thickness and is dominated by 
synorogenic sandstone deposited at the time of the 580–
530 Ma Petermann Orogeny. It is represented by sandstone, 
siltstone, shale and minor conglomerate of the lower parts 
of the Arumbera Sandstone and Winnall beds, and the 
probably equivalent Carnegie Formation in the WA portion 
of the basin (Haines et al 2009, 2010). The succession was 
deposited in response to tectonic uplift of the Musgrave 
Province as a result of the Petermann Orogeny. This uplifted 
area become a major source of sandy sediment for deltas 
building out into the Amadeus Basin to the north.

During the Cambrian, depositional loci migrated 
northward and sedimentation was concentrated in major 
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sub-basins and troughs to the north of the Central Ridge 
(Figure 52). A total of about 2800 m of clastic rocks 
was shed into the Carmichael Sub-basin and about 
1500 m into the Missionary Plains Trough (Lindsay 
1993). These sub-basins may have been bounded by 
high-angle reverse faults, or by extensional faults, that 
were later rejuvenated during the ASO, thereby masking 
the structural mechanism (Ambrose 2006a). Cambrian 
stratigraphic units display relatively complex vertical and 
lateral facies relationships and are included within the 
Pertaoorrta Group, or are ungrouped. The Pertaoorrta 
Group is stratigraphically variable from east to west of 
the basin, and comprises many named units that represent 
facies changes across the geographic area of distribution. 
The group is dominated by carbonate rocks in the east, and 
siliciclastic successions in the west (Kennard and Lindsay 
1991). During the Cambrian, the Central Ridge appears 
to have remained an effective barrier to the widespread 
transport of sediment northward, and clastic material was 
largely diverted around the western edge of the Central 
Ridge into the northern sub-basins. This would account for 
the presence in the Cambrian succession of coarser clastic 
rocks in the west, finer clastics in the central areas and 
carbonate-dominated successions in the east. Figure 54 
lists the various formations of the group and shows their 
relationships and broad distribution.

The Arumbera Sandstone forms the base of the 
Pertaoorrta Group and straddles the Ediacaran–Cambrian 
boundary; the Ediacaran component is assigned to 
Supersequence 4 and is a basinal–deltaic–fluvial siliciclastic 
succession that extends throughout much of the north of the 
basin (Kennard and Lindsay 1991). The early Cambrian 
upper Arumbera Sandstone is a basinal-deltaic succession, 

which is overlain in the Ooraminna Sub-basin by tidal-
flat carbonate rocks, transgressive oolitic barrier bars and 
archaeocyathan build-ups of the Todd River Dolostone. 

Ungrouped, probably early Cambrian units forming 
thick successions in the south and west of the Amadeus 
Basin include the upper part of the Winnall beds, Mount 
Currie Conglomerate, Mutitjulu Arkose, Ellis Sandstone 
and Maurice Formation. These predominantly coarse-
grained clastic units are probably late syn- to post-tectonic 
with respect to the later phases of the Petermann Orogeny 
(Haines et al 2012a, b) and their sediments were mostly 
derived from uplifted and eroded terranes to the south, 
including older rocks of the Amadeus Basin and basement 
rocks of the Musgrave Province.

A major eustatic sea level cycle has been recognised 
in the middle Cambrian geological succession of the basin 
(Bradshaw 1991, Kennard and Lindsay 1991). During 
the lowstand in the late early or early middle Cambrian 
(Ordian–early Templetonian), halite, foetid carbonate 
mudstone, shale and siltstone of the Chandler Formation 
were deposited in a shallow-water, deep, desiccated sub-
basin in the central and eastern parts of the Amadeus 
Basin (Bradshaw 1991). This formation is notable for 
its widespread halotectonic bedding disturbances in 
eastern–central areas of outcrop; more westerly outcrops 
of the formation, where halite is absent, are relatively 
undisturbed. The Chandler Formation is overlain by 
transgressive nearshore to shallow-marine sedimentary 
rocks, leading to a highstand of carbonate ramp deposits 
in the east (middle–upper Giles Creek Dolostone) and 
widespread, locally organic-rich marine shales of the 
Tempe Formation and lower Hugh River Shale in the west 
(Kennard and Lindsay 1991). 
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The upper formations of the Pertaoorrta Group comprise 
a complex east–west facies mosaic across the basin and also 
record a eustatic sea level cycle (Kennard and Lindsay 1991). 
During the lowstand, fluvial sands of the Cleland and Illara 
sandstones prograded eastward into the western Idirriki and 
central Carmichael sub-basins, and cyclical shallow-marine 
shale and intertidal stromatolitic carbonate sediments of the 
lower Shannon Formation accumulated on the ramp in the 
east of the basin. These deposits are overlain by transgressive 
shale and subtidal thrombolitic carbonate rocks of the upper 
Shannon Formation and Jay Creek Limestone, which spread 
westward across the ramp, with marine shale extending into 
the Carmichael Sub-basin. During the highstand, gravelly 
fluvial sands of the Cleland Sandstone accumulated within 
the Idirriki Sub-basin, and thick fluvial–deltaic sediments 
of the Petermann Sandstone and Deception Formation 
prograded eastward into the Carmichael Sub-basin. These 
are overlain by peritidal sandstone and oolitic carbonate 
rocks of the lower Goyder Formation. Late Cambrian 
nearshore to outer shelf calcareous sands of the upper 
Goyder Formation are widely distributed across the basin 
and are indicative of relatively uniform subsidence at the 
time. This period of protracted slow thermal subsidence 
persisted throughout the Ordovician and later times, with 
the result that the younger Palaeozoic strata tend to be much 
more extensive throughout the basin than in the Cambrian 
(Kennard and Lindsay 1991).

Latest cambrian–ordovician

Latest Cambrian–Ordovician strata of the Amadeus Basin 
are included within the Larapinta Group, a widespread 
succession of clastic sedimentary rocks that generally 
thickens towards the north of the basin. The group is divided 
into five formations: in ascending stratigraphic order, 
the Pacoota Sandstone, Horn Valley Siltstone, Stairway 
Sandstone, Stokes Siltstone and Carmichael Sandstone. 
These were mostly deposited in shallow-marine to paralic 
conditions. Because of the group’s potential for petroleum 
and phosphate, it has been better studied than most of the 
other successions in the basin. 

The palaeogeographic configuration of the Amadeus 
Basin during the Ordovician is unclear. Many reconstructions 
(eg Webby 1978, Nicoll et al 1988, Walley et al 1991) 
show an open east–west seaway (Larapintine Seaway) 
across the continent at that time, and the thick successions 
of the Amadeus and Canning basins are often depicted 
as being linked as a single, large depositional system. 
However, differences in the successions, depositional style, 
hydrocarbon systems and sediment source areas, as well as 
a fairly high degree of faunal endemism suggest that the 
basins may not have been connected, or that the connection 
was tenuous (eg Veevers 1976, Haines and Wingate 2007). 
The Amadeus Basin shows evidence of having been open 
to the east, and clastic material was generally sourced from 
areas in eastern Australia.

The basal Pacoota Sandstone outcrops extensively 
across the northern part of the basin and is best exposed 
as prominent strike ridges and high escarpments. The 
formation consists of sandstone and lesser shale, deposited 
in a range of shallow-marine and paralic environments. It is 

the most areally restricted unit of the Larapinta Group but, 
at 700–800 m, is also the thickest. Several subdivisions of the 
Pacoota Sandstone have been attempted. Huckaba (1970) and 
Kurylowicz et al (1976) subdivided it into four informal units 
(in descending stratigraphic order, P1 to P4), based on gross 
lithology and wireline log characteristics, and Deckelman 
(1991) further subdivided unit P3 in recognition of a fluvial 
facies (distal braided stream) at its base. The lower unit, P3B, 
is the dominant oil and gas producing interval at the Mereenie 
field and is surface mappable for hundreds of kilometres in the 
north-central and northwestern parts of the basin. Shergold 
et al (1991) subsequently subdivided the formation into four 
informal ‘sequences’ (in ascending order, 1–4), separated by 
unconformities or disconformities, as shown in Figure 53. 

The Horn Valley Siltstone was described by Pritchard 
and Quinlan (1962) as being conformable on the Pacoota 
Sandstone; however, Gorter (1991a) has demonstrated an 
unconformable contact at several locations. The formation 
has a maximum thickness of about 422 m and is broadly 
similar in distribution to the Pacoota Sandstone, but is 
much more poorly exposed, largely in strike valleys. It 
comprises thinly bedded organic-rich shale and siltstone, 
with bedded nodular limestone abundant in some intervals 
(Shergold 1986). The formation has been divided into 
10 informal members, which reflect vertical lithofacies 
variations in the interpreted shallow-marine depositional 
environment (Elphinstone and Gorter 1991). It is the source 
rock and forms a regional seal for hydrocarbon reservoirs at 
the Mereenie and Palm Valley petroleum fields. It also has 
significant potential for shale gas (Tiem et al 2011).

The Stairway Sandstone is disconformable on the Horn 
Valley Siltstone in the northern part of the basin, and is 
the most widespread of the Larapinta Group. It reaches a 
maximum thickness of 544 m (Shergold 1986) and has a 
gradational upper contact with the conformably overlying 
Stokes Siltstone. The formation consists of massively 
bedded quartzic sandstone and thinly bedded sandstone, 
with minor black shale, siltstone and thin limestone layers. 
It has been subdivided into three informal units (Cook 
1972); the lower and middle units were deposited in shallow 
subtidal and partly intertidal conditions, whereas deeper-
water conditions prevailed during deposition of the upper 
unit.

The Stokes Siltstone is a recessive valley-forming unit, 
with a maximum thickness of about 650 m in the north-
central part of the basin. Shergold (1986) described the 
formation as comprising a lower siltstone and limestone 
lithofacies, and an upper sandstone and shale lithofacies, 
whereas Nicoll in Kennard and Nicoll (1986) described three 
parts to the Stokes Siltstone: a lower interval of interbedded 
shale and siltstone, with thin beds of fossiliferous limestone; 
a middle interval of shale and lesser siltstone; and an upper 
interval of interbedded shale, siltstone and fine sandstone. 
The formation was deposited in a range of shallow-marine 
environments. 

The Carmichael Sandstone, at the top of the Larapinta 
Group, is poorly exposed across the western and central 
parts of the Amadeus Basin, but is absent in the east. The 
formation has a maximum thickness of about 150 m in the 
southern part of the basin (Owen in Kennard and Nicoll 
1986), and comprises interbedded pale brown to red-brown 
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sandstone, siltstone and mudstone. These indicate a mixed 
depositional environment that included shallow-marine to 
possibly hypersaline and fluvial conditions. 

Late ordovician?–Early devonian?

The ungrouped Mereenie Sandstone has a maximum 
thickness of about 1000 m and is one of the most widespread 
units of the Amadeus Basin, with a present-day east–west 
extent of about 800 km and a north–south extent of about 
200 km (Owen in Kennard and Nicoll 1986). The formation 
is variably thinly to thickly bedded and comprises fine-
grained, occasionally medium-grained, very pure quartz 
sandstone. Most of the lower part was deposited under 
shallow-marine conditions, particularly in the central part 
of the basin, whereas much of the upper part is aeolian–
fluvial. Palaeocurrent data suggest an east-southeast-
trending shoreline for the lower marine section, and 
sediment transport towards the east and south for the upper 
section (Owen in Kennard and Nicoll 1986).

devonian

The Devonian succession in the Amadeus Basin comprises 
the correlative Pertnjara and Finke groups, which were 
deposited during the final phase of sedimentation in the 
Amadeus Basin. The Pertnjara Group is widespread 
across the central and western parts of the northern half 
of the basin, whereas the Finke Group is confined to the 
southeastern and south-central parts. These successions are 
entirely terrestrial, and were deposited in response to uplift 
associated with the early phases of the ASO.

The Pertnjara Group comprises, in ascending 
stratigraphic order, the Parke Siltstone, Hermannsburg 
Sandstone and Brewer Conglomerate. The Parke Siltstone 
has a maximum thickness of about 1000 m and consists 
mostly of recessive micaceous siltstone, with thin interbeds 
of lithofeldspathic quartz sandstone (Owen in Kennard and 
Nicoll 1986). Jones (1972) and Young et al (1987) divided 
the formation into five members; in ascending stratigraphic 
order, these are the Deering Siltstone Member and probably 
equivalent N’Dahla Member, Harajica Sandstone Member, 
Dare Siltstone Member and Amulda Member. The 
Hermannsburg Sandstone has a wide distribution across 
the basin, with a maximum thickness of about 1100 m, and 
is the dominant element in most outcrops of the Pertnjara 
Group. In general, the formation consists of poorly sorted 
lithofeldspathic quartz sandstone, which forms repeated 
upward-fining fluvial cycles (Owen in Kennard and Nicoll 
1986). Jones (1972) recognised three members within the 
formation; in ascending stratigraphic order, these are the 
Ooraminna Sandstone Member, Owen Springs Sandstone 
Member and Ljiltera Member. The Brewer Conglomerate 
is up to 3000 m thick and is restricted to the northern part 
of the basin. It is a succession of polymictic, pebble, cobble 
and boulder conglomerates, with subordinate interbedded 
sandstone and conglomeratic sandstone, that forms the 
top of the Pertnjara Group. Owen in Kennard and Nicoll 
(1986) interpreted the formation to be a synorogenic 
molasse deposit, formed by coalescing piedmont alluvial 
fans on the southern flank of the emerging northern margin 

of the basin and underlying basement. The composition 
of the clasts reflects the progressive exposure of older 
rocks in the uplifted northern source area. Jones (1972) 
defined the Undandita Member as an upper succession of 
conglomeratic sandstones that can be distinguished from 
more massive conglomerates below. This member is the host 
to sedimentary uranium deposits at Angela and Pamela, and 
several other locations in the northeast of the basin.

The Finke Group is a correlative of the Pertnjara 
Group and is confined to the southeast and south-central 
parts of the basin. The group comprises four formations; 
in ascending stratigraphic order, these are the Polly 
Conglomerate, Langra Formation, Horseshoe Bend Shale 
and Idracowra Sandstone. The lower three formations form 
an overall upward-fining succession and have a southerly 
to southwesterly sediment provenance, consistent with 
progressive uplift of the Musgrave Province to the south. 
However, the upper unit (Idracowra Sandstone) fines 
southward and has northerly and northwesterly source areas, 
suggesting a switch in provenance to the progressively 
emergent Arunta Region to the north.

Structure and tectonIc hIStory

The Amadeus Basin has had a complex tectonic evolution 
that has been influenced both by halotectonics and large-
scale intracratonic tectonics. The northern and southwestern 
margins of the basin are considerably tectonically modified, 
the southwestern margin during the Petermann Orogeny 
and the northern margin during the Alice Springs Orogeny. 
These orogenies formed intracratonic, fold-thrust belts 
that shaped the Amadeus Basin, with displacements 
accommodated in the footwalls of crustal-scale fault 
systems (Flöttmann et al 2004). 

The early history of the Amadeus Basin is as part of 
the Neoproterozoic Centralian A Superbasin (Walter et al 
1995, Munson et al 2013b), which also encompassed the 
Officer, Ngalia, Georgina, Murraba, Wolfe and Victoria 
basins, and probably several smaller basins in northeastern 
WA. Formation of this superbasin was probably related to 
northeast–southwest-directed intracratonic extension across 
the Rodinia Supercontinent, which eventually led to the break-
up between North America and Australia at ca 830 Ma (de 
Vries et al 2000, Lindsay 2002). After the breakup of Rodinia, 
sedimentation continued locally in the Amadeus Basin until 
ca 800 Ma, followed by a lengthy hiatus of up to 100 million 
years. Renewed but localised sedimentation related to the 
700–690 Ma Sturtian glaciation was followed by deposits 
associated with the younger Ediacaran Elatina (Marinoan) 
glaciation. Sedimentation in the Centralian A Superbasin 
as a single widespread depositional system was terminated 
by the 580–530 Ma Petermann Orogeny, which coincided 
with the final stages of the assembly of Gondwana (de Vries 
et al 2000). The Petermann Orogeny was characterised by 
uplift and exhumation of the Musgrave Province, which 
separated the Officer Basin from the Amadeus Basin and 
other more northerly components of the superbasin (Walter 
and Veevers 1997, Camacho and McDougall 2000). The 
orogeny resulted in the formation of an intracratonic fold-
thrust belt along the southern margin of the basin, with 
displacements accommodated in the footwalls of north-
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directed, crustal-scale fault systems (Flöttmann et al 2004). 
This was accompanied by the structural deformation of 
Neoproterozoic rocks and significant syn- and post-orogenic 
sedimentation in the south of the basin. The effects of the 
orogeny decreased northward, so that there is little evidence 
of it in the northern part of the basin.

Following the Petermann Orogeny, the Amadeus 
Basin formed part of the Cambrian–Ordovician 
Centralian B Superbasin (Munson et al 2013b), which, at 
its maximum extent in the middle Cambrian, incorporated 
the intracratonic southern Bonaparte, Ord, Daly, Wiso, 
Georgina, Ngalia and Warburton basins, and probably the 
Irindina Province and eastern Officer basins. During this 
time, a thick succession of clastic and lesser carbonate 
rocks was deposited within the basin. Compressional 
deformation events of the ASO eventually dismembered 
this superbasin, although synorogenic deposition continued 
in the Amadeus Basin until deposition was finally 
terminated in the Late Devonian–Early Carboniferous. 
The ASO was long-lived and involved a series of discrete 
events, commencing with the Late Ordovician Rodingan 
Event that involved the juxtaposition of the Aileron and 
Irindina provinces to the northeast of the basin, followed 
by a thick-skinned, bivergent east-trending orogenic 
system in the Devonian (Pertnjara–Brewer events), and an 
east-southeast-trending, south-directed thrust system in 
the Carboniferous (Eclipse Event). The orogeny resulted 
in the formation of an intracratonic fold-thrust belt 
along the northern margin of the basin, similar to that 
along the southern margin, but with southerly directed 
displacements on the major fault systems (Haines et al 
2001), and it was accompanied by extensive synorogenic 
sedimentation in the north of the basin. The effects of 
the orogeny decreased southward, so that there is little 
evidence of it in the southern part of the basin. One of the 
few areas where the effects of the Petermann and Alice 
Springs orogenies overlap is in the northwest of the basin, 
where there are dome-and-basin fold patterns that suggest 
the interaction of fold systems generated during the two 
orogenies (Flöttmann et al 2004).

The evolution of the Amadeus Basin has been 
described as a series of phases or stages characterised 
by the tectonic regime and sedimentary environments 
in operation at the time. Lindsay and Korsch (1991) 
recognised three main stages of basin evolution. Stage 1 
was a long-lived extensional–thermal relaxation event 
(ca 900–590 Ma), probably made up of a series of smaller-
scale events to account for its longevity. The second stage 
(ca 580–450 Ma) comprised a typical extension followed 
by a thermal relaxation event. Stage 3 (ca 450–300 Ma) 
was the final compressional phase of basin evolution, 
which was strongly associated with the ASO. Events 
relating to this stage account for most of the obvious 
structures (folds, domes and thrusts) in the present-day 
surface geology. Shaw (1991) subdivided the tectonic 
development of the basin in more detail, and described 
at least nine tectono-stratigraphic intervals, separated by 
regional unconformities, which strongly influenced basin 
shape and evolution. This tectono-stratigraphic record is 
interpreted to have largely resulted from forces at plate 
margins well outside the region.

petroleum potentIal

Exploration history

Petroleum exploration began in the Amadeus Basin in 
the 1950s with a period of reconnaissance work by the 
then Bureau of Mineral Resources (BMR). The basin 
has intermittently been the focus of petroleum industry 
activity since the discovery of hydrocarbons in the 1960s, 
culminating in the development of the Mereenie oil and gas 
field and Palm Valley gas field in the mid 1980s (Figure 55). 
These are significant fields and both are in the Ordovician 
Pacoota Sandstone–Horn Valley Siltstone–Stairway 
Sandstone succession. The Mereenie field was discovered 
in 1963 by Exoil NL (later AGL Petroleum Ltd), which was 
then in joint venture with Magellan Petroleum (NT) Pty Ltd 
(Magellan). The oil and gas assets and oil pipeline interests 
of AGL, including Mereenie, were acquired by Santos Ltd 
(Santos) in 1993. Magellan discovered the Palm Valley 
gas field in 1965 and the Dingo gas prospect in 1981. Gas 
production commenced from Palm Valley in 1983 and oil 
and gas production from Mereenie in 1984, but the Dingo 
field remains undeveloped. Initial reserves at Mereenie were 
24 mmstb of oil and 462 Bcf (489.93 PJ) of gas, and at Palm 
Valley, 230 Bcf (243.91 PJ) of gas. In the late 1980s and 
early 1990s, a number of other companies explored in the 
basin, including Pacific Oil and Gas Ltd (Pacific), who were 
focused mainly on the southern half of the basin. Pacific 
conducted extensive integrated work programs, including 
geological mapping, geophysical acquisition and the drilling 
of two wells, which culminated in the discovery of sub-
commercial gas reservoired in the Heavitree Quartzite in 
Magee-1 (Collins 1991, Rempel et al 1991, Wakelin-King G 
and Austin 1992, Wakelin-King 1993, 1994). By 1992, when 
the last exploration well of that period was drilled, a total of 
33 wells had been drilled in the basin, which equated to just 
one drillhole per 5200 km2, and approximately 2700 line km 
of seismic had been acquired (Figure 55). Since that time, 
exploration and scientific studies in the basin have been 
largely focused on the Ordovician petroleum system in the 
northern and eastern parts of the basin.

Exploration interest in the basin was renewed in the early 
2000s, with Central Petroleum Ltd (Central) embarking 
on a significant phase of exploration. By 2012, Central 
had acquired exploration permits, either granted or under 
application, over most of the Amadeus Basin in the NT and 
WA. Several seismic surveys were conducted within these 
tenements and three wells were drilled (Central Petroleum 
2011h). Drillhole Ooraminna-2 tested a large gas prospect 
close to Alice Springs that had already flowed gas to 
surface in a previous well drilled in 1963. It flowed gas to 
surface from a tight reservoir zone in the Pioneer Sandstone 
(Central Petroleum 2010a). In 2010–2011, Central undertook 
a drilling program in the west of the basin in an unexplored 
area to the west of the Central Ridge. Johnstone West-1 
confirmed the presence of ‘live’ oil in the Ordovician section 
in this area. The nearby wells, Surprise-1 and Surprise-1 
REHST1, which were drilled to test the same objectives as 
in Johnstone West-1 but in a deeper portion of the basin, 
flowed light sweet crude to surface without pumping 
(Central Petroleum 2013d), making this the first major 
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onshore oil flow in the NT in nearly 50 years. A production 
licence to develop this discovery as a commercial oil field 
was granted in February 2014. 

In October 2012, Central announced a significant farm-
out agreement with Santos, whereby Santos agreed to 

spend up to A$150 million on the exploration and potential 
development of up to 13 permit/application areas in the 
Amadeus and Pedirka basins, in order to obtain rights of 
up to 70% of the area of the joint venture, and operatorship 
of exploration programs and of any developed fields. In 

Figure 55. (a) Location of petroleum wells and (b) seismic lines in Amadeus Basin. Base maps derived from GA 1:1M geology and NTGS 
1:2.5M geological regions GIS datasets.
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the Amadeus Basin, a total acreage of about 11.5 million 
acres (ca 4.65 million hectares) was farmed out to Santos, 
with Central retaining a 100% interest over the remaining 
21.5 million acres (ca 8.7 million hectares) and the Surprise 
discovery (Central Petroleum 2012c). Santos has embarked 
on a four-year, three-phase exploration program, which 
commenced in mid 2013, in the joint venture area. The 
initial phase features an 1800 line km seismic survey 
program and one exploration well, Mount Kitty-1, in the 
south of the basin.

Prior to 2011, operating licences for the producing fields 
(Mereenie and Palm Valley) in the Amadeus Basin were 
jointly held by Santos and Magellan. However, in 2011, these 
companies entered an ‘asset swap’ agreement, whereby 
Magellan acquired Santos’ interests in the Palm Valley and 
Dingo gas fields, and Santos acquired Magellan’s interest 
in the Mereenie oil and gas field. The two companies also 
entered into a 17-year Gas Supply and Purchase Agreement 
for the sale to Santos of nearly all of Palm Valley’s remaining 
gas reserves. In 2013, Santos committed to a $100 million 
drilling and appraisal program in 2013–2014 at Mereenie 
to target oil while also evaluating natural gas resources, 
with the aim of greatly extending the life of the field (Santos 
2013b). The Dingo field will commence production in 2015, 
with the gas to be purchased by the NT Power and Water 

Corporation over a 20-year period (Magellan Petroleum 
Corporation, media release, 12 September 2013). In 
February 2014, Central Petroleum purchased all Amadeus 
Basin assets of Magellan, including the Palm Valley and 
Dingo fields, and associated infrastructure, including 
pipelines, and is currently the sole owner and operator of 
these assets (Central Petroleum 2014a).

Source rockS

Potential hydrocarbon source rocks in the Amadeus Basin 
have not been well studied below the Ordovician Horn 
Valley Siltstone, the source rock for the conventional oil and 
gas fields at Mereenie, Palm Valley and Surprise; however, 
there is also some potential in some other early Palaeozoic 
units and in the Neoproterozoic succession (Marshall 2004). 
Significant previous studies of the potential source rocks 
within the basin include McKirdy (1977), Felton and West 
(1982), Gorter (1982b, 1983a, 1984a), Jackson et al (1984), 
Summons and Powell (1991), Marshall (2003, 2004, 2006) 
and Tiem et al (2011).

Source rock units

Gillen Member (Bitter Springs Formation)

The Gillen Member (Wells et al 1970) forms the lower 
part of the Bitter Springs Formation and has fair to good 
potential as a source rock. The member is paraconformable 
on the Heavitree Quartzite, and is disconformably overlain 
or, in places, in fault contact with the Loves Creek Member. 
Lindsay (1993) recognised at least five depositional cycles 
in the Gillen Member, two of which contain major evaporite 
units. At the base of the member, a major transgressive event 
resulted in the deposition of thick black shale (Figure 56a). 
The overlying section comprises dolostone (Figure 56b), 
stromatolitic dolostone, occasional grey shale and cross-
bedded sandstone. An upper evaporitic succession, which 
increases in thickness towards the present northern margin 
of the basin, was deposited during a sea-level lowstand, 
and can be generalised as a lower dolomite/anhydrite unit, 
overlain by a thick halite unit, capped by another dolomite/
anhydrite unit (Lindsay 1993). During basin evolution, 
these evaporites were mobile and the highly variable 
thickness of the member has been largely determined by 
intraformational salt movements, which greatly distort the 
original stratigraphic thickness. Halite units up to 850 m 
thick have been recognised in drillholes (eg Murphy-1), 
and remobilised salt layers are recognised on seismic data 
(Figure 57). The Gosse Bluff structure is interpreted to 
be underlain by over 2200 m of salt (Lindsay 1987) and in 
the northeastern portion of the basin, salt is generally over 
1350 m thick. 

The Gillen Member has fair to good potential to 
generate intraformational hydrocarbons, particularly in 
the southern parts of the basin. Measured TOC in drillhole 
samples of the Gillen Member generally averages less than 
0.5%, but it is likely that TOCs have been denuded to some 
extent as a result of hydrocarbon expulsion. There is some 
improvement in TOC enrichment towards the south of the 
basin to a maximum of 0.99% in Murphy-1 (Marshall 2004, 

Figure 56. (a) Gillen Member shale exposed in Ormiston Gorge 
(after Ambrose 2011b). (b) Laminated dolostone of Gillen 
Member, Bitter Springs Formation, east of Alice Springs (after 
Edgoose 2013a). 

a

b
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Figure 58a). The Gillen Member is extensive and has a 
sheet-like distribution over large areas of the basin. Depth 
of burial increases from south to north, but varies from 
major depocentres (through the gas window) to adjacent 
palaeohighs, especially in the southern portion of the basin, 
which could in part lie in the oil/wet gas window (Ambrose 
2011b). In wells that penetrate the succession at relatively 
shallow depths, maturity increases towards the south of the 
basin (Figure 58a) from Ooraminna-1 (VR equiv 1.2%, 
TMax 277°C), to Magee-1 (VR equiv 1.4%, TMax 445°C) 
and Murphy-1 (VR equiv 1.5%). In the northwest of the 
basin, Gorter (1983a) reported a TMax of 499°C for a sample 
of Gillen Member from Mount Winter-1, indicating that 
the formation was post-oil mature, but Marshall (2004) 
reported a TMax of 457°C for another sample of the member 
from this well, and suggested that there may be some 
potential for petroleum generation remaining in that area 
and further west. Kerogen types reported by McKirdy 
(1977) are consistently gas prone, except for a sample from 
Mount Charlotte-1, which contained some Type II kerogen. 
He reported high EOM:TOC values from Gillen Member 
core, indicative of hydrocarbon migration from this unit. 
Marshall (2004) noted that there appears to be discreet 
oil-prone/gas-prone facies that will generate a specific 
hydrocarbon type present at different levels within the 
member. The HI to oxygen index (OI) ratios of samples of 
the Gillen Member at Mount Winter-1 are indicative of a 
source that will generate some oil and gas but, in Mount 
Charlotte-1, indicate a source that is distinctly gas prone at 
present (Marshall 2004). In Magee-1, analysis of bitumen 
in basal shale of the Gillen Member indicates that the rocks 
are oil-prone and in the late oil window (Weste 1994), but 

a wet gas show was also sourced from this interval in this 
well (Wakelin-King and Austin 1992), and it is likely that 
these rocks will generate gas with some associated oil in its 
present state (Marshall 2004). 

Loves Creek Member (Bitter Springs Formation)

The Loves Creek Member (Wells et al 1970) is estimated 
to be 400–500 m thick and is disconformable on or, in 
places, in fault contact with the Gillen Member. The upper 
contact with the Areyonga Formation has been interpreted 
as both unconformable and disconformable. Southgate 
(1991) divided the member into three packages, the upper 
one of which is now interpreted as a separate member, the 
Johnnys Creek beds. The basal unit consists of a grainstone 
facies representing rapid transgression, a stromatolite facies 
interpreted to have accreted in progressively deeper water, 
and a mudstone facies that represents a maximum flooding 
surface. This is overlain by a stromatolite-dominated, 
subordinate grainstone and dolostone facies representing 
a series of upward-shallowing cycles. The upper unit was 
deposited in a highstand tract, with evidence for a gradual 
reduction in the rate of sea level rise up-section (Southgate 
1991). 

The TOC of the Loves Creek Member averages 0.52% but 
ranges up to and over 1% (Marshall 2003, 2004). Generally, 
TOC values for the member are low in the central and 
western parts of the basin but, towards the east, TOC values 
are higher and much more consistent in grade (Figure 58b). 
CJ Boreham (Geoscience Australia, pers comm in Marshall 
2004) noted that some measurements on laminations within 
the unit in Wallara-1 have a TOC of up to 12%. Samples of 
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the Loves Creek Member from Bluebush-1 in the eastern part 
of the basin have an HI of over 700 and an accompanying 
OI of over 300, which indicates exceptional oil-generative 
potential. In addition, the Quality Index (S2/S3) is almost 
3, indicating the likelihood of generating oil and gas. This 
tends to infer that barring contamination, the Loves Creek 
Member has excellent source potential in the eastern part of 
the basin. An extremely high OI:HI at Mount Charlotte-1 and 
Ooraminna-1 indicates that the member would be more of a 
gas source at these locations (Marshall 2004). The highest 
maturity occurs at Ooraminna-1 (Figure 58b), where a 
VR equiv value of 1.7% was measured; this decreases to the 
southwest, to 0.86% at Highway Anticline-1, and reaches a 
minimum at Bluebush-1 (TMax 410°C). Elevated TMax results 
of 450°C are found at Mount Charlotte-1, which could be a 
result of deeper burial at this location in comparison to the 
nearby Bluebush-1 (Marshall 2004).

Johnnys Creek beds (Bitter Springs Formation)

The informally named Johnnys Creek beds (Gorter 
1982a) is widespread in the central-western portion of the 
basin and forms the uppermost part of the Bitter Springs 
Formation. However, the unit is relatively poorly described 
and might eventually be raised to formation rank after 
a more thorough revision of the succession (Edgoose 
2013a). The Johnnys Creek beds consists of shale, siltstone 
and sandstone, and dolomitic limestone or dolostone, 
which was deposited during a sea-level still-stand that 
progressed via progradation to terrestrial and lacustrine 
environments (Figure 59). Carbon isotope studies support 
the interpretation of the largely non-marine deposition of 
the unit (eg Hill and Walter 2000). A three-fold subdivision 
of the member was proposed by Gorter (1982a, 1983a) from 
drillhole Mount Winter-1, where the unit was first described. 
This subdivision can be recognised in other drillholes 
on the basis of lithology and wireline log characteristics, 
and consists of, in ascending stratigraphic order: a basal 
60 m-thick succession of brown-red silty sandstone or shaly 
siltstone; a middle succession of dolostone/limestone or 
calcareous mudstone with minor sandstone, siltstone and 

shale; and an upper unit of grey-green shale and siltstone. 
The Johnnys Creek beds varies in thickness up to about 
400 m. In drillhole BR05DD01, the interval assigned to 
the unit is 536 m thick, which is considerably thicker than 
previously measured at any other section, but it is possible 
that the interval may include a younger unit equivalent to 
the Finke beds that has not been differentiated (Ambrose 
et al 2010). The unconformity surface with the overlying 
Areyonga Formation is often marked by development of 
a rubbly fractured regolith, and there is up to 200 m of 
topographic relief on this surface (Lindsay 1993). 

The Johnnys Creek beds appear to be a consistently 
petroliferous succession, with oil shows in Mount Winter-1, 
asphaltic sandstone and fluorescence in East Johnnys 
Creek-1, fluorescence in Ochre Hill-1 and cuttings gas in 
Erldunda-1. A correlative section in Ooraminna-1 underlies 
the Areyonga Formation. The Quality Index (S2/S3) from 
a sample of Johnnys Creek beds in Mount Winter-1 is 
less than 1, indicating the gas-prone nature of the present 
kerogen state; however, a sample from Finke-1 recorded an 
S2/S3 index of 3.5, indicating the potential to generate some 
liquids with gas (Marshall 2004). Gorter (1982b) reported 
a higher OI compared to the HI from the unit in Mount 
Winter-1, and suggested that the kerogens are Type III. 
However, Marshall (2004) reported an HI that was higher 
than the OI, indicating a likelihood of Type II oil-/gas-prone 
kerogen. The high maturation state indicated by some TMax 
values is a little unreliable, because of an extremely low S2 
peak obtained during pyrolysis, and so it cannot be used 
to measure the maturity of the kerogen (Gorter 1982b). 
However, the presence of oil in the Johnnys Creek beds at 
Mount Winter-1 suggests that the level of maturity attained 
is unlikely to be much more advanced than the late oil 
to early catagenetic stage (Marshall 2004). AMDEL (in 
Gorter 1982b) reported that the ‘whole-oil’ chromatogram 
of a sample of Johnnys Creek beds from Mount Winter-1 
is typical of a mature marine crude derived from algal/
bacterial remains, and commented that the C15+ alkane 
distribution is very similar to that obtained from shale in the 
Gillen Member of the Bitter Springs Formation at Mount 
Charlotte-1. These results indicate that it is unlikely that the 
oil show at Mount Winter-1 was derived from within this 
unit, but had instead migrated from another (lower) level 
in the succession. Gorter (1982b) reported that the S1 peak 
from the Mount Winter-1 sample is about 30% more than 
the S2 peak, which may indicate the presence of migrated 
hydrocarbons higher in the unit.

Inindia beds

The Inindia beds (Ranford et al 1965) is a relatively poorly 
exposed unit in the southwestern and south-central parts of 
the basin. It is a generally thick but variable succession of 
sandstone with lesser siltstone, chert and jasper, tillite and 
dolostone, which has potential for intraformational source 
rocks, reservoirs and seals at a number of levels. The formation 
disconformably overlies the Bitter Springs Formation and 
is overlain, probably unconformably, by the Winnall beds. 
As currently defined, the Inindia beds is a relatively long-
ranging unit that is generally regarded as being equivalent to 
the succession from the Areyonga to the Julie formations in 

Figure 59. Red bed facies of Johnnys Creek beds (right) overlying 
Loves Creek Member (left), Bitter Springs Formation, Ellery 
Creek, north-central margin of Amadeus Basin, Ellery Creek 
section (image courtesy P Haines, Geological Survey of Western 
Australia).
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the north and northeast of the basin (Edgoose 2013a). Work 
in the WA portion of the basin supports a correlation of the 
Inindia beds with the Areyonga and Aralka Formations in the 
NT, and with the Boord Formation in WA (Haines et al 2010). 
Outcrop and drillhole data indicate a basinal thickening of 
the formation to the southwest, where it reaches an estimated 
maximum thickness in excess of 2000 m (Wells et al 1966, 
Wells et al 1970); ca 350 m of Inindia beds was intersected in 
Murphy-1 (Menpes 1991), but only 48 m in BR05DD01, where 
the interval was identified as Areyonga Formation (Ambrose 
et al 2010). Based on an intersection in Murphy-1, the 
formation has been divided into three informal units: a lower 
tillite unit correlated with the Areyonga Formation; a middle 
unit correlated with the Aralka Formation; and an upper unit 
correlated with either the Pioneer Sandstone (Preiss et al 
1978) or the Olympic Formation (Menpes 1991). However, 
the Inindia beds has been penetrated by few drillholes and 
is not well studied, and there is likely to be plenty of scope 
to better subdivide it, when the internal succession is more 
clearly defined. Wells et al (1970) considered the Inindia beds 
to have been largely laid down in initially shallow-marine 
conditions, becoming deeper over time, with a later change 
to a terrestrial, braided fluvial environment. However, the 
presence of tillite indicates that some of the succession is 
related to glacial episodes.

In Erldunda-1, the average TOC of the Inindia beds 
(Marshall 2004, Figure 58c) is 1.44% with a high value 
of 3.4%, and with a Petroleum Potential (S1+S2) of 1.01 at 
the same depth. A higher OI:HI indicates a likelihood of 
gas generation in preference to liquids (in its present state). 
Samples from Murphy-1 indicate similar potential (mean 
TOC 2.29%), although these data have a distinct affinity 
for oil generation, with a Quality Index (S2/S3) at 12.25. 
Within Murphy-1, the HI is, on average, higher than the OI, 
confirming its ability to produce both oil and gas (at present). 
Thickening of the unit to the southwest (Ranford et al 1966) 
enhances the possibility that these rich source intervals 
might also thicken, and that the source characteristics might 
therefore improve in these areas. If so, the Inindia beds has 
very good potential to generate significant volumes of oil and 
gas. RockEval Pyrolysis results indicate that at Erldunda-1, the 
Inindia beds are mid-mature (TMax 450°C) for oil generation, 
whereas at Murphy-1, they are immature (TMax 360°C). 
Although this information is not geographically extensive, it 
could be interpreted to indicate an overall easterly increase in 
maturity (Marshall 2004, Figure 58c).

Aralka Formation

The Aralka Formation (Preiss et al 1978) is extensive over 
much of the basin, but the main depositional locus is in 
the northeast, where it is estimated to reach a maximum 
thickness of about 1000 m. In the southern part of the 
basin, the formation is much thinner, averaging 20–50 m 
in thickness in drillholes. The unit conformably overlies 
the Areyonga Formation and is disconformably overlain 
by the Olympic Formation and equivalents. It is dominated 
by poorly exposed to concealed siltstone and shale, but 
includes two better exposed members: the lower Ringwood 
Member is dominated by dolostone and limestone that is, in 
part, pisolitic and stromatolitic; the upper Limbla Member 

is a dominantly clastic unit, characterised by pebbly and 
sandy limestone, and festoon-bedded sandstone. 

The Aralka Formation shows strong source rock 
characteristics and has generated (or could generate) gas with 
some oil (Marshall 2004, Ambrose 2011b). In the south of the 
basin, samples from Erldunda-1 record high retained TOCs of 
between 1.5% and 3.5%, with a current low HI that indicates 
a bias towards gas with subordinate oil potential (Ambrose 
2011b). Similarly, Murphy-1 recorded TOCs in the range 
2.3–3.2%. In the central area of the basin, samples of the 
formation from Wallara-1 have an average TOC of 0.67% and 
a maximum value of 0.88%, but these relatively low values 
could be the result of denudation by hydrocarbon generation 
(Ambrose 2011b). In Ooraminna-1 in the northeast, samples 
that were originally regarded by Marshall (2004) to be from 
the Areyonga Formation, but are now referred to the Aralka 
Formation (see below), have an average TOC of 0.53% with 
a high of 1.06%. In stratigraphic drillhole BMR Illogwa 
Creek-6, in the far northeast of the basin, the average TOC 
of the formation is a relatively low 0.3% with a maximum 
value of 0.46%. However, Marshall (2004) noted that high 
extractable organic matter (EOM) counts of up to 376 ppm 
in this drillhole provide evidence of the potential of the 
formation to generate hydrocarbons in this area. 

The Aralka Formation is immature at the location of 
Illogwa Creek-6, with a VR equiv of 0.7% and a TMax of 
438°C. In Ooraminna-1, samples of (reinterpreted) Aralka 
Formation have an average TMax of 463°C, which is late 
mature for oil, although a VR equiv measurement for one 
sample of 1.74% is indicative of a much higher maturation 
state. The S1 peak is also significantly higher than the S2 
peak in some samples from this drillhole (eg S1 0.94, S2 
0.3), suggesting that migrated hydrocarbons are present. 
The formation appears to be in the early gas window in 
Wallara-1, where Marshall (2004) reported a VR equiv 
value of 1.1%. In the south of the basin, the formation is in 
the oil window in Erldunda-1 and the early oil window in 
Murphy-1 (Ambrose 2011b). 

Pertatataka Formation

The Pertatataka Formation was defined by Prichard and 
Quinlan (1962) as consisting of two clastic units separated 
by a dolomitic interval. Only the lower clastic unit is now 
mapped as Pertatataka Formation, with the other two units 
now referred to the Olympic and Julie formations. The 
Pertatataka Formation consists predominantly of red and 
green siltstone, shale and feldspathic sandstone (Figure 60). 
At the type section near Ellery Creek, it is about 350 m 
thick, but can be up to 1400 m thick (Walter et al 1995). 
A ca 430 m-thick interval in stratigraphic drillhole NTGS 
BRD05-DD01 in the southwestern portion of the basin was 
identified as Pertatataka Formation by Ambrose et al (2010). 
Preiss et al (1978) recognised three members of the Pertatataka 
Formation in the western-central part of the basin; these 
were identified as Member I (siltstone), Member II (quartzite/
sandstone) and Member III (shale, siltstone, sandstone). 
In the northeast of the basin, the formation contains two 
named members (Cyclops and Waldo Pedlar members; 
Wells et al 1967). The Cyclops Member comprises fine 
laminated flaggy sandstone and rhythmically thinly bedded 
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sandstone, whereas the Waldo Pedlar Member consists of 
thinly bedded, fine-grained flaggy sandstone (Wells et al 
1970). Member II is considered to be a facies variant of the 
Cyclops Member, and the Waldo Pedlar Member may also 
be, in part, equivalent to Member II, as the upper part of 
this unit is considered to be a lithological correlative of the 
Cyclops Member (Preiss et al 1978). Lindsay and Korsch 
(1991) considered the Pertatataka Formation sedimentary 
rocks to be deep-water pelagic deposits. However, Marshall 
(2004), after Jackson et al (1984), suggested that they were 
deposited on a marine shelf. The formation thickens in the 
Ooraminna and Carmichael sub-basins, and in places was 
affected by salt movements in the underlying Gillen Member 
of the Bitter Springs Formation (Warren and Shaw 1995). It 
is generally recessive, but in places, the silicified sandstone 
band (Cyclops Member) forms low ridges.

Despite a relatively low organic content (probably due 
to maturation loss), the Pertatataka Formation represents 
a viable gas-prone source rock in the northern part of 
the basin, and Pertatataka Formation source rocks have 
been geochemically matched to the gas resources at the 
Dingo gas field and Orange gas prospect, using isotope 
geochemistry (C Boreham, Geoscience Australia, in 
Ambrose et al 2010). In most areas, the formation has low 
average TOC values below 0.2% (Figure 58d), but in the 
lower half of the formation in Ooraminna-1, TOC routinely 
reaches a relatively high 0.9% (Marshall 2004). There is a 
slight decrease in source rock potential from the middle of 
the formation toward its top in this drillhole, which may 
be attributable to a decreasing marine influence and depth 
of burial up-section. Probable migrated hydrocarbons 
are present in core at Ooraminna-1, where the RockEval 
Pyrolysis S1 peak is significantly higher than the S2 peak. 
The EOM is also anomalously high (Marshall 2004). At 
Ooraminna-1, the Pertatataka Formation is mature for oil 
generation, but it tends to be slightly less mature higher in 
the section, most likely reflecting carbonate content and 
relative depth of burial. In drillhole BRD05-DD01, in the 
southwestof the basin, TOCs are also low (largely <1%), 
as is seen in other parts of the basin, but a minor oil stain 
was recorded in the lower part of the formation that was 
geochemically matched to a source rock extract from the 
same formation in this drillhole, suggesting that they are 
genetically related (Ambrose et al 2010). The presence of 
oil-mature late Neoproterozoic source rocks in this part 
of the basin indicates that they were generative over wide 
areas of the basin, not just in the north, and their occurrence 
at shallow depths (ca 480 m) implies that the southwestern 
part of the basin has been significantly unroofed (Ambrose 
et al 2010). The implication for petroleum exploration is 
that widespread areas of the basin previously believed to 
be less prospective due to shallow burial could instead be 
attractive targets. There is little data on kerogen type from 
the Pertatataka Formation, but McKirdy (1977) reported 
Type III at both Mount Charlotte-1 and Ooraminna-1, and 
Quality Index (S2/S3) values in the Pertatataka Formation 
are always less than 4 (Marshall 2004), indicating that the 
formation is most likely to generate gas at present. However, 
the HI at Ooraminna-1 is often high (eg 291), indicating that 
the formation might yield oil as well as gas. Ambrose (2011b) 
noted that the formation also has some potential for oil in 

Wallara-1, and the oil stain in BRD05-DD01 also shows that 
the formation has the ability to generate oil. The maturity 
of the Pertatataka Formation mirrors the TOC enrichment 
in many respects, as it attains its maximum values in 
Ooraminna-1, yet is low at Rodinga-4 (TMax 343°C) in the 
central part of the basin, and at Mount Charlotte-1 (TMax 
331°C) in the south (Marshall 2004, Figure 58d).

Winnall beds

The informally named Winnall beds (Ranford et al 1965) 
comprise a succession of sandstone and siltstone that extends 
over large areas of the central, southern and western parts 
of the Amadeus Basin. The formation sits stratigraphically 
between the Inindia beds and the Cambrian Pertaoorrta 
Group, but across its outcrop extent, it is unconformable 
on both the Inindia beds and Bitter Springs Formation, 
and is unconformably overlain by the Mount Currie 
Conglomerate or Cleland Sandstone, by Ordovician units 
of the Larapinta Group, and in the east, by Devonian units 
of the Finke Group. Ranford et al recognised four sub-
units within the succession: a basal siltstone, followed by 
sandstone, siltstone, and sandstone. The more resistant of 
the sandstone units (dominantly Unit 2) form many of the 
more prominent topographic features across the southern 
part of the basin. The thickness of the formation varies 
considerably from absent to a maximum of 2134 m (Wells 
et al 1970), but is thought to generally increase to the 
southwest, like the underlying Inindia beds. Wells et al 
(1970) considered the Winnall beds to be shallow marine 
and deposited in a subsiding depression, with the initial 
sedimentation commencing in an environment of restricted 
water circulation.

Wells et al (1964, 1966, 1970) correlated the Winnall 
beds with the Pertatataka Formation in the northern part of 
the Amadeus Basin and with the Maurice Formation, Sir 
Fredrick Conglomerate and Ellis Sandstone in the west, and 
this correlation has been followed in many subsequently 
studies. However, Haines et al (2010), working in the 
WA portion of the basin, correlated the lowermost unit 
of the Winnall beds with the Carnegie Formation, unit 2 
of the Winnall beds with the Ellis Sandstone and Sir 

Figure 60. Green-grey siltstone with thin sandstone intervals 
in Pertatataka Formation, Ellery Creek, north-central margin of 
Amadeus Basin (after Edgoose 2013a).
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Frederick Conglomerate, and the upper two units with the 
Maurice Formation (Figure 61). They found compelling 
lithostratigraphic and sedimentological evidence to indicate 
that the Carnegie Formation correlates with the Arumbera 
Sandstone, which spans the Neoproterozoic–Cambrian 
boundary, rather than the Pertatataka Formation; therefore, 
the Winnall beds sits higher in the stratigraphic succession 
than previously thought, and belongs to Supersequence 4 
rather than Supersequence 3 of the Centralian Superbasin. 
Important implications of this revised stratigraphic 
succession are that the Winnall beds were deposited in 
response to uplift during the 580–530 Ma Petermann 
Orogeny in the Musgrave Province, rather than prior to 
this event. This new timing of deposition of the Winnall 
beds addresses the previously recognised enigma of a lack 
of widespread proximal sediments related to the Petermann 
Orogeny in the southern part of the basin.

The Winnall beds were completely penetrated at 
Erldunda-1, but there is little information on this unit 
from other drillholes. From the spatially sparse available 
data coverage, it is difficult to draw firm conclusions 
regarding the formation, but the data do show some source 
rock potential in the southern part of the basin. As with 
the Pertatataka Formation, this unit shows a diminishing 
source rock potential trend from the formation base to its 
top; in Erldunda-1, it has a maximum TOC of 0.73% at 

depth (Marshall 2006), which reduces to 0.08% up-section 
(Marshall 2004), with an average TOC of 0.32%. TOC 
values at Magee-1 are much lower, with an average of 0.06 
and a high of 0.09% (Marshall 2006). McKirdy (1977) 
recorded analyses of Type III–IV kerogen at Erldunda-1, 
and the OI is high relative to HI, which is interpreted to 
mean that this formation is more likely to generate gas 
than liquids at present. The Winnall beds are mature at 
Erldunda-1, with a TMax of 464°C at depth. Although the 
TOC is too low up-section to permit RockEval analysis, it 
is likely that maturity will decrease in concert with TOC, 
similar to the Pertatataka Formation (Marshall 2004). 

Chandler Formation

The Chandler Formation (Ranford et al 1965) is widespread 
but generally poorly exposed in the central and eastern parts 
of the basin, and is composed of halite, foetid carbonate 
mudstone, shale and siltstone. The formation is notable for 
its widespread bedding disturbance in the eastern and central 
outcrops, which are dominated by halite and evaporites. This 
is expressed by folding at the surface in areas where the unit 
is better exposed. The lithologies and thickness of the unit are 
variable: in the southeast, where carbonate and clastic rocks 
are absent, the formation consists of about 450 m of halite; in 
the eastern-central areas of outcrop, the formation consists 
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of about 230 m of halite and 40 m of siltstone and carbonate 
rocks (Bradshaw in Kennard and Nicoll 1986); and in the 
west where the unit is relatively undisturbed, halite is absent 
and the formation consists of carbonate and clastic rocks. 
The Chandler Formation is a marine evaporitic succession 
that records an upward transition from hypersaline evaporite 
conditions to a restricted carbonate regime, followed 
by a reversion back to an evaporite phase of deposition 
(Bradshaw 1991, Bradshaw and Sayers 2012). Carbonate 
mudstone is widely distributed, but is generally thin (10 m) 
and dolomitised where it is not associated with evaporites. 
These deposits are thick (230–450 m) and consist of more 
than 95% halite. Carbonate and evaporite deposits represent 
three distinct depositional phases: desiccation and evaporite 
precipitation; basin flooding and carbonate deposition; and 
karstification and evaporite precipitation. Bromine profiles 
of the salt indicate a marine source emanating from the 
east (Bradshaw 1991). The Chandler Formation has varied 
stratigraphic contacts as a consequence of its widespread 
distribution and varying levels of disturbance. In central-
western areas of outcrop, it is disconformably overlain by 
the Tempe Formation, Hugh River Shale, or upper Giles 
Creek Dolostone. It is laterally equivalent to the lower Giles 
Creek Dolostone and disconformably overlies the Arumbera 
Sandstone, Namatjira Formation, Areyonga Formation 
and Bitter Springs Formation. In eastern areas of outcrop, 
halotectonic disruption has resulted in contacts with a range 
of older and younger units. 

The Chandler Formation is considered to contain 
source rock intervals capable of generating hydrocarbons 

(Marshall 2004), and widespread hydrocarbon shows 
(elevated gas readings, oil stains, bitumen) are associated 
with some carbonate and siliciclastic beds within the 
formation. TOC values are generally about 0.3%, but richer 
pockets are present (Figure 58e) as discrete bands within 
the formation, and such ‘hot shales’ are easily recognised 
on downhole logs (Marshall 2004). Generally, the highest 
TOC values occur in bituminous dolostone, dark grey shale 
or dark brown shale. A maximum TOC of 3% was recorded 
in dark brown shale from Rodinga-1A (Felton 1981), and 
this shale also had a very high potential (S1+S2) of 686, 
indicating a tendency toward liquids. Bituminous carbonate 
and siliciclastic rocks also occur in Dingo-1 (TOC 0.17%) 
and in outcrop. These bituminous rocks consistently 
produce a foetid odour when struck with a hammer. 
McKirdy (1977) showed that hydrocarbons isolated from 
the Chandler Formation in core from Alice-1 were probably 
migrated because of the relatively high saturate/aromatic 
ratio of the EOM. The EOM yield was also very high in 
this core sample, although it had a TOC value of less than 
0.01%. At Highway Anticline-1, the high OI and low HI 
indicate that any future hydrocarbons expelled would be 
gas. However, at Hermannsburg-41, the higher HI relative 
to OI would indicate that, with additional maturation, the 
Chandler Formation would produce some oil and (wet) gas 
(Marshall 2004). At Hermannsburg-41, TMax is in the range 
286–472°C, at Orange-1 it is about 426°C, and at Finke-1 
it is 475°C. Highway Anticline-1 has yielded a VR equiv 
of 1.1%. These results indicate a maturation trend that 
increases both northward and toward the centre of the 
basin (Figure 58e). Considering the depth of burial of the 
Chandler Formation (in some places quite deep), it might 
be expected that the maturity of the unit should be higher 
than the low oil-mature window. Marshall (2004) suggested 
that carbonate rocks and anhydrite in this formation might 
have suppressed the maturation of intercalated shale units, 
sustaining the potential of the unit even where deeply buried 
beneath younger sedimentary rocks. 

Giles Creek Dolostone

The Giles Creek Dolostone (Wells et al 1967) comprises 
mainly carbonate rocks and mudstone/siltstone, often 
variegated red-brown to green, and minor sandstone, 
deposited in shallow-marine, tidal-flat, intracoastal lagoon, 
shallow open-shelf and shoal settings. It is only known 
to the north of the Central Ridge and has a maximum 
thickness of 383 m in drillhole Wallaby-1. The lower part of 
the formation (Figure 62) disconformably overlies the Todd 
River Dolostone, and disconformably overlies or is partially 
laterally equivalent to the Chandler Formation. The upper 
Giles Creek Dolostone is laterally equivalent to the lower 
Hugh River Shale (Walter 1972) and Tempe Formation, and 
is paraconformably overlain by the Shannon Formation. 

In the northeastern portion of the Amadeus Basin, in 
Alice-1, the upper part of this unit reaches 0.96% TOC in 
selected samples, but averages 0.2%. The TOC content is 
lower in Orange-1, and at its most southerly data area, Mount 
Charlotte-1, is lower still at 0.11%. This could possibly 
reflect a more oxidising environment in the south (Marshall 
2004). TOC values in the lower part of the formation 

Figure 62. Lower (base of hill) and upper (scarp at top of hill) 
Giles Creek Dolostone, Ross River, northeastern part of Amadeus 
Basin (after Edgoose 2013a).
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average 0.15%, with one high value of 1.18% at Alice-1. 
Bradshaw (1991) also reported localised TOC values of up 
to 3% in the Ooraminna Anticline. This suggests that there 
are richer pockets of source potential in the lower part of 
the section. However, Tiem et al (2011) reported low HIs 
and relatively high OIs from two samples of the lower Giles 
Creek Dolostone from Dingo-1, and concluded that these 
samples represented low petroleum-generating potential. 
Maturity trends in the basin indicate that the Giles Creek 
Dolostone becomes more mature from south to north. TMax 
values at Mount Charlotte-1 are 430°C, indicating that the 
formation is now in the lower part of the oil window, but 
this grades up to 475°C at Finke-1 in the James Range. A 
VR equiv of 1.09% has also been recorded at Highway 
Anticline-1. The unit could therefore be considered to be 
broadly in the oil window at most locations (Marshall 
2004). Ambrose (2011b) considered this basal shale of this 

unit to have some potential for unconventional petroleum 
(see Unconventional petroleum).

Horn Valley Siltstone

The Horn Valley Siltstone (Madigan 1932, amended Wells 
et al 1965) consists mostly of thinly bedded shale and 
siltstone, with subordinate, bedded nodular limestone and 
sandy phosphatic and glauconitic interbeds also present 
within the succession (Shergold 1986, Figure 63). Shale is 
rich in organic material in the subsurface. The formation 
was described by Pritchard and Quinlan (1962) as being 
conformable on the Pacoota Sandstone, although an 
unconformable contact has been demonstrated at several 
locations (Gorter 1991a). It is unconformably overlain by 
the Stairway Sandstone and the contact is a significant 
hiatus in some areas, with progressive removal of Horn 
Valley Siltstone in the east (Gorter 1991a). The formation 
has a broadly similar distribution to that of the Pacoota 
Sandstone but is much more poorly exposed, largely in 
strike valleys (Figure 64). Like the Pacoota Sandstone, the 
Horn Valley Siltstone thickens northward to a maximum 
thickness of 422 m in the northern part of the basin, in the 
western MacDonnell Ranges. The thickest eastern drillhole 
intersection of this unit is 114 m in Palm Valley-2. It thins 
further eastward to just 32 m in Dingo-2 and appears to 
pinch out depositionally not far to the east of that drillhole. 
The Horn Valley Siltstone has been divided into 10 informal 
members (Elphinstone and Gorter 1991), which reflect 
vertical lithofacies variations in the interpreted shallow-
marine depositional environment. 

The Horn Valley Siltstone is the main source rock for the 
Lower Larapinta Group Total Petroleum System (Petroleum 
System 5 of Marshall 2003), and forms a regional seal for 
hydrocarbon reservoirs in the upper Pacoota Sandstone at 
the Mereenie and Palm Valley petroleum fields (McKirdy 
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1977). The formation is the most fertile source rock for 
conventional oil and gas accumulations in the Amadeus 
Basin succession to the north of the Central Ridge, and it 
also has significant potential for unconventional petroleum 
such as shale gas and shale oil (Tiem et al 2011, Warner 
2012). Marshall (2004) analysed samples of the Horn Valley 
Siltstone from a number of wells and presented TOC values 
in the range 0.2–9.0%, with an average of 1.26% (n = 55), 
and an average TMax of 445°C (n = 37). Two samples 
analysed by Tiem et al (2011) returned moderately high 
TOC values of 3.16–3.42%, a moderate PI of ca 0.2 and TMax 
in the range 445–449°C. In general, the quantity of organic 
matter in the source beds within the Horn Valley Siltstone, 
as defined by the TOC content, increases westward from 
low values in the south and east of the basin to maximum 
values in the Mount Winter and Mereenie areas. This 
westerly enrichment trend is paralleled by an improvement 
in source rock quality and a clearly discernible westward 
increase in the oil-prone nature of the kerogen toward the 
central northwest (Gorter 1984a, Figure 65). Kerogen from 
the formation is classified as Types II and III, so is capable 
of generating both oil and gas. Type II kerogen from the oil-
source rocks of the Horn Valley Siltstone in Tempe Vale-1 is 
characterised by an abundance of well preserved graptolites 
and other invertebrate fossils. This, together with a lack 
of benthic fauna, suggests that well aerated, productive 
upper waters contrasted with anoxic conditions on the sea 
bottom, which is an ideal depositional setting for oil-source 
rock development (Gorter 1984a). The unfossiliferous gas-
source lithofacies of the unit (Type III kerogen, with low 
H/C atomic ratios and HIs), typically contains much less 
organic carbon (TOC <0.5%) and has a different saturated 
hydrocarbon distribution (Gorter 1984). Somewhat higher 
HIs (ca 150) and organic carbon contents (TOC 0.6–0.8%) 
define an intermediate gas condensate source (Jackson et al 
1984). 

The maturity profile through the basin (Figure 66) 
shows the likely present thermal state. A controlling factor 
on the maturity of the Horn Valley Siltstone, and of the 

maturity of all possible sources in the northern depocentres 
of the basin, is the thickness of overlying Pertnjara Group 
sedimentary rocks (Marshall 2004). The depositional 
controls on this unit are such that it is most likely to be 
found in significant thickness north of the Central Ridge. 

Stairway Sandstone

The Stairway Sandstone (Cook 1972) is the most widespread 
unit of the Larapinta Group, outcropping or subcropping over 
approximately 50 000 km2, and is disconformable on the 
Horn Valley Siltstone in the northern part of the basin. In the 
southern part of the basin, it is unconformable on the Cambrian 
Pertaoorrta Group or on Neoproterozoic sedimentary rocks, 
and, near the southwestern margin, on basement rocks of the 
Musgrave Province. Like the underlying units, the formation 
thickens to the north where it reaches a maximum thickness 
of 544 m (Shergold 1986). The Stairway Sandstone has a 
gradational upper contact with the conformably overlying 
Stokes Siltstone. It has been subdivided into three units 
(Cook 1972). The lower unit (Figure 67) varies from 25 m 
to 60 m in thickness, and is characterised by a prominent, 
massively bedded quartzic sandstone (Cook in Kennard and 
Nicoll 1986). The middle unit is generally poorly exposed, 
but is expressed as strike valleys in the north. It can be up 
to 200 m thick and consists dominantly of thinly bedded 
sandstone. Black shale and siltstone have been encountered 
in drilling intercepts. Thin limestone layers can be found in 
the middle of the unit in the south-central part of the basin. 
The upper unit is best developed in the north of the basin 
and can be up to 300 m thick. It is a thinly bedded quartzic 
sandstone with interbeds of mudstone and siltstone, and rare 
phosphorites. Cook in Kennard and Nicoll (1986) interpreted 
the environment of deposition to have been a broad 
epicontinental seaway with a roughly east–west orientation, 
and with palaeocurrents dominantly from the east. The lower 
and middle units were deposited under shallow subtidal and 
partly intertidal conditions, whereas deeper-water conditions 
prevailed during the deposition of the upper unit.
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Weste (1990) summarised the TOC data for seven well 
intersections for this unit, which is a significant reservoir unit. 
Most data are from the shaly middle Stairway Sandstone. 
TOC values are generally low (0.02–0.53%) and yields are 
low to marginal. However, Ambrose (2010) noted that these 
values are similar to those of the Pertatataka Formation, 
which is a known gas source rock, and considered that this 
interval is likely to have good potential as a source rock. He 
noted that a significant gas flow of 76 mmscfd was recorded 
from the middle of this shale zone from East Mereenie-4. The 
middle Stairway Sandstone is generally not as organically 
rich as the Horn Valley Siltstone, and Ambrose considered 
that it is therefore unlikely that it would be an oil source. 
However, it has a wide regional extent and should be in the 
oil and gas windows over very large areas, suggesting that 
it might be a good unconventional petroleum target. EOM 
yields from shale in the Stairway Sandstone at drillholes 

East Mereenie-1 and BMR AP1 are lower (23–144 mg/g 
TOC) than those from the Pacoota Sandstone and Horn 
Valley Siltstone, interpreted by Kurylowicz et al (1976) to 
indicate an original difference in the composition of the 
organic detritus. In drillhole BMR AP1, the kerogen is 
Type III (Kurylowicz et al 1976), suggesting a tendency to 
produce gas/condensate. Maturity is similar to that of the 
Horn Valley Siltstone in that it increases towards the north 
and northeast.

Other potential source rocks

A number of other Amadeus Basin rock units have some 
potential as source rocks, including the Neoproterozoic 
Pinyinna beds, and a number of formations from the 
middle–late Cambrian succession that are not currently 
assigned to a recognised petroleum system; these include 
the Giles Creek Dolostone, Shannon Formation, Tempe 
Formation, Hugh River Shale, Illara Sandstone, Petermann 
Sandstone, Jay Creek Limestone and lower Goyder 
Formation. These units are mostly either poorly assessed 
or have only sporadic source potential. The source rock 
potential of these and other units not listed here are more 
fully discussed in Marshall (2004).

Pinyinna beds
In the far west of the Amadeus Basin, the Pinyinna beds 
(Forman 1966) are interpreted to be a lateral equivalent of 
the Bitter Springs Formation and are sporadically exposed 
along the southwestern margin of the basin, adjacent to the 
Musgrave Province. The thickness of the Pinyinna beds 
is unknown, due to the absence of a complete succession, 
but it is likely to be significantly greater than 100 m. The 
type area is in the Pinyinna Range, where at least 200 m 
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of grey, brown and white laminated micaceous siltstone is 
overlain by grey and pink laminated dolostone, sometimes 
stromatolitic, and grey limestone. The metamorphic grade 
of the Pinyinna beds is typically unmetamorphosed to very 
low but, in some areas, where it is interleaved with Musgrave 
Province basement, greenschist to lower amphibolite facies 
has been reached. This unit contains dark shale and is a 
potential source rock, but no conventional source rock 
measurements are available.

Areyonga Formation
The Areyonga Formation (Prichard and Quinlan 1962) 
is exposed in the centre and northeast, and along the 
northern margin of the basin, and in most areas, it is 
disconformable on the Bitter Springs Formation. At the 
type area in Ellery Creek, the formation is about 250 m 
thick. It is composed predominantly of diamictite (tillite) 
of variable composition and texture, but it includes thin 
interbeds of sandstone, conglomerate, shale and siltstone, 
and dolostone (Preiss et al 1978, Lindsay 1989, Walter et al 
1994, 1995). This glaciogenic succession shows marked 
lithological variation from massive, indurated diamictite/
conglomerate to carbonaceous siltstone/shale, feldspathic 
sandstone and rarer dolostone in the middle and at the top 
of the succession. Lindsay (1989) described the Areyonga 
Formation as being deposited from a relatively small ice 
cap, concentrated from two tongues of ice in the northeast 
of the basin. Deposition was controlled by basin dynamics, 
and also by eustatic sea-level changes resulting from an 
ice age of global dimensions. In the south, volumetrically 
dominant, contemporaneous shallow-marine deposition 
took place (Inindia beds).

Ooraminna-1 encountered a significant gas show in 
rocks originally assigned to the Areyonga Formation 
(Planalp and Pemberton 1963), and McKirdy (1977) 
considered this gas to have been sourced from within the 
formation. However, it has since been shown that this flow 
was from the Pioneer Sandstone, and that the source rocks 
are most likely to be adjacent sedimentary rocks of the 
overlying Pertatataka and/or underlying Aralka formations 
(Ambrose et al 2012b). Gorter (1983a) and Marshall (2004) 
listed source rock geochemical values from purported 
Areyonga Formation from this drillhole, and Marshall 
reported average TOC values from the formation to be 
0.51%, with a high of 1.06%. However, all these reported 
values are from the overlying Aralka Formation, based on a 
reinterpretation of the formation tops (G Ambrose, Central 
Petroleum Ltd, in litt 2013). The only genuine sample of 
the Areyonga Formation from Ooraminna-1 in the Marshall 
(2004) database [misidentified as Johnnys Creek beds] has 
a relatively low TOC of 0.03%, and there are no RockEval 
Pyrolysis data. In other drillholes (eg East Johnnys Creek-1, 
Wallara-1), TOC values from the Areyonga Formation are 
also low and average in the range 0.06–0.08%. All TMax 
data reported for the formation by Gorter (1983a) and 
Marshall (2004) are from misinterpreted Aralka Formation 
in Ooraminna-1 and are not applicable to the unit, except for 
a single value from Illogwa Creek-1 of 438°C, which is early 
mature for oil generation. No other TMax data are available 
to evaluate maturation of this unit, although a VR equiv of 
1–1.2% has been recorded at Wallara-1 (Marshall 2004). 

Gorter (1983a) reported quality indices from samples 
of Areyonga Formation at BMR Illogwa Creek-6, in the 
northeast of the basin, as being less than 1, indicating that 
the contained kerogen is presently a source for dry gas only. 
Gorter interpreted this to not be an artifact of maturation, 
but an original character of the kerogen composition. 

If source rock geochemistry values from Ooraminna-1, 
as reported by Gorter (1983a) and Marshall (2004), are 
excluded, the source potential of the Areyonga Formation 
is significantly downgraded. Marshall considered the 
potential of this unit to be greatest toward the northeastern 
corner of the basin, and lower in the central portion of 
the basin in the vicinity of Wallara-1, but this conclusion 
must be considered very dubious in view of the sparse data 
available.

Shannon Formation
The Shannon Formation (Wells et al 1967) disconformably 
overlies the Giles Creek Dolostone in the northeast 
(Ooraminna Sub-basin), where it reaches a thickness of 
over 700 m; to the north and west, it thins progressively. 
Gorter (1983a) divided the formation into lower and upper 
Shannon units in the subsurface. The upper carbonate-rich 
portion is equivalent to the Jay Creek Limestone, whereas 
the lower shaly portion is equivalent to the Hugh River Shale 
(Oaks and Kennard in Kennard and Nicoll 1986, Kennard 
and Lindsay 1991). The unit is conformably overlain by the 
lower Goyder Formation. The lower Shannon Formation 
comprises up to 270 m of silty shale with interbeds of 
thin siltstone and dolostone. This was deposited in an 
oxygenated, low-energy marine environment in a ramp 
setting in the east of the Amadeus Basin. The upper 
Shannon Formation is carbonate rich and represents the 
progradation of peritidal carbonate flats in an environment 
of rising sea levels. Kennard and Nicoll (1986) interpreted 
depositional environments for the upper part to have 
been shallow subtidal (represented by ribboned carbonate 
and mudstone, grainstone and thrombolite lithofacies), 
intertidal (stromatolite lithofacies) and supratidal (evaporite 
lithofacies). 

TOC values in the upper Shannon Formation are 
generally less than 0.1%, but values of up to 0.39% have 
been recorded in Alice-1 (Marshall 2004), and a gas show 
has also been recorded from shale in the upper Shannon 
Formation in Orange-1 that was originally identified as 
Hugh River Shale (Magellan Petroleum 1967, Ambrose 
2011b). Based on this, Ambrose (2011b) considered that 
the poorly studied shale in the upper part of this unit may 
have some potential as a source and for unconventional 
petroleum (see unconventional petroleum). Richer 
pockets are also present in the lower unit: the highest TOC 
in the Shannon Formation is 2% in Alice-1 but apart from 
that, TOC values in other drillholes are generally less than 
0.3%. McKirdy (1977) showed that the kerogen at Alice-1 is 
Type II, and therefore would be both an oil and gas source 
if areas of higher TOC can be located. The highest TOC 
values at Alice-1 are associated with dolomitic siltstone and 
shale, whereas carbonate rock is deficient in organic carbon. 
This suggests that shale and not the carbonate rock would 
be the major oil source in the formation (McKirdy 1977, 
Gorter 1982a). In general, the Shannon Formation shows 
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increasing TOC to the east, although a large discrepancy 
exists between the mean values at Wallaby-1 and Alice-1. 
Maturity trends show that the formation is immature where 
TOC is highest, and mature (VR equiv 1.44%) where TOC 
is lowest (Dingo-1). The low TOC contents are below the 
minimum needed for laboratories to proceed to RockEval 
Pyrolysis, and therefore information is scant (Marshall 
2004). 

Tempe Formation
The Tempe Formation (Ranford et al 1965) is confined to 
the central-west of the Amadeus Basin (Carmichael Sub-
basin). It unconformably overlies the Chandler Formation, 
and is also unconformable on the Arumbera Sandstone and 
on Neoproterozoic sedimentary rocks. The formation is 
disconformably overlain by the Illara and Cleland sandstones 
(Bradshaw 1991, Gravestock and Shergold 2001). To the 
north, there is a facies change from the Tempe Formation 
into the Hugh River Shale, and the formation has also been 
equated with the Giles Creek Dolostone to the east, at least 
in part. The formation averages about 150 m in thickness 
and thickens to the south and southwest (Bradshaw 1991). 
It is a predominantly recessive unit that is dominated by 
shale and siltstone, with lesser dolostone, sandy dolostone, 
calcareous sandstone, and locally glauconitic sandstone 
or dolostone. The formation was interpreted by Bradshaw 
(1991) to be a nearshore to shallow-water shelf succession, 
containing offshore, shoreface, tidal flat, and bay and lagoon 
sediments.

The Tempe Formation generally has a consistently low 
TOC content (average <0.12, maximum <0.24), other than 
in Undandita-1A, in the northwest of the basin, where there 
are two high TOC values, 1.43% and 5.45%, indicating 
excellent potential for hydrocarbon generation (Marshall 
2004). The high TOC results represent thin, concentrated 
bands of organic matter, but there is insufficient information 
to indicate whether or not these are regionally continuous. 
In Undandita-1A, the formation is in the oil window (TMax 
443°C) and is a possible source for oil shows (live oil 
bleeds). The area in the vicinity of this drillhole appears to 
be the only part of the basin that would be a good target for 
Tempe Formation enrichment. South of this area, the source 
rock characteristics remain poor (Marshall 2004). 

Hugh River Shale
The Hugh River Shale (Pritchard and Quinlan 1962) 
consists of red-brown and grey-brown siltstone and shale 
(Figure 68), with minor thin beds of dolostone, limestone, 
sandstone and chert (Kennard in Kennard and Nicoll 1986). 
It is poorly exposed and has an estimated thickness of about 
500 m. A sequence stratigraphic study of the Pertaoorrta 
Group by Kennard and Lindsay (1991) suggested that the 
lower boundary of their Sequence 4 occurs within the Hugh 
River Shale and, on that basis, they divided it into upper and 
lower successions. The relationship of the Hugh River Shale 
to other units of the Pertaoorrta Group is geographically 
variable. The lower part of the formation apparently 
disconformably overlies the Chandler Formation and 
Arumbera Sandstone, and is probably laterally equivalent to 
and interfingers with the Tempe Formation and Giles Creek 
Dolostone. The upper parts of the formation are laterally 
equivalent to the Shannon Formation, Jay Creek Limestone, 
Illara Sandstone, Deception Formation, Petermann 
Sandstone and Cleland Sandstone. East of the Finke River, 
the Hugh River Shale is overlain conformably by the Jay 
Creek Limestone, and elsewhere, it is conformably overlain 
by the lower Goyder Formation. 

Despite having TOC values in Alice-1 that are sufficient 
for the generation and expulsion of hydrocarbons (average 
0.33%, high 0.76%), Marshall (2004) considered the Hugh 
River Shale to have only a sporadic potential. There is just 
one maturity data point available, a VR equiv value of 0.8% 
at Highway Anticline-1, indicating that the formation is 
likely to be largely immature in the southern part of the 
basin. 

Illara Sandstone
The Illara Sandstone (Wells et al 1965) forms prominent 
strike ridges in the north of the basin and reaches a 
maximum thickness of about 200 m in the Carmichael 
Sub-basin. It consists of red-brown, fine- to medium-
grained, feldspathic and micaceous quartz sandstone, with 
minor layers of micaceous siltstone and shale. The unit is 
disconformable on the Tempe Formation and conformably 
underlies and interfingers with the Deception Formation. It is 
a lateral equivalent of the lower Cleland Sandstone, lower 
part of the upper Hugh River Shale and lower Shannon 
Formation (Kennard and Lindsay 1991, Gravestock and 
Shergold 2001).

This unit is not present in the eastern part of the basin. 
In Mount Winter-1 in the northwest, the TOC average value 
(0.45%) approaches that required to generate hydrocarbons, 
but the unit shows poor potential in all samples to the east of 
this drillhole. Anomalous TMax values of 457°C and 274°C 
were recorded for two Mount Winter-1 samples that were 
just 1 m apart, so the maturity of the unit in this area is 
therefore uncertain; nevertheless, it would seem that in 
the northwestern part of the basin the Illara Sandstone has 
some limited potential as a source rock (Marshall 2004).

Petermann Sandstone
The Petermann Sandstone (Ranford et al 1965) forms 
prominent red-brown strike ridges in the north of the 
basin and has a maximum thickness of about 250 m in 
the Carmichael Sub-basin. It consists of red-brown, fine- 

Figure 68. Red-brown siltstone of Hugh River Shale, Ellery 
Creek, north-central Amadeus Basin (after Edgoose 2013a).
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to medium-grained, thinly bedded micaceous sandstone, 
with common cross-beds and ripple marks (Owen in 
Kennard and Nicoll 1986). The formation has a gradational 
or interfingering upper contact with the lower Goyder 
Formation, and conformably overlies and interfingers with 
the Deception Formation. It is a lateral equivalent of the 
upper Cleland Sandstone, upper Hugh River Shale, upper 
Shannon Formation and Jay Creek Limestone (Kennard and 
Lindsay 1991, Gravestock and Shergold 2001).

Eleven samples analysed from the same 5 m interval of 
Petermann Sandstone in Mount Winter-1 returned a mean 
TOC of 0.46%, which is evidence for potential within the 
formation. However, a lack of regional sampling makes 
meaningful conclusions about level and distribution of 
enrichment trends difficult (Marshall 2004). 

Jay Creek Limestone
The Jay Creek Limestone (Pritchard and Quinlan 1962) is 
restricted to the north-central (Missionary Plain Trough) 
and eastern parts of the Amadeus Basin. It consists of 
limestone, siltstone, shale and lesser calcareous sandstone, 
and was deposited in a ramp setting during rising sea levels 
(Kennard and Lindsay 1991). The limestone is laterally 
equivalent to the Shannon Formation and is flanked by 
and also conformably overlies the Hugh River Shale. It 
is conformably overlain by and also partially laterally 
equivalent to the lower Goyder Formation (Shergold 
1991). The thickness of the unit increases to the south to a 
maximum of about 425 m (Wells et al 1967). Stromatolites 
are more abundant in the Jay Creek Limestone than in any 
other unit in the Amadeus Basin. The formation has also 
yielded Girvanella, an ichnofauna, inarticulate brachiopods, 
molluscs and trilobite fragments (Gilbert-Tomlinson in 
Wells et al 1970). 

This formation has only been reliably sampled at Alice-1 
and Orange-1. It has a mean TOC at Alice-1 of 1.1% and at 
Orange-1 of 0.24%. The interval sampled in Alice-1 is most 
likely indicative of migrated hydrocarbons (Jackson et al 
1984). Although the formation is regionally extensive, the 
limited spatial distribution of samples makes it difficult to 
determine the overall regional source potential, particularly 
toward the south (Marshall 2004). 

Goyder Formation
The Goyder Formation (Pritchard and Quinlan 1962) 
forms the top of the Pertaoorrta Group. It has a gradational 
or interfingering lower contact with underlying clastic 
successions, and there is evidence of an unconformity 
involving substantial palaeo-topographical relief in places 
between the formation and the overlying Pacoota Sandstone. 
The unit reaches a maximum thickness of 600 m in the 
northeastern part of the Amadeus Basin (Ooraminna Sub-
basin) and transgresses the Central Ridge, but generally 
thins to the south and west, and is only 95 m thick in 
drillhole Mount Winter-1. The formation is subdivided into 
lower and upper units, both deposited in shallow subtidal 
to intertidal environments (Kennard and Nicoll 1986). The 
lower part of the formation is up to 300 m thick and consists 
of a basal carbonate-clastic unit and overlying sandstone. It 
is lithologically and biologically related to the upper parts of 
the underlying Shannon Formation and Jay Creek limestone. 

The upper Goyder Formation consists of up to 300 m of 
fine to coarse sandstone and siltstone (Lindsay 1993), and 
is more closely related to the overlying Pacoota Sandstone 
of the Ordovician Larapinta Group. The top of the lower 
Goyder Formation is marked by a significant unconformity, 
often expressed as a 2–5 m-thick iron oxide or manganese 
coating on sandstone or carbonate beds (Gorter and Nicoll 
in Kennard and Nicoll 1986).

Marshall (2004) reported TOC values to be generally 
low within the Goyder Formation, but a general increase 
in TOC is evident toward the northeast of the basin. 
Marshall did not consider the Goyder Formation to be an 
effective source rock, and concluded the source potential to 
be at best average and sporadically developed. He indicated 
that only the northeastern part of the basin, perhaps near 
Alice-1, retains any real possibility of an enhanced Goyder 
Formation source facies. However, shale of the formation 
was considered to have some source potential, along with 
the upper Shannon Formation, by Ambrose (2011a). 

Pacoota Sandstone
The Pacoota Sandstone (Shergold 1991) outcrops 
extensively across the northern part of the basin, where 
it is best exposed in prominent strike ridges and high 
escarpments. It is the most areally restricted unit of the 
Larapinta Group but, at 700–800 m, is also the thickest. 
The formation is unconformable on the underlying Goyder 
Formation and is probably unconformable beneath the Horn 
Valley Siltstone (Nicoll et al 1991, Shergold et al 1991). 
Huckaba (1970) and Kurylowicz et al (1976) subdivided the 
Pacoota Sandstone into four informal units (in descending 
stratigraphic order, P1 to P4), based on the gross lithology 
and wireline log characteristics of the local succession at 
the Mereenie petroleum field. Deckelman (1991) proposed 
a further subdivision of unit P3 in recognition of a fluvial 
facies (distal braided stream) at the base of this unit, above 
a disconformable contact with the basal P4 unit. The lower 
unit P3B is the dominant oil- and gas-producing interval at 
the Mereenie field and is surface mappable for hundreds of 
kilometres in the north-central and northwestern parts of 
the basin. 

Shergold et al (1991) provided detailed descriptions 
of the Pacoota Sandstone succession and introduced a 
basin-wide informal subdivision of the formation into four 
sequences (1–4, in ascending stratigraphic order), separated 
by unconformities or disconformities (Figure 53). 
Sequence 1 is a transgressive succession, 205 m thick at 
Ellery Creek (Haines 1982), and characterised by intervals 
with deeply incised sandstone channels that in places 
cut down deeply into the underlying Goyder Formation. 
Coarse-grained, cross-stratified estuarine facies is 
interspersed with tidal flat, barrier island, back barrier 
and tidal inlet sedimentary rocks. Sequence 2 is ca 100 m 
thick at Ellery Creek but is absent at the Mereenie field. It 
consists of strongly bioturbated sandstones (Figure 69), 
deposited in middle to outer shelf environments and as 
tidally generated sand bars. Sequence 3 represents a series 
of rapid transgressions and comprises outer shelf and 
tidally deposited sandstones overlain by glauconitic shale 
with dolostone layers, interpreted to represent maximum 
transgression. The sequence is 320 m thick at Ellery Creek 
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but thicker in other areas. Sequence 3 has beds with good 
porosity and includes the primary reservoir sandstone 
at Mereenie (unit P3B of Deckelman 1991). The topmost 
Sequence 4 is probably disconformable, at least in part, on 
Sequence 3. It reaches a maximum thickness of 305 m and 
contains storm and tidally dominated sedimentary rocks, 
consisting of shales interbedded with sandstones. Upward-
coarsening transgressive cycles are present.

Black shales and siltstones occur as interbeds in 
this important reservoir and are capable of generating 
hydrocarbons, but yields are generally low (Weste 1990). 
Weste reported TOC data for six drill intersections for this 
unit. The highest value is 0.91% in Alice-1, and values range 
up to 0.50% in Palm Valley-1 and -3. Kurylowicz et al (1976) 
reported EOM yields from shale in the Pacoota Sandstone 
at drillholes East Mereenie-1 and BMR AP1 to be in excess 
of 150 mg/g TOC, indicating that these rocks have had the 
ability to produce both oil and gas. Maturity is similar to 
that of the Horn Valley Siltstone in being immature to early 
oil-mature in the south and west, increasing to gas-mature 
towards the north and northeast (Kurylowicz et al 1976). 
This probably reflects increasing depths of burial beneath 
the younger Pertnjara Group, which thickens towards the 
north.

Maturation and migration

Maturation distribution for petroleum systems was largely 
controlled by the distribution of foreland sedimentary loading 
successions at various times during the basin’s history. 
Severe erosion (basin unroofing) has in many instances 

removed evidence of the loading section, thereby masking 
maturity trends in source rocks currently at shallow depths 
(Ambrose 2006a, 2007, Young and Ambrose 2007). Thick 
clastic wedges prograded into the basin during both the 
580–530 Ma Petermann Orogeny (northward progradation 
over Neoproterozoic successions) and the 400–300 Ma 
ASO (southward progradation over Ordovician and older 
Palaeozoic successions), initiating hydrocarbon maturation 
in the underlying source rocks. Burial under the thick clastic 
wedge associated with the ASO pushed the Horn Valley 
Siltstone through the dry gas window and charged the Palm 
Valley and Mereenie structures. Basinward (south) of this 
foreland wedge, the influence of Devonian–Carboniferous 
loading decreased, enabling oil expulsion from the Horn 
Valley Siltstone, which charged the Mereenie structure 
(Gibson et al 2004). In the south of the Amadeus Basin, 
maturity data from Wallara-1 and Murphy-1 indicate regional 
unroofing of the basin, probably at the end of the ASO and 
later during the Cenozoic; this negates earlier notions of 
increasing maturation from south to north, and suggests that 
hydrocarbon generation from Neoproterozoic successions 
was more pervasive than previously recognised. 

Regional tectonic elements have also played a major 
role in controlling maturation trends. The Central Ridge 
effectively partitioned depositional phases into separate 
sedimentary regimes, and was influential from the early 
Neoproterozoic through to the end of the late Cambrian. The 
Ordovician Horn Valley Siltstone appears to be mature for 
hydrocarbons north of the ridge, whereas Neoproterozoic 
petroleum systems were generative both to the north and 
south of this feature. 

The thermal history of the Amadeus Basin has been 
reviewed by Gibson et al (2004, 2007) using maturity data 
and apatite fission track analysis. This work indicates that 
up to four synchronous post–Early Carboniferous cooling 
episodes occurred in the Amadeus, Georgina and Pedirka 
basins, and that these events were probably even more 
widespread but have not been evaluated in other areas. In 
the north of the Amadeus Basin, peak palaeotemperatures 
associated with each of these events decreased with each 
progressively more recent episode, and cessation of 
hydrocarbon generation from the Horn Valley Siltstone 
(Ordovician), the only known commercial petroleum 
system to date, occurred in the Late Carboniferous to Early 
Permian.

Despite numerous oil shows, the general view of the 
exploration community has been that anything older than 
Ordovician would be a gas-prone target only. However, 
Marshall et al (2007) showed that a 50+ m palaeo-oil 
column in drillhole Finke-1 must have been sourced from 
Neoproterozoic rocks. 

reServoIr rock unItS

Fair to good potential reservoirs occur at a number of 
levels within the basin succession. The most promising 
Neoproterozoic reservoirs are in the Heavitree/Dean 
quartzites, Bitter Springs Formation, Finke beds, 
Pioneer Sandstone, Julie Formation and lower Arumbera 
Sandstone. The Pinyinna beds, Inindia beds, Areyonga 
Formation, and some other carbonate and clastic units also 

Figure 69. Lower Pacoota Sandstone with Skolithos trace fossils 
(vertical burrows), Ellery Creek, north-central Amadeus Basin 
(after Edgoose 2013a). 
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have some potential as reservoirs. Most of these formations 
are relatively poorly explored to date. Potential Palaeozoic 
reservoirs occur at several levels. Possible Cambrian 
reservoirs include the upper Arumbera and possibly Ellis 
sandstones, as well as as-yet-unassessed sandstone and 
carbonate units higher in the succession. Proven Ordovician 
reservoirs include the Pacoota and Stairway sandstones. 
The more significant reservoirs of the basin are discussed 
or reviewed in Ozimic et al (1986), Weste (1989a, 1990), Do 
Rozario (1991), Deckelman (1991), Havord (1991), Marshall 
(2003, 2006), Ambrose (2006a, 2007, 2011a), Warburton 
et al (2005), Marshall et al (2007) and Ambrose et al 
(2012b). 

Heavitree/Dean quartzites

The Heavitree Quartzite and its correlative on the 
southwestern margin of the basin, the Dean Quartzite, form 
the basal part of the Amadeus Basin succession and were 
both defined by Wells et al (1964). These units consist of 
fine- to coarse-grained orthoquartzite and arkosic quartzite 
with minor shale and conglomerate (Clarke 1979, Weste 
1989a). They are extensively exposed on the northern and 
southwestern margins of the present-day basin, and form 
widespread, sheet-like, uniform deposits throughout the 
basin in the subsurface. Sedimentological and stratigraphical 
analyses by Lindsay (1993, 1999) show that these clastic 
strata resulted from quartz sandstone sedimentation in a 
shallow, low-gradient ramp setting. Heavily laden braided 
streams transported abundant quartz clastic material to the 
basin, and these sediments were dispersed in a high-energy, 
shallow-marine environment, so as to form extensive, sheet-
like sand bodies. From the orientation of trough cross-beds, 
Lindsay (1999) suggested that the main direction of sediment 
transport was to the north-northwest. However, Walter and 
Veevers (2000) indicated that sediment supply was from 
the northeast from palaeocurrent and isopach studies. 
Determining true thicknesses of these units from exposed 
sections is complicated by folding and thrust faulting 
along the majority of both the northern and southwestern 
margins of the basin (Figure 70). Nevertheless, the 
average thickness of these formations is estimated to be 
in the range 100–300 m (Lindsay 1999), with a maximum 
of up to 700 m (Clarke 1979) and a recorded minimum 
of 4.6 m in drillhole Magee-1, interpreted to be located 
on a local basement high (Wakelin-King 1994). Intense 
silicification where the quartzites are exposed has resulted 
in sedimentary structures being poorly preserved, and it 
is therefore difficult to perform facies analyses on these 
units. Lindsay (1999) recognised four major sequences 
where the Heavitree Quartzite is less strongly silicified in 
the northeast of the basin. Sequences 1 and 2 are largely 
tidal in nature with a strong influence from local bedrock 
topography. Sequence 3 represented a basinward base-level 
shift with relatively deep channels redistributing earlier-
deposited material deeper into the basin in largely braided 
fluvial systems. In sequence 4, predominantly subtidal 
environments dominated. 

The Heavitree Quartzite was penetrated in Magee-1, 
and flowed gas to the surface at a significant, although sub-
economic rate (63.1 mmscfd from an estimated 3.6 m net pay 

zone). The formation was just 4.5 m thick in this drillhole, 
but had fair reservoir quality with a porosity of 9% and an 
average permeability of 10 mD (Wakelin-King and Austin 
1992, Marshall 2006). Thicker intervals of the formation 
have the potential to host economic quantities of gas/helium 
in large structural-stratigraphic traps in the southern half 
of the basin where mature Gillen Member source rocks are 
present. The main risk in the basin at this stratigraphic level 
is long-term diagenetic silicification, and reservoir quality 
might therefore be dependent on fracture porosity.

Upper Bitter Springs Formation

The upper Bitter Springs Formation contains good potential 
reservoir rocks within the Loves Creek Member and 
Johnnys Creek beds, which are described above under 
Source rock units. The reservoir rocks are not particularly 
well documented, but dolostone intervals are likely to have 
the most potential. Gorter (1984b) reported generally poor 
porosity in dolostone of the Johnnys Creek beds in Finke-1, 
but noted good fracture and vugular porosity in some 
intervals. Poor oil shows were noted in the upper portions 
of this unit, which were interpreted as the lower part of 
a palaeo-oil column (former accumulation) by Marshall 
et al (2007). Dolostone of the Loves Creek Member in the 
same drillhole has generally poor to occasionally good 
porosity that ranges from vugular and fracture porosity to 
intercrystalline in part.

Finke beds

The Finke beds has been described from several drillholes 
(eg Wallara-1, Finke-1), but the stratigraphic name has 
never been formalised. The term has at times been used 
interchangeably with the Johnnys Creek beds, or has been 
considered replaced by that name. However, recent work 
in the basin in WA (PW Haines and H Allen, Geological 
Survey of Western Australia, pers comm 2011 in Edgoose 
2013a), and work on correlating the Cryogenian of Australia 
(Grey et al 2011), indicates that the unit has a distinct 
biostratigraphic succession, with particular significance 
to Australian and probably global correlations of the 

Figure 70. Complex folding and faulting in Heavitree Quartzite, 
Ellery Big Hole, central-northern margin of Amadeus Basin (after 
Edgoose 2013a).
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Cryogenian, and therefore warrants formalisation as a 
separate unit. If it is genuinely a distinct unit, the name 
probably should be changed in order to avoid confusion 
with the unrelated Late Devonian Finke Group. In Finke-1, 
the Finke beds comprises approximately 35 m of dolostone, 
which is micritic to finely sucrosic in grain size with minor 
pyrite and anhydrite (Gorter 1983a). It also contains minor 
to abundant chert and is often silty, becoming dolomitic 
siltstone in part. 

In Finke-1, porosity is variably developed and ranges 
from poor to good as partially infilled fractures and vugs. 
There is little remaining intergranular porosity and no 
permeability (Gorter 1984b, Marshall 2006). However, 
good oil shows were present throughout the unit in this 
drillhole, interpreted as the upper part of a 50+ m palaeo-
oil column (Marshall et al 2007). 

Pioneer Sandstone

The Pioneer Sandstone (Preiss et al 1978) is confined 
to the central-northern part of the Amadeus Basin. It is 
disconformable on the Areyonga Formation in the type 
section at Ellery Creek, and on the Bitter Springs Formation 
to the west. The type section consists of 170 m of cross-
bedded medium- to coarse-grained feldspathic and arkosic 
sandstone, grading up-section to a thin dolostone with chert 
nodules (‘upper marker cap dolomite’ of Preiss et al 1978). 
Field (1991) described pebbly sandstone and conglomerate 
above the dolostone that potentially should be included in 
the formation. The top of the sandstone unit is an irregular 
erosion surface, with the erosional scours filled by pink 
dolostone containing columnar stromatolites known only 
from this layer; at Ellery Creek, they form isolated, irregular 
bioherms up to 10 cm thick and 50 cm long. The Pioneer 
Sandstone is interpreted to be an intertidal periglacial or 
glacial outwash facies that correlates with diamictite of the 
Olympic Formation in the eastern portion of the Amadeus 
Basin (Preiss et al 1978, Walter et al 1995), although this 
correlation has been questioned (Lindsay 1989, Field 1991). 
The correlation is largely based on the ‘cap dolostones’ in 
the two successions.

This unit has not been well mapped, nor has it been 
penetrated (recognised?) in many petroleum wells in 
the basin. A significant, but sub-economic dry gas flow 
[0.012 mmscfd in drillstem test (DST)] in Ooraminna-1, 
which was originally believed to have been reservoired in 
the Areyonga Formation (Planalp and Pemberton 1963), has 
since been shown to have been from the Pioneer Sandstone 
(Ambrose et al 2012b). This encouraging gas show was 
from limited fracture/vug porosity (Weste 1990). Another 
gas flow with a stabilised flow rate of 152 mmscfd was 
achieved from a fractured, sandy dolomitised limestone 
(gross column 16 m) within the Pioneer Sandstone in 
Ooraminna-2 (Ambrose 2011a, Ambrose et al 2012b). These 
flows demonstrate that the formation has good reservoir 
qualities and potentially large reserves, but commercial 
production would probably require further reservoir 
stimulation, horizontal drilling and possibly acid fracture 
stimulation (Ambrose 2011a). The source rocks are most 
likely to be adjacent sedimentary rocks of the overlying 
Pertatataka and/or underlying Aralka formations (Ambrose 

et al 2012b), and these units also have potential to act as 
seals. Marshall (2006) reported that the porosity of the 
Pioneer Sandstone is in general relatively tight (ca 8%), 
depending on the burial history and location. However, 
Ambrose et al (2012b) recorded an average matrix porosity 
of only 2% in Ooraminna-2, and noted that the recorded 
flow was from fractures.

Julie Formation

The Julie Formation (Wells et al 1967) consists mostly of 
carbonate rocks with sandstone lenses (Wells et al 1970) 
and has a wide distribution in the northeastern portion of 
the basin, where it is useful as a marker interval. The unit 
does not occur west of the Gardiner Range Anticline, where 
it was apparently eroded prior to deposition of the overlying 
Arumbera Sandstone (Kennard and Lindsay 1991), and is 
also absent south of the Central Ridge. This is a relatively 
thin unit that reaches thicknesses of up to 150 m, but it can 
be as little as 10 m (eg at Ellery Creek; Warren and Shaw 
1995). The type section at Ross River comprises dolostone, 
limestone, and siltstone with sandstone lenses (Warren and 
Shaw 1995). Sparse stromatolites are present in places. 
Thickly bedded ooid grainstones of shallow-marine origin 
indicate that the formation represents an upward-shallowing 
cycle, after deposition of the deeper-water Pertatataka 
Formation (Kennard and Nicoll 1986). 

The Julie Formation has provided gas shows in the 
eastern part of the basin, notably in the Orange and Dingo 
prospects. In Dingo-2, a small gas flow (0.144 mmscfd) 
was obtained from Julie Formation carbonate rocks of 
variable, but low (average 4%) porosity (Weste 1990). Julie 
Formation reservoirs define a separate pressure system to 
those in the overlying Arumbera Sandstone, and are 200 psi 
over-pressured (Ambrose 2011a).

Arumbera Sandstone

The Arumbera Sandstone (Wells et al 1967) is the basal 
formation of the Pertaoorrta Group. It is present in all 
three sub-basins in the north of the basin, but thins 
substantially to the west. The formation is divided into two 
depositional successions of upward-coarsening siltstone 
and sandstone, separated by a probable disconformity; the 
lower is a transgressive-highstand systems tract formed 
during the Neoproterozoic, and the upper is part of an early 
Cambrian lowstand systems tract (Lindsay 1987, Kennard 
and Lindsay 1991, Figure 71). The lower succession has 
a maximum thickness of about 800 m in the Carmichael 
Sub-basin (Ambrose 2006a), whereas the upper succession 
has a maximum thickness of 500 m in this sub-basin. Both 
successions are fluvial-deltaic in origin; the sediments were 
carried by braided streams from the southwest, and laid 
down as prograding delta and marine deposits in the three 
sub-basins and connecting troughs (Figure 52a). Mapstone 
and McIllroy (2006) interpreted the lower succession 
to represent small-scale deltas prograding across the 
underlying carbonate platform of the Julie Formation, and 
the upper succession to represent major deltaic complexes 
prograding at the sub-basin scale. Thin transgressive 
successions have been recorded in petroleum wells to the 
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south [eg in Wallara-1 (Ambrose 2006a)], indicating that the 
lower succession probably onlaps the Central Ridge. The 
Arumbera Sandstone has not been formally subdivided into 
members, but four informal lithological units (Arumbera 
1–4) are recognised within the formation (Wells et al 
1967). The unit overlies the Julie Formation with apparent 
conformity in the northeast but, in other areas, the Julie 
Formation appears to have been eroded prior to the 
deposition of the Arumbera Sandstone. 

The Arumbera Sandstone has provided numerous gas 
shows throughout the eastern part of the basin (notably in 
the Orange and Dingo prospects). Gas reservoired in the 
basal Arumbera Sandstone flowed on testing in the range 
1.3–5.0 mmscfd in Dingo-1 and at 1.38 mmscfd in Dingo-2. 
Core porosities and permeabilities in this formation are 
in the range 2–14% and 0.1–11.9 mD, respectively (Weste 
1990). An intraformational seal occurs at the top of 
Arumbera Unit 1 (Ambrose 2011a).

Pacoota Sandstone

The Pacoota Sandstone, described above under Source 
rock units, is one of two main Ordovician reservoirs for 
the Amadeus Basin, the other being the younger Stairway 
Sandstone. Both formations have very variable marginal 
porosities and permeabilities, due to the presence of thin shale 
interbeds and authigenic growth within intergranular pore 
spaces (Weste 1990). Loss of primary intergranular porosity 
is attributed primarily to growth of authigenic silica, pressure 
welding, suturing and interpenetration of grains. In the Palm 
Valley gas field, good primary intergranular porosity has 
been infilled by carbonate silica overgrowths reducing a 
primary porosity of 20–30% to 2–4% and permeability to 
about 0.1 mD (Do Rozario 1991). Gas production is primarily 
from an interconnected fracture system (Do Rozario and 
Baird 1987). However, production rates indicate that matrix 
porosity, although small, is contributing to production. 
Kurylowicz et al (1976) used wireline log-determined 
porosities to assess porosity trends in the Stairway and 
Pacoota sandstones through the basin. They described the 
porosity as being a function of depth of burial, and found that 
it increases in an easterly direction from Palm Valley towards 
Mereenie. They concluded that the total storage capacity of 
reservoir sandstones increases towards the basin centre. 

The porosity and permeability of the Pacoota Sandstone 
is variable. Weste (1989a) reported porosities in the range 

3–14% and permeabilities of up to 147 mD in Tempe Vale-
1 and Mount Winter-1. Porosity and permeability averages 
8% and 10 mD, respectively in the Mereenie field according 
to Havord (1991). Havord described two primary and 
two secondary types of visible porosity in the formation 
and suggested that, as a result of diagenetic processes, 
particularly silicification, original textural characteristics 
have little influence on present porosity and permeability. 
Huckaba (1970) used porosity data derived from wireline 
logs in a detailed study of the Pacoota Sandstone at Mereenie. 
He determine that zones having less than 4% porosity were 
unfavourable for significant oil or gas flows. However, at 
both Mereenie and Palm Valley, reservoir quality is greatly 
improved by fracture porosity (Warburton et al 2005). 

In general, Cambrian and Ordovician depositional 
environments became more terrestrial to the south and 
west, so that sandstones are more common; grain size, 
particularly the size of pebbles in pebbly sandstone, also 
tends to increase to the west. Reservoir characteristics 
are therefore probably better in these areas than in the 
east of the basin. Although the thicknesses of the Pacoota 
Sandstone and, to a lesser extent, the Stairway Sandstone 
decrease to the west, particularly over anticlines, porosity 
generally improves, indicating that thinner pay zones could 
be economic (Weste 1989a, 1990). Gorter (1990) stressed 
the importance of the Central Ridge in the location of 
reservoir facies. He subdivided the Pacoota Sandstone into 
12 sequences, and identified the best reservoirs occurring 
on the Central Ridge as a result of weathering during a 
depositional hiatus there between the P3 and P4 units of 
Deckelman (1991), and by shoaling on the Ridge during 
P1 deposition. At Mereenie the interbedded nature of sand 
and silt has led to the identification of 24 Pacoota reservoir 
sandstones. However, the dominant oil- and gas-producing 
interval is Unit P3B of Deckelman (1991), which is part of 
Sequence 3 of Shergold et al (1991). This is a porous fluvial 
facies that does not extend as far east as Palm Valley. 

Stairway Sandstone

The Stairway Sandstone, described above under Source 
rock units, is the main reservoir at the Surprise oil field 
(Central Petroleum 2013a) and an important reservoir at 
both Mereenie and Palm Valley. Like the Pacoota Sandstone, 
the formation has very variable marginal porosity and 
permeability, due to the presence of thin shale interbeds and 

Figure 71. South-dipping ridges of 
Arumbera Sandstone at Ross River, 
northeastern part of Amadeus Basin 
(after Edgoose 2013), showing four-
fold division of Arumbera Sandstone. 
Neoproterozoic–Cambrian boundary 
coincides with recessive topography 
between ridges (yellow line).
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authigenic growth within intergranular pore spaces. These 
complexities make reservoir evaluation difficult (Weste 
1990). In Tempe Vale-1, the upper Stairway Sandstone is 
extensively silicified, but the lower Stairway Sandstone shows 
fair to good porosity in coarser-grained sandstone. In Mount 
Winter-1, the lower part of the formation is in part reasonably 
porous (up to 11%), but shale and siltstone laminae reduce 
permeability to a maximum of only 2.4 mD (Weste 1989a). 
At Mereenie the interbedded nature of sand and silt has led to 
the identification of 10 reservoir sands within the formation 
(Havord 1991). The porosity of the lower part of the Stairway 
Sandstone at Mereenie is up to 12%, whereas the porosity of 
the upper part is up to 8%. The permeability throughout is up 
to 5 mD (Ozimic et al 1986). As in the Pacoota Sandstone, at 
both Mereenie and Palm Valley, reservoir quality is greatly 
improved by fracture porosity (Warburton et al 2005). 

Other potential reservoir units

As well as the formations described above, the Amadeus 
Basin contains other sandstone and carbonate rock 
units with reservoir potential at various levels within the 
succession. Most of these are either unassessed or poorly 
studied as potential reservoirs.

In the Neoproterozoic section, units with unknown 
potential include the Pinyinna beds, Inindia beds, Areyonga 
Formation, Olympic Formation, Gaylad Sandstone and Julie 
Formation. The Pinyinna beds, in the southwestern part of 
the Amadeus Basin, is laterally equivalent to the Bitter 
Springs Formation, the upper part of which has reservoir 
potential. The Inindia beds, also in the southern areas of 
the basin, is reported to have significant sand bodies within 
it, but there have been no indications to date of it being an 
effective (or otherwise) reservoir. A significant, but sub-
economic dry gas flow (12 000 scfd in DST) in Ooraminna-1 
was originally believed to have been reservoired in the 
Areyonga Formation (Planalp and Pemberton 1963), but it 
has since been shown that this flow was from the Pioneer 
Sandstone (Ambrose et al 2012b). Marshall (2006) reported 
that the porosity of the unit is a relatively tight 5–8%, and 
that permeability is up to 30 mD. However, the potential 
reservoirs within the unit are generally poorly studied 
and underexplored. Warburton et al (2005) considered 
the formation to have relatively low prospectivity. In the 
northeast of the basin, the Olympic Formation (Preiss et al 
1978) contains lenticular coarse-grained clastic rocks and 
dolostone and is equivalent to the Pioneer Sandstone, which 
has reservoir potential, in the north-central portion of the 
basin. Two other formations in the northeast of the Amadeus 
Basin also have some reservoir potential but are untested. 
The Gaylad Sandstone (Freeman et al 1991) conformably 
underlies the Pertatataka Formation which is a known 
source rock. The thicker lower part of this unit has fluvial 
affinities, whereas the upper part is probably marine. The 
Julie Formation (Wells et al 1967) contains thickly bedded 
ooid grainstones of shallow-marine origin and represents 
an upward-shallowing cycle, after deposition of the deeper-
water Pertatataka Formation (Kennard and Nicoll 1986).

A number of clastic units in the southwest of the 
Amadeus Basin may also have potential. They include 
the Ellis Sandstone, which Marshall (2006) identified as a 

possible reservoir, although little quantitative information 
is available for this unit. Thick sandstones of the Carnegie 
Formation could also have potential in the west of the 
basin (Weste 1989a). Other Cambrian units with some 
potential include the Todd River Dolostone; the Tempe 
and Goyder formations; the basal Dingo Member of 
the Giles Creek Dolostone; and the Cleland, Illara and 
Deception sandstones. The Todd River Dolostone is the 
only formation in the Amadeus Basin that contains skeletal 
organic buildups (Kennard in Kennard and Nicoll 1986), 
and these could possibly form stratigraphic traps, but 
reservoir quality is largely unassessed in this unit. Vuggy 
porosity has been observed in cores from carbonate rocks 
of the Tempe and Goyder formations, and may constitute 
a potential reservoir facies. Vuggy and intergranular 
porosity of up to 13.1% occurs in the Goyder Formation 
in Tempe Vale-1, and appears to be fair, but is variable in 
Mount Winter-1 (Weste 1989a). However, vuggy porosity 
is difficult to assess, particularly from cuttings, and is also 
difficult to predict. The Dingo Member is a thin sandy unit 
at the base of the Giles Creek Dolostone that may represent 
a basal transgressive sand (Gorter 1982b), and is a possible 
reservoir target. Analysis of outcrop samples of the Cleland 
Sandstone, found to the west of Mount Winter-1, indicates 
good porosity in channel sandstones (Weste 1989a). Weste 
also reported good but variable porosity and permeability 
in the Illara Sandstone in BMR Hermannsburg-1 (maxima 
of 22.2% and 146 mD). Marshall (2004) considered that the 
more sand-rich lithofacies of the Deception Sandstone in 
the west of the basin could be a potential reservoir target. 
This formation has good reservoir characteristics in Tempe 
Vale-1 but only over a 15 m interval (Weste 1989a). The 
overlying Petermann Sandstone has generally poor porosity. 

SealS

Top seals

The Amadeus Basin succession has no shortage of top 
seals at various levels (Neoproterozoic, Cambrian and 
Ordovician), and these can be regional or local in extent. 
They involve a range of rock types, including shale, well 
cemented sandstone, salt/evaporite and, to a lesser extent, 
carbonate rocks. Regional seals are relatively uniform in 
composition, laterally continuous over large areas and 
relatively ductile, which has enabled them to preserve 
the integrity of underlying traps during subsequent 
restructuring. Intraformational seals are also significant 
and allow for stacked plays, even within the one unit.

All the reservoirs within the succession that have yielded 
significant hydrocarbons to date are top sealed. These 
include the following six target reservoir–seal couplets 
(Ambrose 2011a): 

•	 Gillen Member (source and seal) of Bitter Springs 
Formation over Heavitree and Dean quartzites 
(reservoir); Magee-1 gas prospect. 

•	 Pertatataka Formation (probable source and seal) over 
Pioneer Sandstone (reservoir); Ooraminna gas field. 

•	 Chandler Formation (seal) over Arumbera Sandstone 
(reservoir); Orange gas prospect.
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•	 Intra-formational shale (seal) within Arumbera 
Sandstone (reservoir); Dingo gas prospect. 

•	 Intra-formational shale (seal) within Pacoota and 
Stairway sandstones (reservoir), and regional Stokes 
Siltstone (seal) over Stairway Sandstone (reservoir); 
Palm Valley gas field, Mereenie oil and gas field, 
Surprise oil field. 

•	 Horn Valley Siltstone (source and seal) over Pacoota 
Sandstone (reservoir); West Walker-1 gas prospect. 

The only commercially productive petroleum 
accumulations in the basin to date, in Ordovician Larapinta 
Group reservoirs, are both locally and regionally sealed. 
The Stokes Siltstone is a thick seal for the upper Stairway 
Sandstone, and the Horn Valley Siltstone sources and seals 
some upper Pacoota Sandstone reservoirs. The predominantly 
shaly middle Stairway Sandstone forms an overall seal 
for lower Stairway Sandstone reservoirs. At Mereenie, 
intraformational shale and siltstone seals and subdivides the 
Pacoota and Stairway sandstones into numerous reservoirs 
(Havord 1991). Although the proportion of sand increases 
slightly westward, these intraformational seals are also 
present in drillholes to the west (Weste 1989a).

The Gillen Member of the Bitter Springs Formation and 
Chandler Formation contain significant salt/evaporite bodies 
that have the potential to form very effective regional seals 
within the basin. The Gillen Member potentially provides a 
two-fold seal for Heavitree/Dean Quartzite reservoirs: lower 
Gillen Member shale, which could act as both source and 
seal; and the overlying salt/evaporite succession. The salt/
evaporite seal is of particular significance, as it is regionally 
extensive and its high mobility would have enabled it 
to absorb tectonic strain through significant periods of 
time, so as to preserve the integrity of underlying traps by 
sealing faults and fractures that occurred during post-trap 
restructuring (Weste 1989a, Marshall 2006). The very high 
helium content (6%) of gas from the Heavitree Quartzite in 
Magee-1 (Wakelin-King 1994) would appear to confirm the 
long-lived integrity of this seal since the Neoproterozoic. 
Thick Chandler Formation top seals the Arumbera Sandstone 
(Weste 1989a) and some older potential reservoir units in 
places, including the Neoproterozoic Areyonga Formation. 

There are a number of other potential top seals within 
prospective intervals. These include:

•	 thick shale of the Aralka Formation over Areyonga 
Formation and possibly older Neoproterozoic reservoirs

•	 Giles Creek Dolostone over Arumbera Sandstone 
reservoirs

•	 Tempe Formation over porous sandstone in the Arumbera 
Formation, or over karst porosity in older carbonate rocks 
(Marshall 2004)

•	 limestone, siltstone and shale of the Goyder Formation 
over middle Cambrian reservoir facies (Weste 1989a)

•	 intraformational reservoir–seal couplets in the Inindia 
and Winnall beds, and possibly other units.

Halokinetic and fault seals

Gillen Member and Chandler Formation salt/evaporite has 
been juxtaposed against reservoir rocks at various levels in 

the Amadeus Basin succession via halokinesis, resulting 
in a number of possible plays (see also Prospectivity 
below). Although Gillen Member evaporites were deposited 
prior to the deposition of many of the potential reservoir 
formations, subsequent halokinesis has moved salt along 
faults and into salt walls and diapirs (eg see Dyson and 
Marshall 2007). In faults, the salt forms potential seals; in 
Undandita-1A, Gillen Member salt, injected along a thrust, 
seals underlying porous rocks that contain encouraging oil 
shows. In salt walls and diapirs, the salt also potentially 
forms updip seals for tilted blocks and pinchouts in younger 
sedimentary rocks (Weste 1989a). Chandler Formation salt 
is particularly significant towards the east of the basin, 
where halotectonic disruption has resulted in contacts with 
a range of older and younger units. Over wide areas of the 
Amadeus Basin, fractured Heavitree Quartzite is blanketed 
by thick Gillen Member evaporites that offer a very good 
seal. This offers considerable potential for entrapment of 
gas (and helium) on a regional scale (Ambrose 2011a).

Faults exhibit both sealing and leaking characteristics 
depending upon fault geometry and the relative juxtaposition 
of lithologies in the hangingwall and footwalls (Warburton 
et al 2005). Small-displacement faults might form seals 
or barriers to fluid flow, due to juxtaposition of reservoirs 
against intraformational seals. According to Warburton et al 
(2005), it is unlikely that footwalls will be sealed by large 
faults in the Amadeus Basin, and larger faults are therefore 
more likely to provide migration paths for hydrocarbons 
into hangingwall prospects. 

petroleum SyStemS

The Amadeus Basin contains elements of the Neoproterozoic 
Centralian Petroleum Supersystem of Bradshaw et al (1994) 
and, in particular, the very prospective early Palaeozoic 
Larapintine Supersystem of Bradshaw (1993) and Draper 
(2000). A number of petroleum systems are present within 
the basin. Two of these are relatively well established, but 
all the others are generally poorly defined, underexplored 
and in need of review, particularly in the light of recent 
exploration activities and revisions of the Amadeus Basin 
succession (see Haines et al 2010). Several units included 
within these conventional petroleum systems are also good 
unconventional petroleum targets.

Five petroleum systems (numbered 1–5) were 
recognised by Marshall (2003): systems 1–3 were 
Neoproterozoic, 4 was latest Neoproterozoic–Cambrian 
and 5 was Ordovician (see Figure 53). These were described 
in Marshall (2003), Warburton et al (2005) and Marshall 
et al (2007). As originally defined by Marshall (2003), 
the five petroleum systems encompassed the following 
stratigraphic units, in ascending stratigraphic order: (1) 
Heavitree Quartzite and Gillen Member (lower Bitter 
Springs Formation); (2) upper Bitter Springs Formation; 
(3) Areyonga Formation, Aralka Formation and Inindia 
beds; (4) Winnall Beds and Arumbera Sandstone; and (5) 
Horn Valley Siltstone, Pacoota Sandstone and Stairway 
Sandstone (all Larapinta Group). Warburton et al (2005) 
described these systems in terms of the included reservoirs: 
system 1 included the Heavitree Quartzite; system 2 the 
upper Bitter Springs Formation and Finke beds; system 3 
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the Areyonga Formation and Winnall beds; system 4 
the Arumbera Sandstone; and system 5 the Pacoota and 
Stairway sandstones. Marshall (2006) and Marshall et al 
(2007) included the interval from the upper Bitter Springs 
Formation to the Pioneer Sandstone in system 2 and 
an interval that included the Winnall beds, Pertatataka 
Formation, Julie Formation and equivalents in system 3. 

Ambrose (2011a) recognised eight possible petroleum 
systems, three of which they regarded as being proven. 
These were defined in terms of source rock intervals. 
The ‘proven’ systems include the: (1) the Gillen Member 
of the Bitter Springs Formation (Neoproterozoic); (2) the 
Pertatataka Formation (Neoproterozoic); and (3) the Horn 
Valley Siltstone (Ordovician). The other five potentially 
productive petroleum systems included: the middle–
upper Bitter Springs Formation (Neoproterozoic); Aralka 
Formation (Neoproterozoic); intra-Chandler Formation 
shale (early middle Cambrian); basal shale of the Giles 
Creek Dolostone (early middle Cambrian); and shale of the 
Goyder Formation and upper Shannon Formation (middle 
Cambrian).

Using the currently accepted criteria that define the 
conventional petroleum system (Magoon and Dow 1994, 
Magoon 1995, Magoon and Beaumont 1999) and total 
petroleum system (Klett et al 2000, Magoon and Schmoker 
2000, Charpentier et al 2001; see Appendix), only two 
petroleum systems within the basin are relatively well 
established. These involve the following source rock–
reservoir rock units:

•	 Neoproterozoic Gillen Member (source)–Heavitree 
Quartzite (reservoir), herein informally named the 
Gillen-Heavitree(?) petroleum system. 

•	 Ordovician Horn Valley Siltstone (source)–Pacoota 
Sandstone / Stairway Sandstone (reservoirs), named 
the Lower Larapinta Group Total Petroleum System by 
Warner (2012). 

Other petroleum systems within the basin have been 
proven to exist on the evidence of petroleum shows and 
sub- to marginally commercial flows, but all are difficult to 
define on present data, due to complex facies relationships 
and the absence of positive genetic correlations between 
source rocks and reservoirs. At least three and possibly 
more petroleum systems are present within the middle 
Cryogenian–early Cambrian succession from the upper 
Bitter Springs Formation to the Chandler Formation, but 
their limits are not easily defined on present data. Oil and 
gas shows are also present within a number of middle–late 
Cambrian units above the Chandler Formation, indicating 
that at least one petroleum system is also present in this 
interval.

Gillen-Heavitree(?) petroleum system

The Gillen-Heavitree(?) petroleum system (new informal 
name) is equivalent to Petroleum System 1 of Marshall 
(2003). This system provides an excellent target in the 
basin, although it is essentially unexplored. The lower 
Gillen Member provides good source rock characteristics, 
particularly in the southern parts of the basin, and also acts 

as a top seal over potential reservoirs in the Heavitree and 
correlative Dean quartzites. The system has been proved 
by oil shows within the Gillen Member and by a stabilised 
sub-commercial flow of gas from drillhole Magee-1 in 
the southern part of the basin (Wakelin-King and Austin 
1992, Wakelin-King 1994). Magee-1 flowed gas at a rate 
of 63.1 mmscfd from an estimated 3.6 m net pay zone of 
Heavitree Quartzite, demonstrating that the system could 
host a potentially viable accumulation in areas where 
reservoirs are thicker. Magee-1 gas also contains 6% helium, 
which would provide additional commercial options in the 
case of a discovery. Warburton et al (2005) identified two 
play fairways for this system: a large gas-prone area in the 
southeast of the basin and an oil- and gas-prone area west of 
Mereenie. Although gas charge was probably widespread, 
shallower burial westwards might have contributed to a 
thermally less mature, more oil-prone province. A regional 
blanket seal, provided by Gillen Member salt, together 
with the fact that multi-TCF-sized leads have already been 
defined, suggest good potential for this petroleum system. 
However, long-term diagenetic silicification of reservoirs is 
an issue, and reservoir quality might therefore be dependent 
on fracture porosity.

Middle Cryogenian–early Cambrian petroleum systems

This interval encompasses the middle Cryogenian–early 
Cambrian succession between the regionally extensive 
evaporite seals of the Gillen Member of the Bitter Springs 
Formation (base) and the Chandler Formation (top). It 
includes Petroleum Systems 2–4 of Marshall (2003), 
but these systems are somewhat arbitrary and need to be 
reassessed. The relationships between source rocks and 
reservoirs have not been clearly established by detailed 
geochemical studies, and any particular source rock may 
have charged reservoirs at any level of the succession, 
depending on migration pathways and the configuration of 
traps. There has also been a significant recent revision of the 
stratigraphic succession of the western and southwestern 
parts of the basin, resulting in a number of units being 
reassigned to different levels of the succession (see Haines 
et al 2010). For example, the Winnall beds and a number of 
clastic units in the west of the basin, such as the Carnegie 
Formation and Ellis Sandstone, are now considered to be 
much younger than previously thought, and are correlated 
with the Arumbera Sandstone rather than with older units. 
Similarly, the upper part of the Inindia beds, previously 
included in Petroleum System 3 of Marshall (2003), is now 
considered to be equivalent to the Pertatataka Formation 
and other units included in Petroleum System 4. 

There are a number of potential source rocks within 
this interval that alternate with, or are laterally equivalent 
to potential reservoirs. The most significant source rocks 
include the upper Bitter Springs Formation (Loves Creek 
Member and Johnnys Creek beds), Aralka Formation, 
Pertatataka Formation and Chandler Formation, but other 
potential source rocks are also present, including shaly 
intervals within the Inindia beds and Winnall beds. The 
most important potential reservoirs include the upper 
Bitter Springs Formation, Finke beds, Pioneer Sandstone 
and Arumbera Sandstone, but other potential reservoirs 
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include the Areyonga Formation, Olympic Formation, Julie 
Formation, intervals within the Inindia beds, and several 
other clastic units such as the Gaylad Sandstone, Carnegie 
Formation and Ellis Sandstone. 

Although it is not possible to clearly define petroleum 
systems within the succession on the available evidence 
at this time, a number of possible source-reservoir-seal 
configurations might be present within the following two 
broad stratigraphic intervals:

Upper Bitter Springs Formation to Areyonga Formation
This interval is more or less equivalent to Petroleum 
System 2 of Marshall (2003) and Warburton et al (2005), and 
includes the Neoproterozoic upper Bitter Springs Formation 
(source), and the upper Bitter Springs Formation, Finke 
beds and possibly the Areyonga Formation and sandstone 
bodies within the Inindia beds (reservoirs). Other potential 
source and reservoir rocks might also be present within the 
as yet unassessed Pinyinna beds, which is an equivalent of 
the Bitter Springs Formation in the far west of the basin. 
Reservoirs at higher levels in the basin succession may also 
have been charged by source rocks from this stratigraphic 
interval up to the ultimate top seal of the Chandler 
Formation, including the Arumbera Sandstone, which 
overlies this interval in drillhole Finke-1 (Gorter 1983b). 
Although there have been no discoveries in the system to 
date, there have been numerous oil and gas shows in most 
drillholes penetrating the upper Bitter Springs Formation, 
and a 50+ m palaeo-oil column was recognised within the 
Finke beds and upper Bitter Springs Formation in drillhole 
Finke-1 (Marshall et al (2007). Warburton et al (2005) 
noted that oil would be the dominant hydrocarbon phase 
and predicted a single oil-prone play fairway in the central 
and western parts of the basin. Intraformational shale may 
provide a top seal for dolostone reservoirs in the upper 
Bitter Springs Formation, and top seals for other reservoirs 
at this level could be provided by the regionally extensive 
Aralka Formation and possibly by intraformational shale in 
the Inindia and/or Winnall beds. 

Aralka Formation to Chandler Formation
This late Cryogenian to early Cambrian interval includes 
Petroleum Systems 3–4 of Marshall (2003) and Warburton 
et al (2005), and also the upper part of Petroleum System 2, 
as redefined by Marshall (2006) and Marshall et al (2007). 
Source rocks include the Aralka and Pertatataka formations, 
and potentially shaly units within the Inindia and Winnall 
beds in the southern part of the basin. Source rocks within 
the Chandler Formation, which provides a widespread 
regional seal over this entire interval, might also have 
supplied a charge to reservoirs in underlying units. The 
principle reservoirs recognised to date are the Pioneer 
Sandstone, which hosts the Ooraminna gas field, and 
Arumbera Sandstone, which hosts the Dingo and Orange 
gas prospects. Other reservoirs with some potential include 
the Olympic and Julie formations, sandstone bodies within 
the Inindia and Winnall beds, the Todd River Dolostone, 
and possibly clastic units in the west of the basin, such 
as the Carnegie Formation and Ellis Sandstone. There 
are a number of potential stratigraphic seals within the 
succession. The Pioneer Sandstone is regionally top sealed 

by the Pertatataka Formation. Salt and fine-grained clastic 
and carbonate rocks of the Chandler Formation or, where 
this is absent, the Tempe Formation form a regional seal 
over reservoirs within the Arumbera Sandstone (eg Orange 
prospect) and Winnall beds (Weste 1989a, 1994). Shale of 
the Winnall beds might also seal reservoirs in underlying 
units in the south of the basin. The reservoir in the Dingo 
gas prospect, the basal Arumbera (A1) Sandstone, is sealed 
by intraformational siltstone and shale, as is minor gas 
in less porous sandstone in overlying units (Weste 1990). 
Intraformational black shale could also seal sandstone 
reservoirs within the Inindia and Winnall beds in a stacked 
fashion (Marshall 2006). 

Although there have been numerous gas and some oil 
shows recorded from drillholes penetrating this succession, 
it is difficult to determine the origin and migration 
pathways of these accumulations without detailed 
geochemical studies. Although it is likely that Pertatataka 
Formation source rocks have charged reservoirs in the 
overlying Arumbera Sandstone (Ambrose 2011b), gas in 
the Pioneer Sandstone might have been sourced from either 
the underlying Aralka and/or the overlying Pertatataka 
formations (Ambrose 2011a). At the level of the Pioneer 
Sandstone, a gas-prone fairway can be assumed to exist 
around the Ooraminna discovery in the northeast of the 
basin. The regional extent of this fairway is unclear. At the 
level of the Arumbera Sandstone and Winnall beds, a large 
play fairway is inferred to exist over much of the basin, 
corresponding to the distribution of these units. The gas-
prone nature of the fairway in the east is established from 
gas recovered from the Arumbera Sandstone in the Dingo 
and Orange prospects. The area to the west of Mereenie 
and east to Palm Valley may be both oil- and gas-prone, 
as inferred from the regional occurrence of quality source 
rocks below the Arumbera Sandstone and of oil shows in 
the upper Bitter Springs Formation, which subcrops the 
Arumbera Sandstone in Finke-1 (Warburton et al 2005). The 
nature of the fairway in the southern and southwestern parts 
of the basin is unclear. Source rocks in the Winnall beds are 
more likely to generate gas than liquids at present, but an oil 
show was reported from drillhole Erldunda-1 (Pemberton 
and McTaggart 1966), suggesting some potential for oil as 
well as gas.

Middle–late Cambrian

This interval includes the succession from the Chandler 
Formation regional salt seal to the Goyder Formation. There 
have been no significant petroleum discoveries within this 
section, but there have been a number of oil and gas shows 
(Figure 53) that demonstrate the existence of at least one 
petroleum system. Potential source rocks include intra-
Chandler Formation shale, the Giles Creek Dolostone, the 
upper Shannon Formation and the lower Goyder Formation 
(Ambrose 2011a). Potential reservoirs include the Tempe 
and Goyder formations; the basal Dingo Member of 
the Giles Creek Dolostone; and the Cleland, Illara and 
Deception sandstones in the west of the basin. Extensive 
stratigraphic top seals, such as are found at other levels 
of the succession, appear to be lacking, although Weste 
(1989a) suggested that middle Cambrian potential reservoir 
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facies could be sealed by limestone and shale of the Goyder 
Formation. Otherwise, any petroleum accumulations in this 
section could be fault sealed. In the absence of an effective 
top seal, any hydrocarbons generated in middle Cambrian 
source rocks are likely to migrate upwards to traps higher 
in the basin succession. 

Lower Larapinta Group Total Petroleum System

The Ordovician Lower Larapinta Group Total Petroleum 
System (Warner 2012) is equivalent to Petroleum System 5 
of Marshall (2003). It includes the prolific Horn Valley 
Siltstone source rock unit, the two principle reservoir units 
(Pacoota and Stairway sandstones) and all undiscovered 
petroleum resources related to this system. It recognises a 
positive correlation between source and reservoirs that has 
been demonstrated by geochemical methods (Kurylowicz 
1976, McKirdy 1977, Summons and Powell 1991). Warner 
(2012) recognised four potential unconventional assessment 
units (AUs) within the system; in ascending stratigraphic 
order, these included the Pacoota Continuous Tight Gas 
AU; Horn Valley Continuous Shale Gas AU; Horn Valley 
Continuous Shale Oil AU; and Stairway Continuous Shale 
Gas AU (Figure 72). 

This Ordovician system is currently the only 
commercially productive petroleum system in the basin, and 
is the best target for petroleum exploration. It is responsible 
for the charging of the Mereenie oil–gas, Palm Valley gas 
and Surprise oil fields, and also includes the West Walker 
and Johnstone West prospects. The principle source rock 
for this system is the Horn Valley Siltstone, with a possible 
lesser contribution from shale within the Pacoota Sandstone, 
and reservoirs are within the underlying Pacoota Sandstone 
and overlying Stairway Sandstone. The system is sealed 
by intraformational shale in the Pacoota and Stairway 
sandstones over reservoirs in the lower parts of these units; 
by the Horn Valley Siltstone, which seals some upper 
Pacoota Sandstone reservoirs (eg at West Walker-1); and 
by the Stokes Siltstone, which provides a thick seal for the 
upper Stairway Sandstone (Weste 1990). The play fairway 
for this petroleum system is located in the northern part of 

the basin (Warburton et al 2005), and is considered to be oil- 
and gas-prone with increasing probability for oil westward, 
on the basis of: (1) the presence of gas at Palm Valley in the 
east, oil and gas at Mereenie, and oil at Surprise in the west; 
(2) decreasing stratigraphic thickness westward and lower 
thermal maturity; and (3) a clearly discernible westward 
increase in the oil-prone nature of the kerogen toward the 
central northwest (Gorter 1984a).

commercIal fIeldS and technIcal dIScoverIeS

Commercial fields

The Amadeus Basin contains two established petroleum 
fields: the Mereenie oil and gas field and the Palm Valley gas 
field. The Surprise oil and Dingo gas fields are also classed 
as commercial fields, as they contain economic quantities 
of petroleum and will commence production in 2014 and 
2015, respectively.

Mereenie oil and gas field

The Mereenie oil and gas field is located approximately 
245 km west of Alice Springs in the central-north of the 
Amadeus Basin and approximately 100 km to the west of the 
Palm Valley gas field, the only other currently producing field 
in the basin. The field was discovered in 1963 by Exoil NL 
(later AGL Petroleum Ltd), who was then in joint venture with 
Magellan Petroleum (NT) Pty Ltd, now Magellan Petroleum 
Corporation (Magellan), and was developed by this joint 
venture in the early 1980s. Santos acquired AGL’s interests in 
the field in 1993 and Magellan’s interests in 2011, to become 
sole owner and operator. The NT’s total onshore oil production 
to date comes from the Mereenie field; from first production 
in 1984 to 2013, this field has produced ca 17 mmbbl of oil 
and ca 243 Bscf (ca 257.7 PJ) of gas (Figures 7, 8). Mereenie 
oil is trucked to Port Bonython in SA and sold to Australian 
refineries to make transportation fuels. Prior to 2009, the 
field supplied domestic gas by pipeline to Darwin and to 
the NT Power and Water Corporation for power generation. 
However, contracts for this supply ceased in 2009, and the 
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Figure 72. Diagrammatic cross-section showing assessment units (AUs) of the Lower Larapinta TPS (after Warner 2012).
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NT’s domestic supply is currently sourced from the Blacktip 
gas field in the offshore Bonaparte Basin. Current production 
from Mereenie consists exclusively of solution gas associated 
with oil production. Some gas is sold under contract to NT 
customers, but the field currently produces more than is sold 
and the excess gas is being compressed and re-injected into 
the main oil production reservoir to assist in maintaining 
pressure.

Hydrocarbons in this field are hosted within the Mereenie 
Anticline, a 40 km-long, up to 4 km-wide, easterly plunging 
structure located in the hangingwall of a north-dipping 
reverse fault (Benbow 1968, Havord 1991, Figure 73). 
The structure can be defined as a four-way dip, closed 
over-thrust anticline that is one of a series of en echelon, 
west-northwest-trending structures in the northern part 
of the basin (Schroder and Gorter 1984, Figure 74). The 
crest of the Mereenie Anticline is sinuous and has several 
culminations. Proximity of the southern limb to the main 
fault causes it to dip more steeply than the northern limb 
(Havord 1991). The main hydrocarbon trap is a simple 
anticlinal fold closure, although faults and permeability 
variations may constitute additional trapping mechanisms.

The Mereenie field forms part of the Ordovician 
Lower Larapinta Group Total Petroleum System. The 
Mereenie field reservoirs are contained within multiple, 
thin sandstone beds within the Pacoota Sandstone and, to a 
lesser extent, the Stairway Sandstone, which are separated 
stratigraphically by the Horn Valley Siltstone (Ozimic et al 
1986, Havord 1991, Figure 73). The Horn Valley Siltstone 
is the main source rock for the Mereenie hydrocarbons 
(Kurylowicz 1976, McKirdy 1977, Summons and Powell 
1991), with a lesser contribution from shale within the 
Pacoota Sandstone. Although the two main reservoir units 
have relatively uniform thicknesses across the field, the 
porosity and especially permeability of the sandstones are 
highly variable, due to the presence of shale interbeds and 
diagenetic quartz overgrowths within intergranular pore 
spaces. The Pacoota Sandstone has an average thickness 
of 320 m at Mereenie and contains 24 identified sandstone 
reservoir intervals interbedded with siltstone and shale. 
These reservoirs consist of fine- to medium-grained, 
moderately well sorted quartz-rich sandstone. Clay content 
is low, but there are extensive quartz overgrowth cements, 
and lesser carbonate, anhydrite and gypsum cements, that 
have significantly reduced reservoir quality. The Stairway 
Sandstone has an average thickness of 244 m at Mereenie 
and contains 10 identified reservoir sandstones. These 
consist of fine- to medium-grained, moderately well sorted 
quartz-rich sandstones, which are more angular and finer-
grained than in the Pacoota Sandstone, and which have 
quartz overgrowth cements that have significantly reduced 
permeability. 

Santos (2013a) listed the total proven plus probable 
reserves at Mereenie (under the heading ‘Amadeus Basin’), 
as of 31 December 2012, to be 123 PJ of sales gas, 8 mmbbl of 
crude oil and 2 mmbbl of condensate (Table 3). The company 
has committed to a $100 million drilling and appraisal 
program in 2013/2014 on and surrounding the Mereenie field, 
as part of its Mereenie Appraisal and Development Drilling 
(MADD) project. Up to 23 wells are planned over 2 years 
and, if successful, Santos will consider a further drilling 
program. This work will target tight oil while also evaluating 

natural gas resources. The company predicts that there are 
enough remaining oil and natural gas reserves to extend the 
life of the Mereenie field well beyond 2030.

Palm Valley gas field

Palm Valley is a dry gas field located approximately 150 km 
west of Alice Springs and approximately 100 km east of 
the Mereenie oil and gas field in the central-north of the 
Amadeus Basin. It was discovered in 1965 by Magellan and 
was developed in the early 1980s, with first production in 
1983. In 2006, Santos obtained a 47.977% stake in the Palm 
Valley field, but this was reacquired by Magellan in 2011. In 
February 2014, Central Petroleum purchased all Amadeus 
Basin assets of Magellan, including the Palm Valley field 
and pipeline, and became the sole owner and operator of the 
field (Central Petroleum 2014a). 

The Palm Valley field forms part of the Ordovician Lower 
Larapinta Group Total Petroleum System. Hydrocarbons 
are hosted in a combination structural-stratigraphic trap 
in a simple, slightly asymmetric, east-northeast-trending, 
doubly plunging anticline (Palm Valley Anticline) that 
represents a four-way dip closure (Figures 74, 75). The 
reservoir is both multi-layered and heterogeneous, and 
is characterised by predominantly fracture-dependent 
permeability. It encompasses fractured Pacoota Sandstone, 
which has an average thickness of ca 520 m at Palm Valley, 
and fractured lower Stairway Sandstone, the thickness of 
which is in the range 295–310 m (Do Rozario 1991). A gas 
flow has also been recorded from a fractured dolostone bed 
at the base of the intervening Horn Valley Siltstone. The 
reservoirs are sealed by siltstone and tight sandstone of the 
Horn Valley Siltstone and middle Stairway Sandstone, and 
the entire field is overlain by shale of the Stokes Siltstone. 
Primary porosity in the reservoir units has been severely 
reduced by silica and carbonate cements and quartz 
overgrowths (Do Rozario 1991), resulting in consistently 
low present-day porosity (2–4%) and extremely low matrix 
permeability (0.01 mD). However, reservoir permeability is 
provided by an interconnected system of natural fractures. 
This fracture system is extensive and has a hierarchical 
order from microfractures at the grain scale, through 
small fractures to very large high-permeability fractures, 
which are the main target for wells drilled in the field. The 
fractures are fold-related, and there is a clear structural 
control to fracture spacing. Do Rozario (1991) noted that the 
highest well productivity is associated with a narrow zone 
of open fracturing that exists along the axis of the Palm 
Valley Anticline. Weste (1989a) noted that sustained high 
production rates indicated that substantial quantities of the 
matrix gas were able to migrate into the fracture system.

The Palm Valley gas field produced ca 166.5 PJ 
(ca 157 Bscf) of gas (Table 3), from 1983 to 2012. The field 
is in an advanced stage of decline, but could still produce for 
many years, and Magellan (2014) estimated the remaining 2P 
Proved and Probable Reserve to be 26 Bscf (29 PJ, Table 4). 
Gas from the field was piped to Power and Water Corporation 
in Alice Springs for power generation until January 2012, 
when the contract ended. However, production has continued 
from the field as a result of a new long-term sales contract with 
Santos, who buys gas for on-sale to NT customers. Santos 
will be able to sell up to ca 24.4 PJ (23 Bcf) of gas, which 
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represents the majority of the field’s remaining reserves, over 
the next 17 years and, to date, has future sale commitments 
for 12.2 PJ (11.5 Bscf) of this gas. 

Surprise oil field

The Surprise oil field is located approximately 140 km west 
of the Mereenie oil and gas field in the northwest of the 
Amadeus Basin (Figure 55a). It was discovered in 2011 
by the sole owner and operator Central Petroleum Ltd 
and will commence production in 2014 after the company 
was granted a production licence in February of that year 
(Central Petroleum 2014b). The only well drilled in this field 
to date, Surprise-1 REHST1, flowed light sweet crude to 
surface from a 230 m lateral at a stabilised rate of 380 bopd 
with low water cut, making it the first significant onshore oil 
flow in the NT in nearly 50 years. 

The Surprise field forms part of the Ordovician Lower 
Larapinta Group Total Petroleum System. It is particularly 
significant in that it extends the fairway for this petroleum 
system to 150–200 km west of the Mereenie oil and gas field, 
to the west of the Central Ridge. The Surprise-1 REHST1 
well is in the westernmost of two broad culminations in 
a east–west-trending, slightly arcuate anticlinal structure 
(Figures 76, 77). The eastern culmination is partially fault-
bounded to the north and south, and is truncated by a salt 
diapir to the east. The western culmination (Surprise West), 
which reservoirs the oil pool discovered by Surprise-1 
REHST1, is a combination structural-stratigraphic trap in 
a west-northwest-trending, doubly plunging anticline that 
represents a four-way dip closure. The anticline is cut by 
a north-northwest-trending fault zone that divides the 
target reservoir into eastern and western areas. This fault 

zone consists of a steeply east-dipping master fault and 
several more northerly trending splay faults that branch 
from the east side of this fault at an acute angle. The sense 
of movement on the master fault is east-side down, but 
the splay faulting also suggests a component of strike-
slip (sinistral?) movement. Surprise-1 REHST1 tested 
the reservoir to the west of this fault and reached a total 
vertical depth of 2672 m in the Pacoota Sandstone (Central 
Petroleum 2012b). Oil is reservoired in the lower Stairway 
Sandstone, with no significant hydrocarbons encountered 
in the Pacoota Sandstone in this well. The relatively thin 
reservoir interval is interpreted as a winnowed shoreline 
deposit, and comprises fine- to very coarse-, but mostly 
medium-grained sandstone with thin carbonaceous wavy 
laminae indicative of bioturbation, and fractures sub-
parallel to bedding (Central Petroleum 2011a, 2012b, Heugh 
et al 2012, Kho et al 2012). The sandstone is angular to 
subrounded, and poorly to moderately well sorted, and has a 
very strong siliceous cement (quartz overgrowths). Porosity 
and permeability do not appear to have been profoundly 
adversely affected by depth; porosities of unfractured rock 
are in the range 4–11% (average 5–8%), and permeabilities 
vary between 0.1 mD and 420 mD. Permeability is also 
provided by the network of natural fractures that are largely 
parallel to bedding (Central Petroleum 2011a, Kho et al 
2012). The accumulation is top sealed by siltstone with 
sandstone interbeds of the middle Stairway Sandstone 
(Central Petroleum 2012b) and may be fault sealed to the 
east. Shale of the Stokes Siltstone provides a regional seal 
over the entire field. Reservoir targets to the east of the 
cross-cutting fault zone are yet to be tested by drilling. 
There may be structural and/or stratigraphic components to 
the trap along the anticlinal ridge to the east of the structure, 
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including salt diapir flank onlap or truncation plays where 
the Stairway Sandstone reservoir is seismically interpreted 
to pinch out into salt. 

The gross vertical oil column in the lower Stairway 
Sandstone is 18 m thick (Heugh et al 2012). A reserve report 
in March 2013 estimated a 2P Original Oil In Place (OOIP) 
resource of 6.42 mmbbl for the Surprise West field (Central 
Petroleum 2013b). The 1P and 3P Estimated Recoverable 
resources for this field were given as 0.6 mmbbl and 
2.125 mmbbl, respectively. A 2C Contingent Recoverable 
Resource of 5.8 mmbbl was also estimated for the untested 
part of the field (Surprise East) to the east of the cross-cutting 
fault (table 3). Hallgren et al (2012) noted that horizontal 
drilling is needed to achieve sustained flows to surface in the 
lower Stairway Sandstone reservoir and that sub-commercial 
flow rates are likely from a vertical well bore.

Further exploration targets at Surprise include Horn 
Valley Siltstone unconventional shale oil/gas plays below 
the Stairway Sandstone reservoir, deeper conventional 
oil targets reservoired within the Pacoota Sandstone, and 
gas reservoired within the Neoproterozoic Bitter Springs 
Formation at a depth of about 400 m below the level of the 
Stairway Sandstone reservoir (Central Petroleum 2012a, 
2013a).

Dingo gas field

The Dingo gas field is located approximately 60 km south 
of Alice Springs and 115 km east-southeast of the Palm 
Valley gas field in the northeast of the Amadeus Basin. 
It was discovered by a consortium led by Pancontinental 
Petroleum Ltd in 1981, and two wells were drilled at 
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Figure 77. Depth structure map of 
Stairway Sandstone reservoir at Surprise 
(after Central Petroleum 2013a).

this stage to establish the field’s resource and production 
potential. No further work was completed at Dingo until 
1990, when Magellan became owner and operator of the 
field, and drilled two further appraisal wells in 1990 and 
1991. Santos and a number of smaller companies farmed 
into the Dingo field in 1993, with Santos gradually 
increasing its stake from 37.19% to 65.6635% by 2006. 
Magellan reacquired a 100% interest in the field in 2011 
but, in February 2014, Central Petroleum purchased 
all Amadeus Basin assets of Magellan, including the 
Dingo field, and is currently the sole owner and operator 
(Central Petroleum 2014a). There has been no commercial 
production from the field to date.

The petroleum system that resulted in the charge in the 
Dingo field is poorly defined and has not been named. It 
is one of a number of possible middle Cryogenian–early 
Cambrian systems that could be present in the basin (see 
above). The main reservoir is the basal (A1) unit of the 
Neoproterozoic–early Cambrian Arumbera Sandstone, 
which is about 298–315 m thick at Dingo. The underlying 
Julie Formation is also gas-bearing, and reservoirs within 
this unit define a separate pressure system that is 200 psi 
over pressured (Ambrose 2011a). Pertatataka Formation 
source rocks have been geochemically matched to the gas 
resources at the Dingo gas field, using isotope geochemistry 
(C Boreham, Geoscience Australia, in Ambrose et al 2010), 
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but it is also possible that the older Aralka and Bitter Springs 
formations might have supplied some hydrocarbons. Gas is 
hosted in a seismically located and defined, broad, unfaulted, 
domical anticline, 11.0 km long and 5.75 km wide, that is 
slightly elongated in a west-northwest to east-southeast 
direction (Figure 78). This structure, which represents a 
simple four-way dip closure, is not filled to spill point and 
the area of gas-bearing Arumbera Sandstone has been 
mapped at 23.5 km2 (Warris 1996). The Dingo structure is 
separated by the Orange Creek Syncline from the Orange 
structure, which hosts the Orange gas prospect about 24 km 
to the north-northwest, and from the nose of the Ooraminna 
anticline some 20 km to the northeast. The spill point for the 
structure is to the south where Neoproterozoic sediments 
are exposed in the core of the Highway Anticline (Warris 
1996).

The main reservoir unit in the basal (A1) Arumbera 
Sandstone is an upward-fining succession of sandstone, 
siltstone and shale. The sandstone is subarkosic to quartzic, 
very fine- to coarse-grained and locally pebbly, moderately 
sorted, and subangular to subrounded. It is sealed by 
intraformational siltstone and shale that predominate over 
sandstone. The main gas-bearing interval has porosities 
in the range 6.0–16.2%, with an average of 11.7%, and 
permeabilities that range up to 11.9 mD. The reservoir net 
pay zone ranges from 9.4 m to 16.8 m in thickness. Minor 
gas also occurs in less porous sandstones in the overlying 
(A3 and A4) units, which are sealed by relatively thick 
siltstone/shale. The underlying Julie Formation reservoir 
has an average porosity of about 4.0% and a maximum 
permeability of 2.2 mD (Warris 1996). A thick regional 

seal over the whole of the Arumbera Sandstone at Dingo is 
provided by the overlying Chandler Formation. 

Resources at the Dingo gas field were calculated by 
Warris (1996) to be 122.5 Bcf (129.91 PJ) Gas In Place, 
with a Recoverable Gas Reserve to the water leg estimated 
at 73.5 Bcf (77.94 PJ). However, Magellan (2013) reported 
a more conservative 2P Probable Undeveloped Reserve 
of 29 Bscf (30.8 PJ) for the field (table 4). In September 
2013, Magellan signed a gas supply and purchase agreement 
(‘Dingo GSPA’) for the long-term sale of Dingo gas to the NT 
Power and Water Corporation over a 20-year supply period, 
to commence in 2015 (Magellan Petroleum Corporation, 
media release, 12 September 2013). This agreement will 
require the construction of surface facilities at Dingo and 
a 40 km-long pipeline to connect to the Mereenie–Alice 
Springs pipeline. Central, the current operator, will continue 
to develop the field in accordance with this contract (Central 
Petroleum 2014a).

technical discoveries

Technical discoveries include the Ooraminna gas field and 
the Magee-1, Orange and West Walker-1 gas prospects.

Ooraminna gas field

The Ooraminna gas field is located about 45 km southeast of 
Alice Springs and about 40 km northeast of the Dingo gas 
field in the northeastern portion of the Amadeus Basin, and 
was discovered in 1963 by Exoil NL in joint venture with 
Magellan. The discovery well, Ooraminna-1, provided a 
small gas flow of 0.012 mmscfd from what was then believed 
to be the Areyonga Formation (Planalp and Pemberton 1963). 
Ooraminna-2 was drilled in 2010 by a consortium headed 
by Central Petroleum, via its wholly owned subsidiary 
Helium Australia Pty Ltd, in a joint venture with Petroleum 
Exploration Australia Pty Ltd and Red Sky Energy (NT) 
Pty Ltd. This well was designed to have a deviated hole 
section through the main Pioneer Sandstone target in an 
attempt to intersect an anticipated vertical fracture system. 
It flowed 152 mmscfd of gas after acidisation from a tight 
reservoir zone in the Pioneer Sandstone (Ambrose et al 
2012b), which was demonstrated to be the main reservoir in 
the field, rather than the Areyonga Formation. The field is 
currently 100% owned and operated by Helium Australia. 

The petroleum system that resulted in the charge in the 
Ooraminna field is poorly defined and has not been named, 
but is one of a number of possible middle Cryogenian–early 
Cambrian systems that could be present in the basin (see 
above). The main reservoir is the Pioneer Sandstone, and 
the probable source rocks are believed to be the overlying 
Pertatataka and/or underlying Aralka formations, with the 
Pertatataka Formation providing a regional top seal. The 
Ooraminna structure outcrops as a huge four-way dip closure 
with a large, potential incremental closure to the east, which 
is of uncertain limits but probably in excess of 1000 km2 
(Ambrose 2011a). The Pioneer Sandstone is 83 m thick in 
Ooraminna-2, and comprises a lower unit of well laminated 
shale and siltstone with interbedded dolomitic limestone and 
minor fine- grained cemented sandstone, overlain by minor 
black bituminous shale, and then by an upper unit of dolomitic 
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limestone with some intraformational carbonate and chert 
clasts and quartz grains, and minor fine- to medium-grained 
sandstone (Ambrose et al 2012b). The limit of the gas column 
probably occurs at the base of the upper massive dolomitic 
limestone, or alternatively could occur near the base of the 
formation, as some gas shows and high gas saturations were 
recorded in Ooraminna-2 down to the top of the Aralka 
Formation (Ambrose et al 2012b). There is no indication of 
water anywhere in the Pioneer Sandstone, so the gross gas 
column could be as thick as 50 m in this well although net 
gas pay (9.6 m) is restricted to the carbonate rocks / sandstone 
in the top 16 m of the column. Average matrix porosity in 
the reservoir is only 2%, and a network of micro- and larger-
scale fractures is therefore largely responsible for the gas 
flows recorded to date (Ambrose et al 2012b). 

The total potential of the Ooraminna structure is 
uncertain, but if filled to spill, gas reserves could be very 
significant and could eventually reach 2000 Bcf (2121 PJ; 
GIIP). Deliverability is likely to rely on fractures and the 
target reservoir is likely to require extensive stimulation 
and lateral drillholes in order to achieve commercial flow 
rates (Ambrose 2011a).

Magee-1 gas prospect

Magee-1 is located about 70 km south of the Dingo gas field 
in the southern part of the Amadeus Basin and was drilled by 
Pacific in 1992 to test the Neoproterozoic succession below 
the evaporitic interval of the Bitter Springs Formation. The 
prospect is currently within an exploration tenement held 
by a Santos–Central joint venture, with Santos as operator. 

The Magee-1 gas prospect forms part of the Gillen-
Heavitree(?) petroleum system. A small but significant flow 
of 63 mmscfd of wet gas was recorded from Magee-1 from 
an estimated 3.6 m net pay zone from the target reservoir of 
fractured Heavitree Quartzite, sourced and sealed by lower 
Gillen Member shale, below a regional top seal of Gillen 
Member salt. Of particular significance was a high (6.2%) 
component of helium within the gas flow. The formation 
is only 4.5 m thick in this drillhole, but had fair reservoir 
quality with a porosity of 9% and an average permeability 
of 10 mD (Wakelin-King and Austin 1992, Marshall 2006). 
Pacific considered the discovery to be sub-commercial 
because of the low flow rate and thin reservoir interval, 
and no gas or helium reserves have been allocated to the 
prospect. However, this petroleum system is extensive over 
a wide area of the southern part of the Amadeus Basin 
and there is therefore significant potential for economic 
quantities of gas/helium elsewhere in thicker reservoir 
intervals (see Prospectivity).

Orange gas prospect

The Orange gas prospect is located about 40 km south-
southwest of Alice Springs, about 100 km east of the Palm 
Valley gas field, and about 24 km north-northwest of the 
Dingo gas field. It was discovered in 1984 by Pancontinental 
Petroleum when drillhole Orange-2 produced a minor 
gas flow of 1.38 mmscfd from the basal (A1) Arumbera 
Sandstone and a strong gas show in the underlying Julie 
Formation equivalent (Marsden et al 1985). This well was 

spudded on a seismically defined anticlinal structure that 
had been previously tested by Orange-1 in 1966 (Magellan 
1967), but this well failed to reach the lower Arumbera 
Sandstone due to mechanical problems. Ordovician 
Larapinta Group rocks were intersected in both drillholes, 
but reservoir facies in this interval produced no significant 
shows due to flushing by meteoric water and the poor 
development of organic facies in Horn Valley Siltstone 
source rocks in this area (Weste 1990). The prospect is 
currently within an exploration tenement held by a Santos–
Central joint venture, with Santos as operator.

The Orange gas prospect is geologically very similar 
to the Dingo gas field. The Orange anticlinal structure is 
separated by the Orange Creek Syncline from the Dingo 
structure, which hosts the Dingo gas field to the south-
southeast (Warris 1996). The structure is not particularly 
well imaged on limited seismic data (Prefontaine 1984, 
Marsden et al l985), but it is large, with an areal closure 
of 22 km by 8 km, and a vertical closure of 275 m (Weste 
1990). The unnamed petroleum system that resulted in the 
charge in the prospect is poorly defined and is one of a 
number of possible middle Cryogenian–early Cambrian 
systems that could be present in the basin (see above). 
The main potential reservoirs are the Neoproterozoic–
early Cambrian Arumbera Sandstone, particularly the 
basal (A1) unit, and the underlying Neoproterozoic Julie 
Formation. Pertatataka Formation source rocks have been 
geochemically matched to the gas resource at the Orange 
gas prospect using isotope geochemistry (C Boreham, 
Geoscience Australia in Ambrose et al 2010), but it is also 
possible that the older Aralka and Bitter Springs formations 
might have supplied some hydrocarbons. Potential 
top seals include intraformational shale in the middle 
Arumbera Sandstone and the Pertatataka Formation, 
the latter being of regional extent. Marsden et al (l985) 
reported the porosity of the ‘Al’ reservoir sandstone to be 
poor to occasionally fair, and this presumably accounts 
for the uneconomic rate of gas flow. Fracture stimulation 
may improve the reservoir flow rates. Porosity in the Julie 
Formation is patchy and poor. Weste (1990) speculated that 
porosity was lower at Orange than at Dingo because it is 
located further basinward from the Central Ridge, and the 
porosity-enhancing processes of shoaling and exposure 
were therefore not operating. No gas reserve numbers 
have been allocated to this prospect.

West Walker-1 gas prospect

The West Walker-1 gas prospect is located about 210 km 
west-southwest of Alice Springs and approximately 30 km 
east-southeast of the Mereenie oil and gas field. The 
prospect was discovered in 1982, when Pancontinental 
Petroleum drilled West Walker-1 to test a small Pacoota 
Sandstone fault-bounded culmination at the western end 
of the plunging nose of the West Walker Creek Anticline 
(Gorter et al 1982, Roe 1991), which is en echelon to, and 
to the southeast of the Mereenie Anticline. The targeted 
culmination was not obvious on time-structure maps, but 
depth conversions indicated that the Pacoota Sandstone had 
60 m of vertical closure and 3.5 km2 of horizontal closure, 
en echelon to the main anticlinal axis (Schroder and Gorter 
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1984). The drillhole encountered a gas flow of 0.6 mmscfd 
in a DST from the upper Pacoota Sandstone, and there 
was also a very minor gas show in the lower Stairway 
Sandstone and minor gas shows in the underlying late 
Cambrian Goyder Formation. No gas reserve numbers have 
been allocated to the prospect. The area surrounding West 
Walker-1 is currently under application for a petroleum 
exploration permit by Trident Energy Ltd.

West Walker-1 forms part of the Ordovician Lower 
Larapinta Group Total Petroleum System. The gas flow was 
from the uppermost P1 interval of the Pacoota Sandstone 
(Huckaba 1970, Kurylowicz et al 1976), which equates 
to sequence 4 of Shergold et al (1991). It is particularly 
significant that the source Horn Valley Siltstone forms a 
seal at this location, which is not the case in the Mereenie or 
Palm Valley fields. Log analyses suggest that the maximum 
porosity reached in the target Pacoota Sandstone reservoir 
is 10%, but is generally less than 5%, with relatively 
low permeability (Gorter et al 1982); however, fracture 
stimulation might improve reservoir flow rates. The lower 
Stairway Sandstone and Pacoota Sandstone below the target 
reservoir are both tight. 

proSpectIvIty

The Neoproterozoic–Ordovician succession of 
the Amadeus Basin is very prospective for both 
conventional and unconventional petroleum. The 
basin has organically rich source rocks, reservoirs 
with effective vertical seals at various stratigraphic 
levels, and a wide variety of potential stratigraphic and 
structural traps. Several petroleum systems have been 
identified, but only the Ordovician Lower Larapinta 
Group Total Petroleum System has yielded commercial 
volumes of hydrocarbons to date. Ordovician rocks 
remain the primary exploration targets, but there is 
also good potential for economic petroleum in the 
Neoproterozoic–Cambrian succession. 

For details of various untested leads and prospects 
within the basin, see Ozimic et al (1986), Weste (1989a, 
1990, 1994), Roe (1991), Marshall (2004), Warburton et al 
(2005), Young and Ambrose (2007), Ambrose (2006a, 
2011a), Sayers et al (2012b), Bradshaw and Sayers (2012), 
Palmer and Ambrose (2012) and Central Petroleum (2013d).

conventional petroleum

Figures 79 and 80 summarise the range of potential 
conventional play types recognised within the Amadeus 
Basin. The most successful plays to date have been four-
way dip, closed overthrust anticlines (Mereenie field, 
West Walker prospect) and four-way dip closed anticlines 
(Palm Valley and Surprise fields, Dingo prospect). Late 
Neoproterozoic and Ordovician sections are productive 
in these structures. The Mereenie and Palm Valley 
structures are filled to spill and these fields occur in a 
highly structured terrane (north of the Central Ridge) 
that predates hydrocarbon migration, suggesting that 
that there is considerable potential for further moderate-
sized oil and wet gas fields in Pacoota and Stairway 
sandstone reservoirs in this part of the basin. Based on 
drilling success rates in the basin so far, Ambrose (2011a) 
concluded that nearly all four-way dip closures within the 
basin are likely to be charged with hydrocarbons at any 
one of a number of stratigraphic levels, where they occur 
in reasonable proximity to source kitchens. Over sixty 
untested anticlinal structures have been recognised within 
the basin from regional aeromagnetic data (Ambrose 
2006a). Three-way dip/fault traps are also very common 
within the basin and are prospective (Central Petroleum 
2010b). Most of the Ordovician structural plays occur to 
the north of the Central Ridge, and there is considerable 
remaining petroleum potential in this area. Neoproterozoic 
structural closures are valid targets over most of the basin, 
and the relatively shallow depths of some prospects reflect 
basin unroofing over wide areas. If reservoir facies have 
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Figure 80. Summary of conventional play types in the Amadeus Basin (after Ambrose 2011a).

pinched out or deteriorated across structural highs, such 
as the Central Ridge, there is also a possibility for untested 
down-flank stratigraphic traps to be present (Warburton 
et al 2005).

Top-sealed structures are likely to be most effective 
in trapping and retaining hydrocarbons. Fault-dependent 
traps may or may not be viable, with the most important 
criteria for an effective seal being the size and geometry of 
the fault, the relative juxtaposition of reservoir against seal 
across fault planes, and whether or not the fault plane has 
been invaded by diapiric evaporite material (Warburton 
et al 2005). Thrust-related plays could involve traps in 
either the hangingwall or footwall (Ambrose 2011a). 

There are numerous examples of salt-related 
hydrocarbon plays within the basin. The role of 
halotectonics in the development of the basin has been 
discussed in a number of studies, as summarised in 
Dyson and Marshall (2007), Marshall and Dyson (2007) 
and Marshall and Wiltshire (2007). These studies show 
that the basin has experienced multiple episodes of 
deformation (both tectonic and halokinetic), spanning 
some 800 million years, and both the Gillen and Chandler 
salt successions have undergone extensive halokinesis, 
forming a myriad of potential petroleum traps. As well 
as providing very effective vertical seals, evaporites are 
involved in a range of other stratigraphic/structural plays, 
including those related to salt-diapir margin truncation 

and onlap halos, and thrust faults. Salt also forms the cores 
of some prospective four-way dip anticlines and may have 
been actively involved in the formation of these structures 
(eg see Do Rozario 1991).

Helium

Reservoirs in the Gillen-Heavitree(?) petroleum system 
(fractured Neoproterozoic Heavitree/Dean quartzites and/
or possibly fractured crystalline basement rocks regionally 
sealed by Gillen Member shale and salt) may be prospective 
for helium as well as gas/condensate over large areas in 
the south of the basin (Young and Ambrose 2007, Palmer 
and Ambrose 2012). In 1992, drillhole Magee-1 tested this 
system and flowed sub-commercial quantities of gas with 
a helium content of 6.2% to surface (Wakelin-King and 
Austin 1992). Lower percentages of helium also occur in 
the Pioneer Sandstone in Ooraminna-2 (0.22% He) and the 
Pacoota Sandstone at the Palm Valley gas field (0.15% He; 
Ambrose 2011a, Palmer and Ambrose 2012). The source of 
the helium is probably radiogenic basement that underlies 
the Heavitree/Dean quartzites. Basement source rocks, 
reservoirs and salt seals are all regionally very extensive, 
and the area of potential helium plays therefore covers 
large portions of the basin, particularly in the south. 

The main exploration target for gas/helium is currently the 
Mount Kitty prospect in the central-southern portion of the 
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basin, about 230 km southwest of Alice Springs (Figure 55a). 
The Mount Kitty Structure (Figures 81, 82), described in 
Palmer and Ambrose (2012), consists of a large basement high, 
generated during the Petermann Ranges Orogeny, that was 
accompanied by imbricate, basement-involved thrusts. Thick 
pillows of Gillen Member salt occur within the cores of the 
thrust sheets. Uplift and peneplanation of the Neoproterozoic 
strata occurred at the end of the orogeny, resulting in a basal 
Cambrian unconformity, above which is a relatively undisturbed 
Palaeozoic succession with Chandler Formation salt sometimes 
developed at the base. Reservoirs within the structure at Mount 
Kitty, if filled to spill, would cover an area of 229 km2 and could 
host nearly 3000 Bscf of gas/helium resource-in-place, with 
the P50 unrisked in-place-gas/helium resource estimated to be 
1400 Bscf (Palmer and Ambrose 2012). Most production would 
be expected to be from fractures in the Heavitree Quartzite, 
which, if gas saturated, would be targeted by horizontal drilling 
with possible fracture stimulation to maximise flow.

unconventional petroleum

In the Amadeus Basin, unconventional petroleum 
resources could possibly include shale oil, oil sand, 
shale gas and tight gas. A number of formations have 
unconventional petroleum potential within the basin and 
the following are the most prospective units (Ambrose 
2011a, b, Warner 2012):

•	 lower Larapinta Group units (Ordovician)
	shale within lower and middle Stairway Sandstone
	Horn Valley Siltstone
	shale within Pacoota Sandstone.

•	 Cambrian units
	upper Shannon Formation (middle–late Cambrian)
	basal shale of Giles Creek Dolostone (middle 

Cambrian).

Figure 81. Seismic dip line CMK06-08 across Mount Kitty Prospect (after Palmer and Ambrose 2012), with annotations of mapped 
horizons and faults (green – top Heavitree Quartzite).
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Figure 82. Diagrammatical representation of thrust-belt helium/gas play at Mount Kitty (after Palmer and Ambrose 2012).
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•	 Neoproterozoic units
	Pertatataka Formation
	Aralka Formation
	Gillen Member of Bitter Springs Formation.

lower Larapinta Group

Most attention has been focused on the Ordovician 
(Larapinta Group) units, in particular the Horn Valley 
Siltstone, that together comprise the proven and productive 
Lower Larapinta Group Total Petroleum System. DSWPET 
(2011a) and Warner (2012) have provided assessments of 
the unconventional plays in this group and these reports 
concluded that the Horn Valley Siltstone was prospective 
for shale gas and shale oil, and that the Pacoota and 
Stairway sandstones were both prospective for tight gas 
(Figure 72). The total Mean Prospective Resources for 
these plays were estimated at 26 200 Bscf (27 784 PJ) of 
gas (table 1) and 1140 mmbbl of oil (table 2) by DSWPET 
(2011a).

Oil and gas shows in wells that penetrate the Horn Valley 
Siltstone are consistent with the presence of a continuous gas 
accumulation with an adjacent continuous oil rim (Warner 
2012). As the Horn Valley Siltstone is an excellent source rock 
but has poor permeability, a large proportion of the generated 
hydrocarbons would be expected to remain resident in the 
formation, and the liquid content would therefore reflect the 
thermal maturity. Tiem et al (2011) investigated the shale gas 
potential of samples from the formation, which was assessed 
as having good potential, because of a high TOC, moderate 
PI and a relatively high TMax. Ambrose (2007) noted that 
shale gas would be expected to occur in primary porosity 
and fractures and as adsorbed gas in kerogens, and that a 
proportion of the potential gas resource may be accessible by 
drilling fracture zones, fracture stimulation and/or horizontal 
drilling techniques. The area of the play fairway for Horn 
Valley Siltstone shale gas was estimated by DSWPET (2011a) 
to be about 7400 km2, and for shale oil about 7030 km2 (see 
also Figure 64). However, although large continuous play 
areas are possible, it is unlikely that the majority will be 
commercial and Warner (2012) considered that production 
is more likely to occur where ‘sweet spots’ exist, such as 
the vicinity of the Mereenie field. There is insufficient data 
available at this stage to determine where these ‘sweet spots’ 
might exist over much of the play fairway. From maturation 
indices and other data, DSWPET (2011a) calculated the 
probabilistic, unrisked Prospective Recoverable Resource 
of continuous gas within the Horn Valley Siltstone to 
range from a P90 estimate of 2600 Bscf (2757 PJ) to a P10 
estimate of 23 800 Bscf (25 239 PJ), with a Mean estimate of 
11 300 Bscf (11983 PJ, table 1). The corresponding estimates 
for continuous oil within the unit were 207 mmbbl (P90) to 
2500 mmbbl (P10), with a Mean of 1140 mmbbl (table 2). 
An alternative Best Estimate Recoverable Resource figure of 
16 000 Bscf (16 967 PJ) has also been calculated for the Horn 
Valley Siltstone shale gas play by Rawsthorn (2013, table 5).

Ambrose (2007) suggested that the Pacoota and Stairway 
sandstones could both have unconventional petroleum 
potential in out-of-closure resources, categorised as 
‘indirect’ basin-centred gas, formed by the transformation 
of original oil into gas at VR equiv values of 1.35–1.75%. 

The shale-dominated middle Stairway Sandstone in 
particular might have very good potential as a source rock 
and for unconventional gas (Ambrose 2010). Like the Horn 
Valley Siltstone, this interval has a wide regional extent and 
resides in the oil and gas thermogenic maturity windows 
over very large areas. Warner (2012) noted that the presence 
of moveable water legs below the discovered hydrocarbon 
pools in Larapinta Group reservoirs indicates that all wells 
to date have penetrated conventional accumulations, but 
also concluded that there is potential for continuous gas 
in tight rocks in deeper, more thermally mature parts of 
the basin, such as the Missionary Plain Trough. However, 
given that the permeability of both these reservoir units 
is very variable and ranges from poor to good, it is also 
possible that significant unconventional accumulations 
might be present in non-basinal areas and even within 
existing conventional fields. For example, Ambrose (2010) 
noted that East Mereenie-4 flowed 76 mmscfd from the 
shale-dominated middle Stairway Sandstone, and that a 
lesser flow of 44 mmscfd was obtained from a thin silty 
sandstone below this zone. He speculated that the upper 
Stairway Sandstone below the regional Stokes Siltstone seal 
could also represent a tight gas zone, although the potential 
of this stratigraphic interval is yet to be properly assessed. 
If this is so, it is possible that the entire interval from the 
base of the Stokes Siltstone seal to the gas–oil contact at 
Mereenie could be a tight gas column, and that the tight 
gas / shale gas potential of the Mereenie field may have 
been underestimated. For example, the gross gas column 
thickness in East Mereenie-4 might be as much as 489 m, 
as compared to the thickness noted in the well completion 
report of only 170 m (Benbow and Lawson 1969). 

DSWPET (2011a) estimated the area of the continuous 
gas fairway for both the Stairway and Pacoota sandstones 
to be about 3440 km2, and calculated Mean Prospective 
Resources of 5100 Bscf (5408 PJ) for the Stairway 
Sandstone and 9800 Bscf (10 392 PJ) for the Pacoota 
Sandstone (table 1). Warner (2012) suggested that 
sandstones in both units would generally have been 
effective migration conduits away from source pods, 
until diagenetic permeability reduction, coincident with 
the onset of the gas generation phase, prevented further 
migration; and predicted that there would therefore be 
no continuous oil accumulations in these units. However, 
stratigraphic drillhole BMR AP1, which was drilled 
in 1963 to look at phosphate in the Stairway Sandstone 
(Cook (1972), encountered 40 m of tight sandstone that 
fluoresced sporadically, including a 3 m-thick oil-saturated 
interval, demonstrating that there is some potential for 
unconventional oil accumulations, at least in this unit. 

Cambrian units

Cambrian units with some unconventional petroleum 
potential include basal shale of the middle Cambrian Giles 
Creek Dolostone and shale in the middle–late Cambrian 
upper Shannon Formation. Neither unit is particularly well 
studied for their petroleum potential, largely due to most 
drillholes penetrating these sections having been air drilled 
(Ambrose 2011b). These units correlate respectively with the 
Arthur Creek and Arrinthrunga formations of the southern 
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part of the Georgina Basin, both of which are prolific source 
rocks (particularly the former). Direct correlatives also 
occur in other basins in central Australia (eg Officer Basin), 
suggesting that the palaeo-climatic/geological conditions 
that resulted in this interval may have been widespread in 
the middle–late Cambrian (Ambrose 2011b).

Shale in the basal Giles Creek Dolostone tends to have 
sheet-like lateral continuity and extends over a large area 
in the northern part of the basin, north of the Central Ridge 
and west to at least as far as the Waterhouse Anticline, and 
possibly further to the west. Tiem et al (2011) investigated 
the shale gas potential of two samples from this interval 
from Dingo-1, and recorded low TOCs, high PIs and a wide 
range of TMax values, which, in combination, indicated 
that the samples were overmature with relatively low 
shale gas potential. However, a significant gas show of 
200 units was recorded from 30 m of carbonaceous dark 
grey / black shale in Orange-1, and similar black shale has 
also been recorded from other wells, including Highway-1 
and Hermansberg-41 (Ambrose 2011b). Although TOC in 
the formation is generally low (see Source rock units), 
localised pockets with higher TOC up to 3% have been 
recorded (Bradshaw 1991). Areas defined by Ambrose 
(2011b) as being most prospective for unconventional shale 
gas include the Ooraminna Sub-basin and Missionary 
Plains Trough (Figure 52). In the latter area, Ambrose 
considered that the relatively deeply buried shale could 
have reached temperatures and pressures that were high 
enough to transfer adsorbed gas on kerogen into free gas in 
microporosity, with a consequently greater chance of over-
pressuring that would favour higher production rates. 

Shale in the upper Shannon Formation constitutes 
a relatively high-risk unconventional play that has been 
poorly assessed to date (Ambrose 2011b). Carbonaceous 
shale has been recorded in cuttings from this interval in 
two drillholes, Orange-1 and Alice-1. In Orange-1, the 
shale caps upward-fining parasequences, 5–10 m thick, 
and one of these shales was probably responsible for a gas 
show of 60 units. In Alice-1, wireline logs indicate that a 
total thickness of about 20 m of shale might be present. The 
unconventional potential of this formation is difficult to 
assess, but Ambrose (2011b) considered it to be prospective 
over least the same area as that for the Giles Creek Dolostone.

Neoproterozoic units

Ambrose (2011b) considered the lower Gillen Member 
(Bitter Springs Formation), which is an interval of thick 
black shale, to have promising unconventional potential as 
a Neoproterozoic shale gas target in the basin, but there has 
been little exploration at this stratigraphic level to date. The 
source rock quality of this interval varies from fair to good 
(see Source rock units), and is best in the south of the basin, 
where the member is in the oil/gas window at shallow depths 
over wide areas as a result of episodic basin unroofing. The 
member has produced hydrocarbons and helium in Magee-1 
in this part of the basin (Wakelin-King and Austin 1992), 
confirming its potential. A ubiquitous, massive top salt seal 
(middle Gillen Member) significantly improves this play on 
a regional scale. The petroleum potential of the unit is less 
in the north of the basin, where the member has generally 

lower TOCs, and ranges from overmature in deeply buried 
basinal areas to immature in palaeohighs.

The Aralka Formation is extensive over much of the 
basin, but is much thicker in the northeast (ca 1000 m) 
than in the south (20–50 m). In most drillholes where this 
formation has been intersected, samples have yielded the 
highest retained TOCs of any Neoproterozoic source rock, 
particularly in the south, where values of up to 3.5% have 
been recorded (see Source rock units). The formation is 
generally regarded as having potential for generating gas 
with some oil, and maturities range from immature to early 
gas mature (Marshall 2004, Ambrose 2011b). Although 
there have been no good shows associated with the Aralka 
Formation to date, it is considered to be a good source rock 
and a promising unconventional target over widespread areas 
of the basin (Ambrose 2011b).

The Pertatataka Formation is a fine-grained clastic unit 
that is geographically widespread throughout much of the 
basin. Although TOCs are low in most areas (probably due 
to maturation loss), the unit is a significant proven gas-prone 
source rock in the northern part of the basin (Dingo gas 
field, Orange gas prospect), and also has some oil-generative 
potential (eg at Ooraminna-1, Wallara-1, BRD05-DD01; see 
Source rock units). The unconventional potential of this 
formation is untested, but its wide geographic extent, coupled 
with its proven ability to generate hydrocarbons, makes it an 
attractive target for shale gas over large areas of the basin. 
However, a general dearth of oil shows downgrades its 
prospectivity for shale oil.

 
nGALIA BASIn

IntroductIon

The Ngalia Basin is an east–west-trending elongate 
structural basin over 500 km in length and up to about 
90 km wide, centred approximately 300 km northwest 
of Alice Springs (Figure 83), and also continuing for a 
short distance westward into WA. The basin contains a 
Neoproterozoic to Carboniferous sedimentary succession 
up to 5 km thick, and overlies the Palaeoproterozoic 
Aileron Province of the Arunta Region. It is interpreted 
to have been contiguous with the contemporary Amadeus 
Basin to the south for much of their histories. Seismic 
data indicates that the basin is an asymmetrical synformal 
structure that preserves a much thicker succession on its 
northern margin, marked by north-dipping thrusts and 
high-angle reverse faults. The southern margin is a gently 
north-dipping (basinward), basement–cover interface, 
disrupted by complex faulting.

At approximately 16 000 km2, the Ngalia Basin is 
the smallest remnant in the NT of the ca 2 million km2 
Neoproterozoic Centralian A Superbasin of Walter et al 
(1995). The Ngalia Basin is also part of the Cambrian–
Ordovician Centralian B Superbasin that extended from 
the Bonaparte Basin in the northern NT via a number of 
interlinked basins in central Australia to the Warburton 
Basin in northern SA.

The present-day architecture of the basin is largely the 
result of the ASO. Earlier effects of this event involved 
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the exhumation of basement, which became a major 
provenance for the youngest succession. The subsequent 
peak of deformation (Eclipse Event) terminated deposition 
in the basin, and initiated major structures such as the 
Yuendumu and Waite Creek thrusts and associated thrust-
related folding (Young et al 1995, Shaw 1994). 

Wells and Moss (1983) reported that unconformities 
in the Ngalia Basin succession record nine alternating 
periods of sedimentation and diastrophism. The maximum 
reported thicknesses of sedimentary rocks in the Ngalia 
Basin are about 3200 m for the Neoproterozoic, 800 m 
for the Cambrian, 300 m for the Ordovician and 3100 m 
for the Devonian–Carboniferous (Wells and Moss 1983). 
A complete section is not preserved at any one location. 
Exposures of Ngalia Basin sedimentary rocks are largely 
confined to narrow zones along the northern and southern 
margins; the rest is obscured by Cenozoic sediments and 
surficial deposits (Figure 84). 

Key publications on the petroleum geology of the basin 
include Wells et al (1968), Wells (1976), Benbow et al 
(1983),Wells and Moss (1983), Questa (1989a), Deckelman 
and Davidson (1993), Walter et al (1995), Young et al 
(1995), Lipski (2001), Haines et al (2001), Lindsay (2002), 
Schmid et al (2012) and Edgoose (2013b). 

Summary of StratIgraphIc SucceSSIon

The four sequence stratigraphic intervals, Supersequences 
1–4, recognised within the Centralian A Superbasin 
succession by Walter et al (1995) and later workers are 
also recognised within the Ngalia Basin succession. These 
supersequences are separated by major unconformities 
and are Neoproterozoic to early Cambrian in age. The 

basin succession also contains an overlying Palaeozoic 
succession ranging from Cambrian to Carboniferous 
(Figure 85).

neoproterozoic

Supersequence 1

The Vaughan Springs Quartzite (Figure 86a, b) consists 
mainly of quartz sandstone and local basal pebble 
conglomerate and iron-stained feldspathic conglomerate. 
Wells and Moss (1983) measured a maximum thickness of 
over 2500 m. In the north-central and northwestern parts of the 
basin, the Vaughan Springs Quartzite has been divided into 
three members: the Bigrlyi, Treuer and Eva Springs members 
(Young et al 1995). Wells and Moss (1983) and Walter and 
Veevers (2000) concluded that the Vaughan Springs Quartzite 
represents initial sedimentation in an alluvial fan, and that 
this was followed by intertidal and shallow-marine deposits 
that record (in common with the Heavitree Quartzite) two 
(or possibly three) transgressions. The Treuer Member 
(Young et al 1995, Wells and Moss 1983) may represent 
partially restricted conditions of sedimentation. The Albinia 
Formation may be up to 500 m thick and consists of thinly 
interbedded mudstone, dolomitic mudstone and shale, and 
ovoid dolomitic nodules are a characteristic feature. Two taxa 
of microfossils were identified from samples of chert (Walter 
and Cloud in Wells and Moss 1983), and similar assemblages 
occur in present-day intertidal to supratidal cyanobacterial 
mats, indicating that the Albinia Formation was deposited in 
the tidal zone of a shallow epicontinental sea, on a shallow, 
low-energy marine shelf with very restricted circulation for 
long periods of time.
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Supersequence 2

Supersequence 2 is represented in the Ngalia Basin by the 
Naburula Formation and Rinkabeena Shale, which equate 
with the Areyonga and Aralka formations, respectively, of 
the Amadeus Basin. 

The Naburula Formation has a known thickness of 
8 m and consists of mudstone, shale and minor siltstone, 
interbeds of dolostone, and a basal diamictite with erratics 
up to 1 m across. A thin band of weathered, green-grey, 
laminated dolomudstone forms a marker bed at the top of 
the formation. Wells and Moss (1983) considered that the 
Naburula Formation represents the earlier (Sturtian) of 
the two well documented and widely distributed glacial 
episodes recognised in the Neoproterozoic of Australia. The 
Rinkabeena Shale is 450 m thick and consists of distinctive 
green and grey-green, thinly bedded, partly micaceous 
shale and minor siltstone (Figure 87), and local thin beds of 
pale dolomitic shale. It was probably deposited in a shallow-
marine environment (Wells and Moss 1983).

Supersequence 3

The Mount Doreen Formation may be up to 350 m thick 
and consists predominantly of diamictite, with subordinate 
dolostone and shale. It comprises three conformable members 
that correspond to the three major lithologies; in ascending 

stratigraphic order, these are: the Mount Davenport Diamictite 
Member, Wanapi Dolostone Member and Newhaven Shale 
Member. The Mount Davenport Diamictite Member is 77 m 
thick, the diamictite is green to red-brown and maroon, and 
contains pebble-, cobble- and rare boulder-sized, commonly 
striated erratics. The Wanapi Dolostone Member is a thin 
(3–4 m) unit and typically consists of pink finely laminated 
dolomudstone. This member represents the ‘cap dolostone’, 
common to many Neoproterozoic Elatina glacial deposits 
in Australia (Preiss et al 1978, Wells and Moss 1983). The 
Newhaven Shale Member is about 20 m thick and consists 
mainly of thinly bedded, red to purple-red shale. The shale 
probably represents deepening water conditions at the end of 
the glacial cycle.

neoproterozoic–early cambrian

Supersequence 4

The Yuendumu Sandstone comprises silty sandstone that 
is in part arkosic and micaceous, particularly in its lower 
parts. The unit is over 700 m thick and has been assigned a  
Neoproterozoic to early Cambrian age, on the basis of both 
trace fossils (Walter in Wells and Moss 1983) and by using 
palaeomagnetic polarity (Burek et al 1979). A possible 
unconformity in the middle of the unit might reflect a 
rapid transition to shallow-marine conditions, which are 
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indicated by the presence of trace fossils, in the upper part 
of the formation. 

cambrian

The Walbiri Dolostone has a maximum thickness of over 
1000 m (Lipski 1998) and consists of interbedded fossiliferous 
shale; dolomitic mudstone; dolomitic, feldspathic and 
micaceous sandstone; oolitic and glauconitic dolostone; 

and oolitic, fossiliferous and intraclastic dolostone; with 
minor interbeds of stromatolitic dolostone, and subordinate 
mudstone and sandstone. The dominance of carbonate 
rocks, the presence of glauconite in the dolostone and the 
fossil assemblages indicate a shallow-marine depositional 
environment throughout, and the fossils indicate a probable 
Cambrian age. The recessive Bloodwood Formation has a 
maximum thickness of about 270 m (Wells and Moss1983) 
and consists of sparsely fossiliferous mudstone and minor 
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Figure 86. (a) Flat-lying to shallowly dipping Vaughan Springs 
Quartzite (scarps) overlying basement of Arunta Region granite 
and metasedimentary rocks (lower slopes) at Mount Cockburn and 
Mount Stanley, southwestern part of Ngalia Basin. (b) Fractured 
and brecciated Vaughan Springs Quartzite near Bigrlyi, Treuer 
Range, northern part of Ngalia Basin.

a

b

Figure 87. Fissile grey-green shale of Rinkabeena Shale overlain 
by glacial erratics derived from Mount Doreen Formation, 
Naburula Hills region (after Young et al 1995).
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thinly bedded sandstone, with fossils indicative of an early 
Cambrian age. The fossil fauna suggests that deposition of 
the Bloodwood Formation took place under shallow-marine 
to intertidal conditions, with the presence of red bed-facies 
sedimentary rocks suggesting that the environment was 
subaerial at times.

ordovician 

The Djagamara Formation has an estimated thickness of up 
to 320 m and consists of thinly to thickly bedded sandstone, 
with minor interbeds of siltstone. Sedimentary structures 
and the presence of glauconite indicate deposition in a 
shallow-marine environment, with occasional strong 
current action. Glauconite is normally associated with slow 
sedimentation in partly restricted environments. 

?ordovician–?devonian 

The Kerridy Sandstone is 703 m thick and dominated by 
arkosic and micaceous sandstone, with abundant soft-
sediment deformation structures, and minor mudstone 
interbedded with the sandstone. A fluvial to deltaic 
origin is considered likely, on the basis of lithology and 
sedimentary structures. The arkosic nature of the sandstone 
and the presence of detrital muscovite indicate a basement 
provenance for this unit. The age of the Kerridy Sandstone 
is poorly constrained between the Ordovician Djagamara 
Formation and the Carboniferous Mount Eclipse Sandstone.

Late devonian–carboniferous

The Mount Eclipse Sandstone (Figure 88a, b) has a 
maximum thickness of more than 3000 m (Deckelman 
and Davidson 1993), and uranium mineralisation is hosted 
by the unit at various locations. The formation consists of 
arkosic sandstone; lesser subgreywacke; minor cobble and 
pebble conglomerate; and rare thin lenses of dolomudstone, 
siltstone and shale, with conglomerate lenses near the base. 
Significant carbonaceous material has been described 

in both sandstone and finer clastic sedimentary rocks (eg 
Wells and Moss 1983), and in drill cuttings (eg Spark 1975). 
However, subsequent work on the Mount Eclipse Sandstone 
in the Bigrlyi area (Schmid et al 2012) did not identify any 
carbonaceous material. The Mount Eclipse Sandstone was 
deposited in a foreland basin setting, related to the later 
phases of the ASO in a continental (fluvial and piedmont) 
environment, and was largely sourced from an emerging 
hinterland of Palaeoproterozoic Aileron Province, but it 
probably also includes detritus derived from exposures of 
older Ngalia Basin units. Late Devonian to Carboniferous 
fossils have been identified in the Mount Eclipse Sandstone 
(White in Wells and Moss 1983, Li et al 1989, 1991, LM 
Truswell, pers comm 1993 in Young et al 1995). 

Structure and tectonIc hIStory

The Ngalia Basin is a structural remnant of the much more 
extensive, polyphase, Neoproterozoic–early Palaeozoic 
Centralian Superbasin. It is essentially a deformed, 
asymmetrical, synclinal intracratonic depression, with a 
thicker preserved succession in the north. The northern 
margin of the basin is marked by north-dipping, low-angle 
thrust faults and high-angle reverse faults, whereas the 
southern margin, although disrupted by complex faulting, 
is much less deformed, and is an unconformable contact 
between a thin section of gently north-dipping sedimentary 
rocks and mainly crystalline basement rocks of the Aileron 
Province of the Arunta Region (Wells and Moss 1983, 
Figure 89). The western margin of the basin is truncated by 
an overthrust, whereas the eastern basin margin is poorly 
defined with a veneer of Cenozoic sediments covering the 
Ngalia Basin succession, although it also appears to be 
fault controlled. Deposition in the basin was interrupted 
intermittently by regional tectonic events in the late 
Neoproterozoic, possibly related to the Petermann Orogeny, 
and during the Palaeozoic, mostly related to the ASO. 
The multiple periods of compression and extension have 
resulted in complex structuring within the basin. Wells 
and Moss (1983), Shaw (1994) and Young et al (1995a) 

Figure 88. (a) Vertical bedding in Mount Eclipse Sandstone, south of Bigrlyi, northern part of Ngalia Basin. (b) Conglomerate and pebbly 
immature sandstone in shallowly dipping Mount Eclipse Sandstone.

a b
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provided details of the various tectonic movements that 
produced unconformities and diastrophism within the basin 
succession. None of the sedimentary rocks of the Ngalia 
Basin has been regionally metamorphosed.

petroleum potentIal

Exploration history

The Ngalia Basin was intermittently explored for petroleum 
in the 1960s and 1970s, with renewed activity in the mid 
1990s by Magellan Petroleum Australia Ltd (Wells 1976, 
Wells and Moss 1983, Questa 1989a, Deckelman and 
Davidson 1993, Lipski 1998). In 2009, Tamboran Resources 
Pty Ltd applied for petroleum exploration permits over 
almost all of the basin. About 1730 line km of 2D seismic 
data is available, but only two petroleum drillholes have 
been drilled in the basin (Figure 84), neither of which 
flowed economic hydrocarbons. Davis-1 (1899 m), drilled 
by Magellan in 1981, flared gas for several hours when the 
well was being converted to mud drilling for bottom hole 
coring. The source of the gas was not conclusively identified 
by DST, but it was believed to have come from fractures 
in, or below the Mount Eclipse Sandstone (Baarda and 
Buckingham 1982). The structure targeted by Davis-1 is 
now known to lack closure at depth. Newhaven-1, drilled by 
Magellan in 1998, showed trace amounts of methane in the 
interval 1274 –1350 m (Lipski 1998). No significant fracture 
porosity was encountered, and the well was plugged and 
abandoned at a total depth of 1895 m. 

French et al (1979) and the well completion report for 
Davis-1 (Baarda and Buckingham 1982) described an 
AFMECO Pty Ltd cored uranium exploration drillhole, 
DDH-DAV-1, which was drilled in 1978 to 904.6 m. It 
was positioned on the crest of a topographic (and possibly 
structural) feature called the Davis Dome, about 1.85 km 
southwest of Davis-1. After casing was cemented at 300 m, 
drilling problems in fractured formation were accompanied 
by the escape of dissolved gas from the water at about 
350 m. The only formation open at the time of the gas 
flow was the Mount Eclipse Sandstone; thus, the gas had 
to be from that formation (Baarda and Buckingham 1982, 
Dunster 2009). The only other hydrocarbon show reported 
from the basin was from drillhole BMR Napperby-5, 
where ‘oily slicks’ in drilling mud were reported during 
coring of the Mount Doreen Formation (Questa 1989a).

Source rockS

Effective source rocks may be present in both the 
Neoproterozoic and Palaeozoic successions of the Ngalia 
Basin. In the Neoproterozoic, the Albinia and Naburula 
formations, and Rinkabeena Shale are considered to have 
some source rock potential (Wells and Moss 1983, Questa 
1989a, Deckelman and Davidson 1993). Stromatolitic 
dolostone and foetid black shale of the Albinia Formation 
is correlated with a similar succession in the Bitter Springs 
Formation of the Amadeus Basin, which has a TOC content 
of up to 1.7%, and which has produced oil shows. However, 
to date, there has not been a detailed geochemical study of 
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the Albinia Formation. The Naburula Formation includes 
an 8 m-thick interval of black shale, outcropping on 
the northern margin of the basin, which appears to offer 
excellent source potential (Questa 1989a). Shale from cores 
from BMR Napperby-5, which were logged as Naburula 
Formation or ?Rinkabeena Shale, were considered to have 
lean to fair source rock potential, with up to 1.25% TOC 
and 221 ppm total extractable hydrocarbons (Saxby 1977, 
Wells and Moss 1983). The Rinkabeena Shale contains grey 
to black, calcareous shale with a maximum recorded TOC 
of 0.8%, and Deckelman and Davidson (1993) considered it 
to be a post-mature source for gas. They concluded that this 
formation is a proven source rock, based on the reported 
source of gas that was flared from Davis-1 being from the 
Rinkabeena Shale. However, it is likely that the source was 
the much shallower Mount Eclipse Sandstone (Dunster 
2009); the source rock potential of the formation therefore 
remains largely untested. 

Within the lower Palaeozoic succession, the Walbiri 
Dolostone and Djagamara Formation include possible source 
rocks, including dark grey siltstone and claystone. No detailed 
geochemical study of these formations has been undertaken, 
and the source potential is therefore largely unknown 
(Deckelman and Davidson 1993). Carbonaceous sandstone 
and shale of the Carboniferous Mount Eclipse Sandstone 
also have source rock potential, where they have been buried 
sufficiently deep enough for the generation of hydrocarbons, 
most likely gas. Both the gas flare from Davis-1 and a gas 
show in DDH Dav-1 were either sourced from this formation 
or possibly migrated from deeper in the sedimentary section 
(Deckelman and Davidson 1993, Dunster 2009).

Maturation and migration

Burial history reconstructions and maturation modelling 
indicate that the main phase of hydrocarbon maturation 
within the basin was probably coincident with the 
deposition of the Mount Eclipse Sandstone (Questa 1989a, 
Deckelman and Davidson 1993), and that hydrocarbons 
migrated into structures formed subsequently during 
the Eclipse Event. Neoproterozoic source rocks probably 
entered their peak oil generation phase prior to, or 
during deposition of this unit. However, peak generation 
and migration may have been reached earlier, before 
any significant structures had formed, if geothermal 
gradients were relatively high. Continued sedimentary 
loading during deposition of the Mount Eclipse Sandstone 
may have progressed the maturation process to the gas-
generation stage prior to the end of deposition within the 
basin. Early Palaeozoic source rocks would have remained 
relatively immature if geothermal gradients were low, 
but may have reached the oil window during deposition 
of the Mount Eclipse Sandstone if geothermal gradients 
were relatively high. Most potential source rocks in the 
Mount Eclipse Sandstone, except perhaps for those at 
the base of the formation, probably never reached a peak 
oil- or gas-generation phase (Deckelman and Davidson 
1993). Modelling indicates that, in the deeper parts of 
the basin, Neoproterozoic source rocks would probably 
be overmature for the preservation of oil and, therefore, 
only wet and in some places, dry gas would be expected. 

However, early Palaeozoic source rocks are likely to have 
remained within the oil window (Questa 1989a). Existing 
data suggest that the thickest successions of sedimentary 
rocks in the basin might occur within the Walbiri Fold 
Zone in the north-central area of the basin in front of the 
Yuendumu Thrust. Early Palaeozoic source rocks in the 
Bloodwood Trough in this area (Figure 89) have been 
buried to over 4000 m, the deepest of anywhere in the 
basin, and are likely to have reached peak hydrocarbon 
generation conditions during the ASO (Lipski 2001). 

reServoIrS and SealS

Potential reservoirs are present at a number of levels 
within the Ngalia Basin succession, including the Vaughan 
Springs Quartzite, Yuendumu Sandstone, Walbiri 
Dolostone, Bloodwood Formation, Djagamara Formation, 
Kerridy Sandstone and Mount Eclipse Sandstone (Wells 
and Moss 1983, Benbow et al 1983, Questa 1989a, 
Deckelman and Davidson 1993). Reservoir rocks, where 
observed in outcrop and from limited subsurface drilling, 
are generally of relatively low porosity and permeability 
(Questa 1989a, Lipski 2001). However, it should be taken 
into account that exploration wells are, to date, few, and 
are yet to penetrate the entire basin succession. Deckelman 
and Davidson (1993) considered the best conventional 
reservoir potential to be in the Yuendumu Sandstone, 
with the Kerridy Sandstone and Mount Eclipse Sandstone 
having some potential locally. Reservoir quality may be 
best in areas south of major thrust zones along the northern 
margin, where tectonism may have reduced porosity, 
and fracture porosity might be significant in improving 
reservoir quality in parts of the succession that have 
experienced silicification, particularly in the Proterozoic 
section (Questa 1989a). 

Most potential reservoir units within the basin either 
underlie effective sealing strata or contain intraformational 
seals (Questa 1989a). The best potential seals are likely 
to be in the Rinkabeena Shale, the Walbiri Dolostone, 
and impermeable shale and siltstone of the Bloodwood 
Formation. The thick Rinkabeena Shale should provide an 
effective seal for hydrocarbons reservoired in the Vaughan 
Springs Quartzite, whereas the Walbiri Dolostone and 
Bloodwood Formation are potential seals for hydrocarbons 
reservoired in the Yuendumu Sandstone (Deckelman and 
Davidson 1993).  

proSpectIvIty

The Ngalia Basin is generally underexplored for 
hydrocarbons, and its potential for both conventional and 
unconventional petroleum is largely speculative. There are 
only two petroleum wells, few seismic surveys, and very 
sparse geological data available (particularly on source 
rocks). However, the Mereenie / Palm Valley to Darwin gas 
pipeline crosses the eastern margin of the basin, enabling 
even small discoveries to be commercially viable. The 
Ngalia Basin is a structural and depositional analogue 
of the oil- and gas-bearing Amadeus Basin to the south, 
although the sedimentary succession is less complete 
and more condensed. Prospective sedimentary intervals 
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occur at a number of levels from the Neoproterozoic to 
the Carboniferous but, although there is some evidence 
for hydrocarbon generation within the basin (see above), 
no viable petroleum systems have yet been identified. The 
main phase of hydrocarbon migration would have most 
likely been at the time of deposition of the Mount Eclipse 
Sandstone. This unit was deposited coincident with the 
Eclipse Event of the ASO, which effectively gave the 
basin its present structural configuration, with structuring 
probably occurring early enough to trap migrating 
hydrocarbons (Questa 1989a). 

Conceptual modelling and seismic interpretation 
have defined a number of as-yet-untested hydrocarbon 
prospects in anticlines or structural highs (Deckelman and 
Davidson 1993), which appear to be common within the 
basin. Numerous surface- and seismic-defined anticlinal 
features occur within the Walbiri Fold Zone in the north-
central basin area in front of the Yuendumu Thrust (see 
Figure 89). However, additional seismic data would 
be required to better delineate many of these features 
prior to drilling (Questa 1989a). Large faulted anticlinal 
structures have also been identified in this area, associated 
with the Newhaven Fault Blocks (Lipski 2001). Some of 
these features involved low-scale thrust faulting and 
some display fault-independent closure. These structures 
have not undergone the intense deformation seen on the 
northern basin margin. 

Sub-thrust features beneath the Waite Creek and 
Davis thrust nappes in the northwestern part of the basin 
present a more challenging play (Questa 1989a). The 
western and northwestern basin margins were adjacent to 
the deep depression of the Naburula Trough prior to the 
Eclipse Event (Figure 89). Potential carbonate and clastic 
reservoirs on the western margins of the basin may have 
been in a situation to attract generated hydrocarbons from 
sedimentary rocks within the trough. The subsequently 
introduced nappe complex should have provided the 
necessary sediment load to mature underlying Palaeozoic 
potential source rocks to a generative phase. In places, 
basement rocks may form part of the overthrust sheet. 
This play type is conceptual at this stage, but has been 
tested along the northern margin of the Amadeus Basin, 
without success to date.

Near the southern basin margin, any trap along 
the northerly dipping Stanley Platform would provide 
a relatively shallow drilling target (Questa 1989a). 
However, no surface anticlines have been identified along 
the platform to date, and there is currently no seismic 
coverage. A lack of stratigraphic control in this area means 
that any assessment of source and reservoir potential 
would be purely conjectural. There has always been a 
concern about accessibility to mature source rocks in this 
area, and the lack of shows in Newhaven-1 to the north 
has increased this risk. Newhaven-1 was drilled on a large 
structure in the central-southern part of the basin, and did 
not penetrate any significant source or reservoir intervals, 
thus downgrading this part of the basin. However, this 
drillhole tested a stratigraphy succession much older 
than the producing Ordovician petroleum system in the 
Amadeus Basin, and cannot be seen as a definitive test of 
the Ngalia Basin (Lipski 2001).

GEorGInA BASIn

IntroductIon

The Georgina Basin is a polyphase intracratonic basin 
containing unmetamorphosed Cryogenian to Devonian 
sedimentary rocks. It covers an area of 330 000 km2 in the 
central-eastern NT and extends into western Qld (Figure 90). 
The basin is bounded to the northeast and east by Proterozoic 
terranes of the McArthur Basin, South Nicholson Basin, 
Lawn Hill Platform and Mount Isa Province; and to the west 
by the Proterozoic Tomkinson, Warramunga and Davenport 
provinces of the Tennant Region. Neoproterozoic rocks in 
the southern Georgina Basin (see below) form part of the 
‘Centralian Superbasin’ succession of Walter et al (1995), 
which is equivalent to the Centralian A Superbasin of 
Munson et al (2013b). The Palaeozoic succession of the 
Georgina Basin is continuous with that of the Daly and 
Wiso basins, which form distinct depocentres separated 
by interpreted basement structural ridges. In the middle 
Cambrian, these interconnected basins collectively formed 
part of a vast depositional system, named the Centralian B 
Superbasin by Munson et al (2013b), that extended across 
large portions of northern, central and southern Australia. 
The northern and southeastern portions of the Georgina 
Basin are overlain by Mesozoic sedimentary rocks of the 
onshore Carpentaria and Eromanga basins, respectively.

The Georgina Basin comprises two distinct domains: 
a southern basinal depocentre (southern Georgina Basin), 
essentially south of latitude 21°S, which incorporates 
Cryogenian, Ediacaran, Cambrian, Ordovician and Devonian 
successions (Dunster et al 2007); and a central–northern, 
quiescent platform (central and northern Georgina Basin) 
north of that latitude, that includes some late Neoproterozoic 
sedimentary rocks and a relatively thin, platformal middle 
Cambrian succession. Widespread extrusive igneous 
rocks of the late early Cambrian Kalkarindji Province 
were emplaced between the Neoproterozoic and middle 
Cambrian successions in these areas.

The southern Georgina Basin is among the most 
prospective onshore areas in the NT for both conventional 
and unconventional oil and gas, but exploration is still at 
the frontier stage, with only limited seismic data available. 
Key publications on the petroleum geology of the basin 
include Draper et al (1978), Morris (1986), SIBGEO (1991a, 
b, 1992), Questa (1994), Ambrose (2000, 2002, 2011a), 
Ambrose et al (2001a, b, 2012c), Ambrose and Putnam 
(2006, 2007), Boreham and Ambrose (2007), Volk et al 
(2007), Dunster et al (2007) and references therein, Central 
Petroleum (2009a), Ryder Scott (2010), DSWPET (2011b) 
and PetroFrontier (2013a, b). Summaries of the geology of 
the basin, with lists of key publications, are in Dunster et al 
(2007), Jell (2013) and Kruse et al (2013). 

Southern Georgina Basin

The Neoproterozoic succession comprises the Plenty, 
Aroota, Keepera and Mopunga groups; and early 
Palaeozoic rocks are assigned to the Shadow, Narpa, 
Cockroach and Toko groups. Devonian strata are included 
within the Cravens Peak beds and Dulcie Sandstone. In 
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excess of 1.5 km of Neoproterozoic sedimentary rocks are 
preserved in downfaulted blocks and half-grabens along 
the southern margin of the basin in the NT. Depocentres 
and synclines contain up to 2.2 km of Cambrian to 
Devonian section.

Central and northern Georgina Basin

The northern part of the basin comprises Ediacaran rocks 
of the Kiana Group and a relatively thin, entirely middle 
Cambrian platform succession. Intervening volcanic and 
minor sedimentary rocks of the early Cambrian Helen 
Springs Volcanics are assigned to the Kalkarindji Province 
(Glass 2002, Glass and Phillips 2006). The central portion 
of the basin is divided into a western Barkly Sub-basin 
and an eastern Undilla Sub-basin (which extends into 
western Qld (Figure 91), separated by the Alexandria-
Wonarah Basement High. With minor exceptions, all 
exposed formations in the NT portion of the central basin 

region are included in the Barkly Group (Noakes and 
Traves 1954, Kruse in Kruse and Radke 2008). Both sub-
basins are floored by early middle Cambrian rocks, but 
these did not overtop the intervening basement high. The 
successions in the two sub-basins differ in detail and bear 
differing lithostratigraphic nomenclatures.

Summary of StratIgraphIc SucceSSIon

The stratigraphic succession of the Georgina Basin is 
summarised in Figures 92 and 93. 

neoproterozoic

Plenty Group

The early Cryogenian Plenty Group includes the Yackah 
beds and Amesbury Quartzite along the southern margin 
of the basin. The Plenty Group forms the distal edge of 
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a regionally widespread, southwestward-thickening, 
shallow-marine siliciclastic succession that was deposited 
on a low-relief basement surface as part of Supersequence 1 
of the Centralian A Superbasin (Walter 1980). 

The Yackah beds has a maximum thickness of about 
250 m and consists of interbedded sandstone, laminated 
shale and silicified, locally stromatolitic dolostone. 

The unit was deposited in a fluviatile to very shallow-
marine environment, which became a partially emergent 
metahaline–hypersaline lacustrine to anoxic deep marine 
environment. The Amesbury Quartzite is about 20 m 
thick, and consists of orthoquartzite and quartz sandstone. 
The depositional environment is uncertain, but probably 
fluviatile (Dunster et al 2007).
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Aroota Group

The middle Cryogenian Aroota Group contains the Yardida 
Tillite and the correlative Mount Cornish Formation. 
The group is essentially a glaciogene succession that is 
correlated (Walter 1980, Walter et al 1995) with the Sturtian 
glaciation (Preiss et al 1978).

The Yardida Tillite is approximately 650 m thick and 
consists of diamictite, laminated siltstone, and minor 
sandstone that are locally capped by dolomitic shale 
and dolostone. It was deposited in glacial and periglacial 
environments; the upper dolomitic shale–dolostone interval 
is interpreted as a postglacial cap succession (Kruse et al 
2002a). The Mount Cornish Formation reaches a maximum 
thickness of 680 m and consists of diamictite with interbeds 
of varvite and siltstone, and minor sandstone and dolostone 
(Walter 1980). The unit was deposited in glacial and 
periglacial environments (Dunster et al 2007).

Keepera Group

The Keepera Group contains late Cryogenian glaciogene 
and post-glacial units including the Black Stump Arkose, 
Oorabra Arkose, Boko Formation and Wonnadinna 
Dolostone in the NT. It is equated with glaciogene and 
post-glacial deposits related to the widespread Elatina 
(previously Marinoan) glaciation. 

The Black Stump Arkose reaches a thickness of greater 
than 700 m and consists of arkose, sandstone, laminated 
micaceous mudstone and siltstone; and the Oorabra Arkose 
consists arkose, micaceous siltstone, shale and conglomerate 
(Dunster et al 2007), and has a maximum thickness of 
1165 m (Smith 1963b, Shergold and Druce 1980). Both units 

are interpreted as glacial outwash deposits, (Freeman 1986, 
Walter et al 1995, Walter and Veevers 1997). The Boko 
Formation consists of massive diamictite with a mudstone 
matrix; it is 20 m thick at its type locality and is interpreted 
as a glacial tillite (Haines et al 1991). The Wonnadinna 
Dolostone is up to 460 m thick and consists of dolostone 
interbedded with dolomitic arkose, siltstone and shale. It was 
deposited in a range of environments, including intertidal, 
shallow-subtidal and deeper marine (Dunster et al 2007). 

Mopunga Group

Postglacial Ediacaran sediments of the Mopunga Group 
include the Gnallan-a-Gea Arkose, Elyuah Formation, 
Grant Bluff Formation, Elkera Formation, Central Mount 
Stuart Formation and Andagera Formation. The group is 
widely distributed through the southern Georgina Basin. 

The Gnallan-a-Gea Arkose has a thickness greater than 
1450 m and consists of arkose, sandstone, siltstone and shale 
(Kruse et al 2002a). The unit is interpreted as a shallow-
marine deposit with a proximal source (Dunster et al 2007). 
The Elyuah Formation consists of shale and siltstone, and 
has a maximum thickness of 210 m. The environment of 
deposition is interpreted to have been low-energy, shallow- 
to moderately deep-marine, and mainly below wave-base 
(Dunster et al 2007). The Grant Bluff Formation consists 
mainly of sandstone and quartzite (Freeman 1986). The 
formation was deposited as a transgressive sand sheet in a 
shallow- to marginal-marine depositional environment to a 
thickness of 1170 m. 

The generally recessive Elkera Formation consists of a 
succession of interbedded siltstone, sandstone and shale, 
which is capped by dolostone (Freeman 1986, Dunster et al 
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2007) and has a maximum thickness of 270 m. A peritidal 
to shallow-marine environment was interpreted for the 
formation by Dunster et al (2007). The Central Mount Stuart 
Formation consists of a basal conglomerate overlain by 
sandstone, siltstone, dolostone and minor conglomerate; it has 
a maximum thickness of 780 m and contains two members, 
in ascending order, the recessive Tops Member and the 
upland-forming Adnera Member (Haines 1990, 2004, Haines 
in Haines et al 1991). The depositonal setting for this unit 
ranges from marginal marine to deltaic and shallow-marine 
conditions. The Andagera Formation is up to 50 m thick and 
consists of conglomerate, sandstone and minor siltstone. The 
environment of deposition is considered to have been mainly 
fluviatile, ranging from proximal high-energy valley fill, to 
distal alluvial fan, to braidplain (Haines et al 1991). 

Kiana Group

Kalkarindji Province volcanic and minor sedimentary 
rocks in the northern Georgina Basin are underlain by a 
300 m-thick sedimentary succession referred to the Kiana 
Group (Rawlings et al 2008), which includes the Bukalara 
Sandstone and Cox Formation. A Neoproterozoic age is 
inferred by correlation for the Kiana Group. The absence 
of glacial deposits, in conjunction with the group’s 
undisturbed, flat-lying attitude and stratigraphic position 
below the early Cambrian Helen Springs Volcanics of the 
Kalkarindji Province, suggests that it is equivalent to post-
glacial (Ediacaran) Supersequence 3 (Walter et al 1995) 
units of the Centralian A Superbasin (Kruse et al 2013). 

The Bukalara Sandstone’s maximum thickness is 300 m 
(JW Smith 1964) and consists of sandstone of varying 
textures and grain size with minor conglomerate and 
shale (Smith and Roberts 1963, Plumb and Rhodes 1964, 
Jackson et al 1987, Rawlings et al 2008, Figure 30). A high-
energy braided fluviatile to shallow-marine depositional 
environment has been interpreted for the formation 
(Rawlings 2004). The Cox Formation has a maximum 
thickness of 50 m and consists of sandstone, interbedded 
with siltstone and shale, and laminated siltstone and shale. 
The environment of deposition was relatively deeper 
(storm-influenced subtidal marine) than that of the Bukalara 
Sandstone (Haines et al 1993).

Early cambrian–early late cambrian

All early Cambrian strata of the southern Georgina Basin 
are included within the Shadow Group (Figures 92, 93). 
Overlying middle and lower upper Cambrian rock units 
in the southern and eastern parts of the Georgina Basin, 
including much of the Undilla Sub-basin, are included 
within the Narpa Group; whereas correlative middle 
Cambrian rock units in the central, western and northern 
portions of the Georgina Basin, including the Barkly Sub-
basin and some exposed units of the Undilla Sub-basin, are 
referred to the Barkly Group. 

Shadow Group

The early Cambrian Shadow Group represents a renewal of 
sedimentation in the southern part of the basin following 

regional uplift. Constituent fan-delta to marine sandstone-
dominated units, Octy Formation and overlying Neutral 
Junction Formation in the southwest (Haines et al 1991), 
and Mount Baldwin Formation in the southeast (KG Smith 
1964, Walter 1980) preserve a varied Cambrian-aspect 
ichnofauna, correlative with the early early Cambrian 
(Walter et al 1989). 

The Octy Formation is up to 150 m thick (Haines et al 
2007) and consists of sandstone interbedded with minor 
siltstone, mudstone and silty sandstone. Depositional 
environments ranged from open marine to tidal, with 
occasional exposure (Dunster et al 2007). The Neutral 
Junction Formation is 39 m thick and consists of sandstone 
and siltstone, with minor intervals of limestone. The unit 
was probably deposited under low-energy subtidal marine 
conditions (Dunster et al 2007). The Mount Baldwin 
Formation has a maximum thickness of 320 m and consists 
of sandstone, greywacke, siltstone, shale and minor 
subarkose. An alluvial fan-delta environment of deposition 
has been interpreted for the unit (Stidolph et al 1988, Eyre 
1994), which has ichnofossils that indicate an early early 
Cambrian age (Dunster et al 2007). 

The Adam Shale is 16 m thick and consists of laminated 
pyritic shale with sandy laminations, and minor sandstone. 
A marine depositional setting is indicated (Dunster 
et al 2007), presumably below storm wave-base; the unit 
contains acritarchs (Walter et al 1979) that indicate an 
early early Cambrian age. The Red Heart Dolostone has 
a maximum thickness of 126 m and consists of dolostone 
and arkose or sandstone, with mudstone interbeds (Walter 
et al 1979, Kruse et al 2002a, Dunster et al 2007). The 
basal beds accumulated in a low- to high-energy marginal-
marine environment, and the remainder of the formation 
was deposited under shallow-marine conditions (Kruse and 
West 1980, Kennard 1991).

Narpa Group

The Narpa Group is widely distributed in the NT and Qld. 
Within the NT, constituent units occurring in the southern 
Georgina Basin include the Thorntonia Limestone, Arthur 
Creek Formation, Steamboat Sandstone, Chabalowe 
Formation and Arrinthrunga Formation. In the Undilla 
Sub-basin, Narpa Group units include the Thorntonia 
Limestone, Border Waterhole Formation and Currant Bush 
Limestone. The group passes laterally into the Wonarah 
Formation, Ranken Limestone and Camooweal Dolostone 
(Barkly Group) of the central part of the Georgina Basin. 

The Narpa Group is correlated (Shergold et al 1985) with 
the Gum Ridge Formation, Anthony Lagoon Formation, 
Wonarah Formation, Ranken Limestone and Camooweal 
Dolostone of the central and western parts of the Georgina 
Basin; Top Springs Limestone of the northern portion of the 
Georgina Basin; and various units of the Amadeus, Ngalia, 
Wiso, Daly, Ord, Bonaparte and Arafura basins. A diverse 
fauna (particularly of trilobites) in many units indicates an 
early middle Cambrian to middle late Cambrian age for the 
group (Shergold et al 1985). 

The Thorntonia Limestone has a maximum thickness 
of at least 400 m (Dunster et al 2007) and consists mostly 
of marine bioclastic carbonate rocks, including limestone, 
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partially dolomitised limestone, dolostone, pyritic-
carbonaceous dolostone, marl and mudstone, with minor 
nodular chert and phosphorite. The depositional environment 
is interpreted to have been peritidal to marine, and was partly 
dysoxic to anoxic in the southern and southwestern parts of 
the Georgina Basin (Dunster et al 2007).

The Arthur Creek Formation has been divided 
into two informal intervals; the overall unit consists of 
foetid pyritic-carbonaceous black shale and laminated 
dolostone, limestone and minor dolostone, conglomerate 
and siliciclastic mudstone. The formation has a maximum 
thickness in the NT of more than 483 m. The depositional 
environment has been interpreted as being dysoxic to 
anoxic, deeper marine, with some deposition from turbidity 
currents and debris flows for the lower interval; steadily 
shallowing upwards to aerobic, restricted platform marine 
above wave-base for the upper interval (Dunster et al 
2007). The Steamboat Sandstone ranges in thickness up 
to 221 m, and consists of sandstone, with interbeds of 
grainstone and dolostone, and minor siltstone. It contains 
a diverse fauna of trilobites that indicates a latest middle 
Cambrian age (Shergold et al 1985, Shergold 1997). The 
formation is interpreted to have been deposited under 
nearshore (Reynolds and Pritchard 1964) to shallow-marine 
conditions (Harrison 1979). The Chabalowe Formation 
reaches a maximum thickness of 342 m and comprises 
evaporitic, dolomitic sandstone and dolomitic siliciclastic 
siltstone, commonly with intraformational breccias, and 
minor peloid-intraclast dolostone and mudstone (Dunster 
et al 2007). The Chabalowe Formation was deposited 
under nearshore, restricted marine to peritidal (including 
hypersaline sabkha) conditions. 

The Arrinthrunga Formation attains a maximum 
thickness of 975 m (KG Smith 1972) and comprises 
locally silicified and evaporitic limestone and dolostone, 
minor sandstone, siltstone and shale. The depositional 
environment is interpreted to have been shallow-subtidal 
to peritidal on a restricted carbonate platform with 
intermittent local emergence (Shergold and Druce 1980, 
Kennard 1981). The Border Waterhole Formation occurs as 
isolated exposures and has a maximum thickness of 180 m 
(Shergold and Druce 1980) of shale, siltstone, chertifed 
limestone, chert, and conglomerate (Carter and Öpik 1961, 
Smith and Roberts 1963, McMahon 1969). A shallow-
marine depositional environment has been interpreted for 
the formation (Rawlings et al 2008). The Currant Bush 
Limestone mainly consists of bedded, partially dolomitized, 
foetid argillaceous, quartzic and bioclast limestone, and 
dolomitic limestone, with interbeds of ooid grainstone, shale, 
siltstone, marl and chert (Shergold et al 1985, Rawlings et al 
2008). The formation has a maximum thickness of 116 m 
(Stewart and Hoyling 1963). A shallow-marine, carbonate-
ramp depositional environment has been interpreted for the 
unit (Southgate and Shergold 1991, Rawlings et al 2008).

Barkly Group

The Barkly Group encompasses all middle Cambrian 
sedimentary rocks in the central, western and northern 
parts of the Georgina Basin, exclusive of the Thorntonia 
Limestone (Narpa Group). Constituent units include the 

Gum Ridge Formation, Top Springs Limestone and Anthony 
Lagoon Formation (all Barkly Sub-basin); and the Wonarah 
Formation, Ranken Limestone and Camooweal Dolostone 
(all Undilla Sub-basin). The group is (in part) correlated 
with and passes laterally into the Narpa Group. All Barkly 
Group rocks are middle Cambrian in age and are included 
within stratigraphic sequences 1 and 2 of Southgate and 
Shergold (1991). The oldest strata are Ordian, whereas 
the youngest are putative latest middle Cambrian, based 
on the late Cambrian age of the conformably overlying 
Arrinthrunga Formation. 

The Gum Ridge Formation comprises dolomitised 
limestone, and minor cryptomicrobial dololaminite and 
siliciclastic mudstone, and the formation has a maximum 
thickness of 151 m (Kruse 1996, 2008). The environment 
of deposition is interpreted to be a restricted marine shelf 
subject to episodic peritidal influence (Kruse et al 2010). 
The Top Springs Limestone reaches a maximum thickness 
of 92 m and comprises partially dolomitized limestone, 
minor brecciated limestone and microbial laminite, and rare 
fenestral limestone. It was probably deposited in a restricted 
marine shelf environment (Colliver and Bubner 1987, Kruse 
in Pietsch et al 1991, Kruse et al 2010).

The Anthony Lagoon Formation has a maximum 
thickness of 244.2 m, and consists of siltstone, interbedded 
dolostone, dolomitic sandstone–siltstone and beds of 
sandstone. It was deposited in a peritidal environment, a 
mixed carbonate-siliciclastic tidal flat subject to recurring 
supratidal exposure (Hussey et al 2001). The Wonarah 
Formation has a thickness greater than 191 m and 
consists mostly of silty dolostone with calci/dolomudstone 
and siliciclastic mudstone interbeds. The depositional 
environment for the formation is interpreted as being 
subtidal platform marine (Kruse et al 2010). The Ranken 
Limestone consists primarily of a fossiliferous, bioclast, 
bioclast-ooid and bioclast-intraclast rudstone; other minor 
rock types are conglomerate and calcimudstone (Kruse and 
Radke 2008), and the formation is at least 74 m thick. It 
was most likely deposited in intermittent peritidal to low-
energy marine conditions. The Camooweal Dolostone has 
a maximum thickness of 300 m and consists of dolostone, 
dolomitic limestone with nodular chert, minor marl, and 
basal high-energy rocks (Shergold et al 1976, Kruse and 
Radke 2008). Most of the formation was deposited under 
peritidal conditions in a restricted to epeiric back-barrier 
environment, and the age of the formation is interpreted to 
be middle Cambrian (Southgate and Shergold 1991).

Middle late cambrian–early Early ordovician

Cockroach Group

The Cockroach Group is widely distributed through the 
southern and eastern parts of the Georgina Basin in the 
NT, and includes the Ninmaroo Formation and laterally 
interfingering Tomahawk Formation (Figures 92, 93). 

The Ninmaroo Formation has a maximum thickness 
of 795 m and consists of ooid, peloid, bioclast, intraclast, 
microbial and mixed-lithology limestone and dolostone 
with minor quartz sandstone and conglomerate, with a 
diverse fossil fauna including conodonts that indicate an 
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age range from middle late Cambrian to earliest Early 
Ordovician (Dunster et al 2007, Shergold and Nicoll 1992). 
The sediments were probably deposited in an open to 
restricted marine environment with emergent evaporitic 
conditions (Radke 1980, 1981, in Druce et al 1982). The 
Tomahawk Formation has a maximum thickness of 190 m 
and is dominated by dolomitic, glauconite-bearing quartz 
sandstone with minor quartz wacke, subarkose and sublithic 
sandstone, plus interbeds of conglomerate, siltstone and 
shale (Kruse et al 2002a). A moderately diverse fossil 
assemblage is indicative of middle late Cambrian to latest 
late Cambrian (Shergold and Druce 1980, Shergold and 
Nicoll 1992, Dunster et al 2007). The sediments were 
deposited in littoral to sublittoral conditions extending for a 
considerable distance offshore on a broad marine platform 
within restricted to open-marine waters. 

ordovician

Toko Group

Constituent units, in ascending stratigraphic order, include 
the Kelly Creek Formation, Coolibah Formation, Nora 
Formation, Carlo Sandstone, Mithaka Formation and 
Ethabuka Sandstone (Figure 92). The Toko Group spans 
the Early to Late Ordovician.

The Kelly Creek Formation can be divided into informal 
lower and upper portions, which comprise calcareous and 
dolomitic sandstone, dolostone, siltstone, dolomudstone, 
limestone, and minor conglomerate and coquinite, and 
reach a maximum of 92 m thickness in the NT (Dunster et al 
2007). The formation was probably deposited in a peritidal 
to unrestricted open-marine depositional environment 
(Shergold and Druce 1980). The Coolibah Formation has 
a maximum thickness of 7.5 m in the NT although 110 m 
has been recorded in Qld. The formation consists of 
limestone, dolostone, marl and local lenticular chert, with 
a basal interval of sandstone, conglomerate or silicified 
microbial boundstone (Kruse et al 2002a). The depositional 
environment is interpreted to have been intertidal to 
shallow-subtidal marine with fluctuating energy conditions 
(Shergold et al 1976).

The Nora Formation consists of 250 m of siltstone, 
claystone, sandstone and minor dolostone, with a basal 
bioclast grainstone–rudstone. The depositional environment 
for the formation has been interpreted to be intertidal to 
low-energy, shallow-subtidal marine, with the coarser basal 
interval representing an offshore bar (Shergold and Druce 
1980). The Carlo Sandstone has a thickness of 22 m in the 
NT, and a total thickness of 174 m has been recorded in 
Qld; the formation consists of beds of sandstone, and minor 
sandstone and siltstone. It was deposited in a shallow-
littoral depositional environment in a shoaling or barrier 
island setting (Shergold et al 1976). 

The recessive Mithaka Formation consists of gypsiferous 
shale, calcareous siltstone, and minor calcareous, 
glauconitic and micaceous quartz sandstone, and has a 
thickness of 120 m in the NT. It was probably deposited in a 
low-energy marine lagoon with limited tidal range (Draper 
1977) or, alternatively, a more open shallow-subtidal 
setting is possible (Kuhn and Barnes 2005). In the NT, only 

about 35 m of the lowest of four subunits of the Ethabuka 
Sandstone occurs, and consists of sandstone with minor 
siltstone and claystone interbeds, and rare conglomerate. 
The depositional environment is interpreted to have been 
a high-energy shallow-marine barrier, but with bioturbated 
intervals also indicating subordinate lower-energy subtidal 
conditions (Draper 1977, 1980). 

devonian

After deposition of the Ordovician Toko Group, no further 
sedimentation took place in the Georgina Basin until the 
Middle Devonian, when the Pertnjara–Brewer movements 
of the ASO instigated deposition of synorogenic siliciclastic 
sediments of the Dulcie Sandstone (Figure 92). The Dulcie 
Sandstone has a thickness of up to 650 m and consists of 
sandstone with rare beds of silty calcareous sandstone and 
pebble conglomerate (Freeman 1986). It contains an Early–
Middle Devonian fish fauna (Young and Goujet 2003) and 
rare ichnofossils (Freeman 1986). Hills (1959) interpreted 
a continental aeolian and braided fluviatile depositional 
environment for the formation. The Cravens Peak beds are 
a correlative of the Dulcie Sandstone. The unit is at least 
280 m thick (Shergold 1985) and is informally divided into a 
lower interval of calcareous siltstone, calcareous sandstone, 
limestone and minor conglomerate, and an upper interval 
of cross-bedded, fine- to medium-grained quartz sandstone 
with clay pellets, and conglomerate. It contains a fossil 
assemblage (listed by Dunster et al 2007) suggestive of 
an Early–Middle Devonian age (Young and Goujet 2003). 
The depositional environment is interpreted to have been 
initially shallow-subtidal to marginal/shoreface marine, 
passing via offshore sandbar and beach facies into non-
marine braided fluviatile settings (Hills 1959, Draper in 
Turner et al 1981).

Structure and tectonIc hIStory

Most deformation visible in outcrop of the Georgina Basin 
is related to folding and faulting that occurred during the 
450–300 Ma Alice Springs Orogeny. However, most of 
the significant faults in the southern Georgina Basin were 
initiated in Neoproterozoic time as normal faults marginal 
to large-scale northwest-trending intracontinental rifts; 
these were subsequently reactivated as high-angle reverse 
faults during the ASO (Zhao et al 1994, Greene 2003, 2010). 
In the central and northern Georgina Basin, much of the 
succession is little deformed, and is flat-lying to gently 
folded.

The Neoproterozoic succession has been subjected 
to at least four tectonic movements of varying intensities 
(Figure 92). The middle Cryogenian Areyonga Movement, 
which resulted in folding and faulting of Supersequence 1 
rocks elsewhere in the Centralian A Superbasin (eg Wells 
et al 1970, Apak et al 2002), corresponds to a lengthy hiatus 
of possibly as much as 100 million years in the southern 
Georgina Basin prior to deposition of Supersequence 2 
(Aroota Group). The late Cryogenian Rinkabeena Movement 
(Wells and Moss 1983), which equates to a disconformity 
in the Ngalia Basin succession, was extended to the 
corresponding disconformity between the Aroota Group 
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(Supersequence 2) and Keepera Group (Supersequence 3) 
by Walter (1980). Walter further invoked the Toomba 
Movement to account for a local angular unconformity 
between elements of the Keepera and Mopunga groups, 
accompanied by a thick wedge of arkose (Gnallan-a-Gea 
Arkose). This movement was probably synchronous with the 
Souths Range Movement of the Amadeus Basin. Walter’s 
(1980) Huckitta Movement was coined to denote a period 
of local uplift and erosion spanning the Precambrian–
Cambrian boundary (Mopunga Group–Shadow Group 
contact). The hiatus is interpreted as a distal expression of 
the Petermann Orogeny.

The ASO produced intense deformation, including 
significant reverse faulting, on the southern margin of the 
Georgina Basin, and was responsible for much of the present 
structure. Haines et al (2001) recognised three constituent 
orogenic movements: the Rodingan Movement in the Late 
Ordovician, Pertnjara–Brewer Movements in the Middle 
Devonian and Mount Eclipse Movement in the Middle–
Late Carboniferous. The most intense deformation visible 
in the southern Georgina Basin is attributed to the 390–
375 Ma Pertnjara-Brewer Movements, which formed the 
present structural margin of the southern Georgina Basin 
when basement was thrust over Cryogenian–Ordovician 
rocks. Pre-existing normal faults bounding Neoproterozoic 
rift basins were selectively reactivated at this time, and are 
now expressed as high-angle reverse faults that inverted the 
pre-existing rift basins (Greene 2003, 2010). Only minor 
reactivation of older ASO structures is inferred for the 330–
320 Ma Mount Eclipse Movement in the southern Georgina 
Basin.

The Toko and Dulcie synclines (Figures 91, 94) have 
wavelengths of tens of kilometres and dominate the broad-
scale structure of the southern Georgina Basin. These are 

the only structures of sufficient amplitude to preserve any 
Devonian section. The fold axes of both are parallel to the 
adjacent faulted basin margin, which appears to have acted 
as a rigid buttress against which folding has occurred.

petroleum potentIal

Exploration history

Hydrocarbons were first noted within the Georgina Basin 
as early as 1910, when petroliferous odours were noted in 
water bores during drilling of the Georgina Limestone. 
Sporadic reports of hydrocarbons within the basin 
succession continued until the early 1960s, when the 
first significant phase of exploration commenced. These 
included Shepherd (1945), who reported black bituminous 
limestones that burned readily in a shallow bore in Qld, 
and Mackay and Jones (1956), who reported an accidental 
gas explosion in an NT water bore. In 1962, the Bureau of 
Mineral Resources (BMR, now Geoscience Australia, GA) 
completed a shallow stratigraphic drilling campaign as part 
of their detailed mapping of the Georgina Basin. Between 
1962 and 1966, a number of petroleum wells were drilled 
by explorers in the Qld and NT portions of the basin but, 
although a number of shows were reported, no significant 
petroleum accumulations were found. BMR also drilled 
three deep stratigraphic holes during this period. 

By 1966, most of the recognised ‘surface’ anticlines 
had been drilled, and from 1966 to 1983, there was very 
little petroleum exploration in the basin, although BMR 
continued to drill stratigraphic boreholes and acquire 
geophysical data. A lack of exploration success and a 
perception that the hydrocarbon potential of the basin was 
low discouraged further exploration in the basin during 
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this period. No wells were drilled by petroleum exploration 
companies in the NT portion of the basin, although a few 
were drilled in Qld. The most notable of these was Alliance 
Oil Development NL Ethabuka-l, which was drilled in the 
Toko Syncline in 1974 (Mulready 1975). A dry gas flow of 
an estimated 7080 m3/day (0.25 mmscfd) was obtained from 
the Ordovician Kelly Creek Formation in this well (Radke 
and Duff 1980), and this remains the only sizeable flow of 
hydrocarbons obtained from the Georgina Basin succession 
to date.

Between 1988 and 1992, Pacific conducted an exploration 
campaign over the southern Georgina Basin that included 
675 line km of seismic data, and eight exploration wells 
in the NT and two in Qld. Minor hydrocarbon shows were 
recorded in all these wells, but none tested a confirmed 
structural closure and there were no significant discoveries. 

The most recent phase of exploration, from the mid-2000s 
to the present, involves exploration for unconventional, as well 
as conventional petroleum. Most attention has been focused 
on the very prospective southern Georgina Basin, and almost 
all of the basin is currently covered by exploration tenements, 
either at application stage, or granted. In the southern portion 
of the basin in the NT, a significant exploration campaign is 
being conducted by joint ventures involving Statoil Australia 
Oil & Gas AS (operator), Baraka Energy & Resources Ltd 
and PetroFrontier Corporation. Across the border in Qld, 
another significant exploration program in the southeastern 
part of the basin is being managed by a joint venture between 
Central Petroleum and Total SA. The exploration program 
in the NT during this phase of exploration has included the 
acquisition of 780 line km of seismic data in 2009–2010, 
422 line km in 2011, and a further 304 line km (PetroFrontier 
2013a) in 2013. Three significant vertical wells, Baldwin-2, 
MacIntyre-2 and Owen-3, were also completed in 2011–
2012, and were then re-entered and extended into the very 
prospective lower Arthur Creek Formation as horizontal 
wells (Baldwin-2Hst1, MacIntyre-2H, Owen-3H) in 2012. An 
attempt at hydraulic stimulation in these wells in 2012 met 
with mixed success (PetroFrontier 2013b). Due to a shallow 
casing failure at Baldwin-2Hst1, hydraulic stimulation 
was suspended pending evaluation of a remedial work 
program. However, both MacIntyre-2H and Owen-3H 
were successfully stimulated and completed. A 20-day 
extended flow-testing program was completed at Owen-3H, 
but MacIntyre-2H was suspended due to the onset of the 
wet season and lack of service crew and equipment. Good 
gas shows were recorded in all three horizontal wells; oil 
seepage was also reported in Owen-3 and oil fluorescence 
in Owen-3H, which penetrated a thermally less mature, and 
therefore oil-prone part of the formation. Stimulation of 
Owen-3H resulted in the retrieval of fluids approximately 
equal to the amount injected during stimulation and 90% of 
the amount lost during drilling. However, no hydrocarbons 
were recovered. Exploration programs in this portion of the 
basin are ongoing.

Very little exploration has occurred in the central and 
northern portions of the basin. In the Undilla Sub-basin, 
petroleum exploration well Lake Nash-1 was drilled in 
the axis of the Lake Nash Anticline (AVON DOWNS) by 
Amalgamated Petroleum NL in 1962. Viscous tar or asphalt 
and occasional oil drops were detected throughout ‘Unit C’ 

(Mines Administration 1963), interpreted as Thorntonia 
Limestone by Kruse and Radke (2008). Two petroleum wells 
were also drilled in the Barkly Sub-basin in 1964: Papuan 
Apinaipi Petroleum Company Ltd drilled Brunette Downs-1 
to basement (Mines Administration 1964), and Barkley 
Oil Company Pty Ltd drilled Frewena-1 as a stratigraphic 
evaluation of the region (Pemberton and Webb 1965). 
However, neither well encountered hydrocarbon shows 
and none of the above wells was continuously cored. In the 
northeast of the basin, the Neoproterozoic succession has been 
penetrated by drillholes targeting the underlying Beetaloo 
Sub-basin succession of the McArthur Basin. Numerous oil 
shows were described from the Bukalara Sandstone of the 
Georgina Basin in drillhole Walton-1, where this formation 
unconformably overlies excellent source rocks of the middle 
Velkerri Formation of the Beetaloo Sub-basin (Lanigan and 
Ledlie 1990b), but no other significant petroleum indications 
have been discovered in this part of the basin to date.

Figure 95 shows the location of significant petroleum 
and stratigraphic drillholes, and seismic lines, within the 
NT portion of the Georgina Basin.

Source rockS

The source rock characteristics of the southern Georgina 
Basin are well documented and have been summarised in 
SIBGEO (1991a, b, 1992), Questa (1994), Glikson (1999), 
Ambrose et al (2001a), Boreham and Ambrose (2007), 
Dunster et al (2007) and Tiem et al (2011). There have been 
no studies undertaken on the much thinner successions in the 
rest of the basin, but any source rocks in these areas have not 
been deeply buried and are therefore likely to be thermally 
immature.

The abundance of oil and gas shows in the middle 
Cambrian succession demonstrates the presence of effective 
marine source rocks in the southern basin (Ambrose et al 
2001, Boreham and Ambrose 2007). Fossil oil columns have 
been recognised in the Thorntonia Limestone (eg Ross-1 
and Owen-2), and ‘live’ oil stains are widespread within the 
Arthur Creek Formation and Hagen Member of the lower 
Chabalowe Formation (eg Randall-1, Phillip-2, Elkedra-7 
and Todd-1). In particular, pyritic carbonaceous black shale 
in the lower Arthur Creek Formation constitutes a world-
class prospective petroleum source rock. Hydrocarbon 
yields in the Thorntonia Limestone and Arthur Creek 
Formation are generally high. Values range up to 50.7 kg/t 
and 35.8 kg/t, respectively, although these may in part reflect 
migrated oil. Biomarker geochemistry indicates that each 
formation has generated genetically distinct oil. A Soviet 
study (SIBGEO 1991a, b, 1992) calculated that, overall, 
40 x 109 t of oil have migrated (not just generated) in the 
southern Georgina Basin. Source rocks in the lower Arthur 
Creek Formation alone in the NT portion of the basin may 
have generated in excess of 10 x 109 t of oil.

Source rock units

Neoproterozoic–early Cambrian units

The Neoproterozoic–early Cambrian succession of the 
southern Georgina Basin has generally not been considered 
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for its petroleum potential, with almost all attention being 
focused on the middle Cambrian–Ordovician succession. 
Neoproterozoic sedimentary rocks were deposited adjacent 
to the faulted southern margin of the basin in a number of 
fault-bounded grabens and half-grabens (see Structure 
and tectonic history). They consist of mostly siliciclastic 
and minor dolomitic rocks, and were deposited in a wide 
range of environments including glacial and periglacial, 
shallow to deeper marine, transitional, emergent and 
fluvial. The Neoproterozoic succession is thinner than in 
other central Australian basins, but is still hundreds of 
metres thick. It contains a range of rock types including 
some intervals of finer-grained siliciclastic rocks that may 
have been deposited in suitable (eg oxygen depleted, or 

anoxic) conditions (eg Figure 96) so as to preserve organic 
matter. There are very few analyses of the organic content 
of Neoproterozoic rocks in the Georgina Basin, although 
Shergold (1979b) reported relatively lean TOCs in the 
range 0.31–0.90% from three samples of a shale within 
the Yardida Tillite in drillhole BMR Hay River-10. No 
other potential source rocks have been clearly identified 
to date. The early Cambrian Shadow Group consists 
of fine to coarse clastic and minor carbonate rocks that 
were deposited under mostly marine, and less common 
nearshore, transitional and fluvial environments. The 
succession includes some shaly intervals that might be 
organic-rich (eg Adam Shale) but, in general, its source 
rock potential is virtually unknown.
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Thorntonia Limestone

The unit at the base of the Narpa Group in the southern 
Georgina Basin was originally named the Hay River 
Formation by Shergold in Walter et al (1979). It was defined 
to include three constituent numbered ‘members’ that 
Shergold (1985) and Donnelly et al (1988) subsequently 
modified to embrace a greater thickness of strata in three 
discrete packages. In the nomenclatural rationalisation of 
Ambrose et al (2001a), the upper unit was included as part 
of the Arthur Creek Formation, the lower two units were 
referred to the Thorntonia Limestone, and the name Hay 
River Formation was abandoned. This nomenclature has 
been widely followed in subsequent studies (eg Dunster 
et al 2007, Kruse et al 2013) and by industry. More recently, 
Smith et al (2013) reported the results of a biostratigraphic 
study (Laurie 2012), which concluded that the Thorntonia 
Limestone in the southern part of the basin is older than at 
its type area in the Undilla Sub-basin. Consequently, they 
reinstated the name Hay River Formation for the calcareous 
deposits at the base of the Narpa Group in most areas of the 
southern basin in the NT, and restricted the name Thorntonia 
Limestone to the younger unit in the Undilla Sub-basin to 
the north. However, because the original and/or subsequent 

concepts of the Hay River Formation have embraced at 
least two and possibly three currently accepted formations, 
there is potential for confusion with any re-use of this name. 
The older age reported for the Thorntonia Limestone in the 
southern basin might indicate that it is a distinct formation, 
but might also indicate that the formation is diachronous 
and that its top might young from west to east, like the 
overlying Arthur Creek Formation (Smith et al 2013). The 
name Thorntonia Limestone is therefore retained for this 
succession for the time being.

The Thorntonia Limestone ranges in thickness from 
23 m to >400 m, but is usually less than 100 m (Dunster 
et al 2007). It consists mostly of marine bioclastic carbonate 
rocks, including limestone, partially dolomitised limestone, 
dolostone (Figure 97), pyritic-carbonaceous dolostone, marl 
and mudstone, with minor nodular chert and phosphorite. 
A thin basal quartz sandstone or arkosic conglomerate lag 
occurs locally. A diverse fossil assemblage was listed by 
Dunster et al (2007) and indicates an early middle Cambrian 
(Ordian to Templetonian) age (Shergold et al 1985, Laurie 
2012, Smith et al 2013). The depositional environment 
is interpreted to have been peritidal to marine, and was 
partly dysoxic to anoxic in the southern and southwestern 
Georgina Basin (Dunster et al 2007).

TOP

BOTTOM

Figure 96. Neoproterozoic Elyuah 
Formation black mudstone and basal 
conglomerate overlying basement 
granite in core from drillhole CMS2; 
top of basal conglomerate under pen cap 
(after Dunster et al 2007).

Figure 97. Arthur Creek Formation 
basal black shale disconformably 
overlying Thorntonia Limestone (pale 
grey). Arrow marks karstified contact, 
at 279.9 m in drillhole NTGS Elkedra-7 
(after Dunster et al 2007).
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The Thorntonia Limestone is an excellent source 
rock and also has potential as a reservoir. Its source 
rock characteristics are well documented and have been 
summarised (as ‘Thorntonia Limestone’) in Questa (1994), 
Ambrose et al (2001a), Boreham and Ambrose (2007) and 
Dunster et al (2007). Dunster et al revised the source rock 
geochemical dataset of the formation, and reported that it 
has an average TOC of 1.46 ± 1.37% (Figure 98), which 
excludes anomalously high values of up to 27.8% from 
contaminated samples in drillhole Elkedra-7. The middle 
and, to a lesser extent, upper part of the Thorntonia Limestone 
in Owen-2, NTGS99/1, and Netting Fence-1, which are 
located in the southeast of the basin to the north of the Toko 
Trough, includes organic-rich shale with high TOC values, 
whereas the lower part of the formation in these drillholes 
is less organic-rich. Seventeen samples over an 83 m-thick 
interval in the middle and upper part of the formation in 
Owen-2 show a maximum TOC of 8.6% (average 1.9%; 
Ambrose et al 2001a), but some samples contained bitumen 
or oil. In NTGS99/1, the formation has yielded up to 2.9% 
TOC (Ambrose et al 2001a). In Ammaroo-1, the Thorntonia 
Limestone averages only 1.3% TOC, but the upper part of 
the formation in NTGS Elkedra-7 and NTGS Elkedra-3 may 
contain richer source rocks (Dunster et al 2007). Laminated 
black pyritic-carbonaceous mudstone also occurs in the 
middle Thorntonia Limestone in BMR Hay River-11A-B, 
but there are no TOC analyses from this interval. Dunster 
et al (2007) noted that where these shaly source rocks occur 
as thin beds in a dominantly carbonate interval, they will 
expel hydrocarbons at lower temperatures and lower TOC 
than will thick shale. 

As for other units in this middle Cambrian succession, 
the Thorntonia Limestone has Type II and II–III kerogen, 
indicating an ability to expel oil and gas at peak maturity. 
HI values are relatively low in NTGS99/1 and range to a 
maximum of 694 in Owen-2 (Figure 99a). They show a 
mixed potential to generate hydrocarbons, with the lower 
values indicating either the prior generation and expulsion 
of hydrocarbons, or poor-quality source rock. The average 
petroleum potential yield (S1+S2) for 46 samples of the 
Thorntonia Limestone is 6.6 ± 9.4 kg/t, with a minimum 
of 0.22 kg/t and a maximum of 50.7 kg/t. The maximum 
value, recorded from Owen-2, is 57 kg/t, with the average 
being 12.3 kg/t (Questa 1994), but the high value in this well 
is possibly due to migrated oil (Dunster et al 2007). The 
average PI for the Thorntonia Limestone ranges from 0.10 
in Owen-2 to 0.43 in NTGS99/1 (Dunster et al 2007), which 
indicates that the formation is mostly within the oil window 
in the four wells sampled. TMax values from the Thorntonia 
Limestone are based on very few readings, especially in 
MacIntyre-1 and Baldwin-1, which give maximum values 
of 387°C and 305°C, respectively, which is immature for oil 
generation. However, other wells in the southern basin give 
oil-mature maximum TMax values of 445–447°C, ranging up 
to 462°C and 535°C in the southern Toko Trough, where the 
formation is overmature for oil (Dunster et al 2007). 

Arthur Creek Formation

The top of the Thorntonia Limestone was at least locally 
exposed and karstified prior to rapid inundation that 

initiated the thick Arthur Creek Formation (Freeman 1986 
after Smith 1964, modified by Kruse et al 2002a) in the 
southern part of the basin. The Arthur Creek Formation is 
disconformable on the Thorntonia Limestone or, where this 
is absent, the Red Heart Dolostone. It is conformably overlain 
by the Steamboat Sandstone and Chabalowe Formation. The 
formation ranges in thickness from <30 m to a maximum 
thickness in the NT of >483 m in cored drillhole BHD9, 
and has been divided into two informal intervals. The 
lower interval is 272.1 m thick in cored drillhole NTGS99/1 
and consists of foetid pyritic-carbonaceous black shale 
(colloquially known as ‘hot shale’) and laminated dolostone, 
and minor dolomitic quartz sandstone and conglomerate. 
Figure 100 is an isopach map showing the distribution and 
thickness of the ‘hot shale’ in the southern basin. The paler 
upper interval comprises dolostone, limestone, and minor 
quartzic dolostone and siliciclastic mudstone. The transition 
between the two intervals can be abrupt, or gradational 
and interfingering (Kruse et al 2002a). The environment 
of deposition for the lower interval is interpreted as being 
dysoxic to anoxic deeper marine, with some deposition 
from turbidity currents and debris flows; this is interpreted 
to shallow upwards to an aerobic, restricted platform marine 
setting, above wave-base, for the upper interval (Dunster 
et al 2007). 

The Arthur Creek Formation is rich in fossils and these 
collectively indicate an early middle Cambrian (latest 
Ordian) to early late Cambrian (late Boomerangian) age. 
However, the formation is diachronous and youngs towards 
the east (Laurie 2012, Smith et al 2013). In the Dulcie 
Syncline, the formation ranges from the latest Ordian to 
Undillan or younger, whereas in the Toko Syncline, the base 
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of the formation is Floran, with thick overlying Undillan 
and Boomerangian successions. The ‘hot shale’ interpreted 
at the base of the Arthur Creek Formation in both synclines 
similarly varies in age from late Ordian to Floran across 
the major depocentres. The contact between the ‘upper’ and 
‘lower’ Arthur Creek Formation is also diachronous, and 
varies in age from late Templetonian–early Floran to early 
Boomerangian, in the four wells for which biostratigraphic 
control exists (Laurie 2012, Smith et al 2013).

The Arthur Creek Formation contains excellent 
source rocks, with the lower half of the formation and, in 
particular, the basal so-called ‘hot shale’ (Ambrose et al 
2001a, Figures 97, 101) having the most potential. Dunster 
(et al 2007, Figure 98) provided a summary of the organic 
content from various intervals the formation. The ‘hot shale’ 
interval contains metre-thick intervals of consistently high 
TOC, averaging 3.3 ± 2.6%, with all but three of 43 analyses 
exceeding 1%. The highest reported value is 14.2%, but it 
is possible that this sample may have contained migrated 
hydrocarbons. Centimetre- to decimetre-thick beds of high-
TOC source rock in the basal 100 m of the lower Arthur 
Creek Formation, above the ‘hot shale’, average 1.3 ± 1.1% 
TOC (maximum 5.65%). Source rocks in the upper 
Arthur Creek Formation have lower values that average 
0.6 ± 0.85% TOC, excluding an assay of 15.5% from NTGS 
Elkedra-2 that was contaminated by ‘live’ oil. These source 
rocks are centimetre-thick shale stringers, and there is 
some concentration of organic matter by pressure solution 
of carbonate rocks. Tiem et al (2011) provided additional 
analyses of the formation, mostly from the ‘hot shale’; these 
were in the range 1.0–12.2%, with an average value of 7.7%. 

As for other formations in this middle Cambrian 
succession, the Arthur Creek Formation contains Type II 
and II–III kerogen (Questa 1994), indicating an ability to 
expel oil and gas at peak maturity. Available geochemical 
data shows this facies to have consistent quality over a 
huge area (Ambrose et al 2012c). The basal Arthur Creek 
Formation ‘hot shale’ has generally low HI values (<ca 100) 
in most wells sampled (Dunster et al 2007, Tiem et al 
2011, Figure 99b–d), possibly indicating generation and 
expulsion, except in Ross-1 and Lucy Creek-1, where HI 

values range up to about 500, indicating that those wells 
intersect the least mature ‘hot shale’. Similar low HI values 
are found in the lower Arthur Creek Formation, above 
the ‘hot shale’, in Baldwin-1, Hacking-1, MacIntyre-1 and 
NTGS99/1, but higher values in the range 300–550 are 
present in samples from other wells, including Owen-2, 
Ross-1 and Cockroach-1. Scant data for the upper Arthur 
Creek Formation show similar HI values, ranging from 
ca 100 to ca 550. The average petroleum potential yield 
for the ‘hot shale’ is 4.6 ± 5.9 kg/t, which is less than that 
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Figure 100. Isopach map showing 
thickness of lower Arthur Creek 
Formation ‘hot shale’ in southern 
Georgina Basin (redrawn after 
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Figure 101. Photomicrograph of lower Arthur Creek Formation 
pyritic carbonaceous ‘hot shale’, with component laminations 
dominantly of light-coloured fine dolospar and dark interstitial 
organic matter and clays from cored drillhole NTGS99/1 (after 
Dunster et al 2007).
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of the overlying lower Arthur Creek Formation (average 
5.6 ± 6.7 kg/t) and the underlying Thorntonia Limestone. 
Yields from the lower Arthur Creek Formation are highly 
variable and range from <5 kg/t in a number of wells to 
a maximum of 35.8 kg/t in Owen-2, which might indicate 
the presence of migrated oil (Dunster et al 2007). Potential 
yields determined by SIBGEO (1991a, b) are similar, with 
an overall maximum potential yield of 22.4 kg/t. The upper 
Arthur Creek Formation includes a few thin layers of 
carbonaceous shale that are locally quite rich. High potential 
yields of 16.2 kg/t in Owen-2, 11.6 kg/t in NTGS Elkedra-7A 
and 13.1 kg/t in BMR Sandover-1 bias the arithmetic mean 
of 3.5 ± 4.1 kg/t (Dunster et al 2007). The average PI for the 
lower Arthur Creek Formation ranges from 0.12 in Owen-2 
to 0.63 in Baldwin-1 (Dunster et al 2007), which indicates 
that the formation is significantly overmature for oil, and 
probably into the dry gas window in Baldwin-1, Hunt-1 
and MacIntyre-1, but mostly within the oil window in other 
wells sampled. This is in agreement with TMax values for 
the formation, which range from a minimum of 430°C in 

Scarr-1 in the north to a maximum of 491°C in Baldwin-1 
in the south, with values from other wells showing that the 
formation is either mature or overmature for oil throughout 
the southern portion of the basin, with maximum values 
along the southern margins (Questa 1994, Ambrose et al 
2001a, Dunster et al 2007, Tiem et al 2011, Figure 102). 

Other potential source rocks

Chabalowe Formation (including Hagen Member) and 
Arrinthrunga Formation
Rocks of late Cambrian age in the southern portion of the 
basin include thin shales in the Chabalowe and Arrinthrunga 
formations, and evaporitic rocks in the Chabalowe 
Formation (particularly the basal Hagen Member), that 
collectively offer some source potential (Questa 1994, 
Ambrose et al 2001a). 

The Chabalowe Formation (Stidolph et al 1988) 
conformably overlies the Arthur Creek Formation, or 
where this is absent, disconformably overlies the Neutral 
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Junction Formation, or basement rocks. It is conformably 
overlain by and partially laterally interfingers with the 
basal Arrinthrunga Formation. The formation reaches a 
maximum thickness of 342 m in cored drillhole Randall-1, 
and comprises evaporitic, medium to coarse, cross-bedded 
dolomitic quartz sandstone and dolomitic siliciclastic 
siltstone, commonly with intraformational breccias, 
and minor quartzic, silty and peloid-intraclast dolostone 
and mudstone (Dunster et al 2007). A basal arkosic 
conglomerate may occur above Palaeoproterozoic granite. 
The basal, lenticular Hagen Member (Stidolph et al 1988) 
reaches a maximum thickness of 160 m in Randall-1 and 
is characterised by a relative abundance of evaporite and 
a greater proportion of dolostone to siliciclastic rocks than 
the rest of the formation. The dolostone includes microbial 
(stromatolitic and thrombolitic) and intraclast types, together 
with dolomudstone, and is characterised by the presence of 
massive and bedded gypsum and lesser anhydrite (Kruse 
et al 2002b). The entire Chabalowe Formation was deposited 
under nearshore, restricted marine to peritidal (including 
hypersaline sabkha) conditions. Its stratigraphic position 
above the Arthur Creek Formation and lateral to the basal 
Arrinthrunga Formation suggests an early late Cambrian 
age for the unit (Kruse et al 2002b, Dunster et al 2007).

The very thick Arrinthrunga Formation (Smith 1972) 
conformably and gradationally overlies the Chabalowe 
Formation and Steamboat Sandstone, or where these are 
absent, the Arthur Creek Formation. It laterally interfingers 
with the Georgina Limestone (in Qld) and its basal beds are 

partly equivalent to the Chabalowe Formation. The unit is 
disconformably overlain by the Tomahawk and Ninmaroo 
formations. The Eurowie Sandstone Member is locally 
recognised in the middle Arrinthrunga Formation (Dunster 
et al 2007). The formation attains a maximum thickness 
of 975 m (Smith 1972) and is in the range 300–900 m over 
most of its wide geographic extent. It comprises locally 
silicified and evaporitic limestone and dolostone, minor 
quartz sandstone, siltstone and shale (Figure 103). Kennard 
(1981) described a variety of component carbonate rock 
types including microbial, peloid, ooid and minor mudstone 
textures, together with quartzic carbonate, marl and minor 
quartz sandstone. The formation includes stromatolites, 
and rare trilobites, brachiopods, hyoliths, molluscs (Smith 
1972) and ichnofossils. These, together with stratigraphic 
relationships, indicate an early–?middle late Cambrian 
age. The depositional environment is interpreted to have 
been shallow subtidal to peritidal on a restricted carbonate 
platform, with intermittent local emergence (Shergold and 
Druce 1980, Kennard 1981).

The lower part of this late Cambrian succession (Hagen 
Member and equivalents) has yielded good oil shows in 
Randall-1, Phillip-2, Elkedra-7 and Todd-1 (Qld). Morris 
(1986) tentatively correlated oil samples from the Hagen 
Member in NTGS Elkedra-6 with source rocks in the 
lower Arthur Creek Formation, whereas Ambrose et al 
(2001a) considered the probable source of the oil to be 
intraformational shale. The Hagen Member has not been 
intensively sampled for organic content. Dunster et al 
(2007) reported that the TOC of 17 samples of this unit 
averaged a relatively lean 0.19% with no values greater than 
1.0% (Figure 98), but noted that these were not necessarily 
representative of the unit. Four samples analysed by 
SIBGEO (1992) similarly did not indicate good source 
potential. However, Ambrose et al (2001a) noted that thin 
organic-rich intervals have returned higher TOC values 
from this member and equivalent units in Macintyre-l (up to 
4% TOC), Elkedra-2 (up to 7.9% TOC) and Baldwin-1 (up to 
4% TOC). Fourteen samples of other parts of the Chabalowe 
and Arrinthrunga formations have returned TOC values of 
up to 11%, with an average value of 1.79% (Dunster et al 
2007). Overall, these analyses show that there are at least 
some intervals within these units that have sufficiently high 
TOC to be a potential hydrocarbon source. The potential 
yield of 11 samples from the Hagen Member averaged only 
1.3 ± 1.3 kg/t, which Dunster et al (2007) interpreted to 
be a maturation effect, in that these samples have already 
expelled hydrocarbons. The average PI for samples of the 
Hagen Member in NTGS Elkedra-6 and -7 is 0.46 and 0.41, 
respectively, which is indicative of the upper oil window. 
HI values from very limited data, also from the Hagen 
Member, are relatively low (mostly <300), indicating either 
the prior generation and expulsion of hydrocarbons, or that 
the samples are of poor-quality source rock (Figure 104). 

Ordovician units
Ordovician rocks have generally not been studied for their 
source potential. Questa (1994) suggested that the lower 
Kelly Creek Formation appears to contain viable source 
rocks, but gave few details to support this assessment. There 
are also other intervals within the succession (eg Nora and 

Figure 103. Arrinthrunga Formation (after Kruse et al 2002b). 
(a) Light grey, thinly bedded marly dolomudstone in hilltop 
quarry. (b) Thick tabular beds of quartz sandstone in middle 
part of formation.

a

b
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Mithaka formations) that contain fine-grained marine rocks 
that might be worth investigating.

Maturation and migration

Extreme thermal alteration is present on the southern basin 
margin from Baldwin-1 to BMR Huckitta-1, and from 
BMR Tobermory-14 across the Qld border (Dunster et al 
2007). In these areas, organic matter is overmature for oil 
generation. To the north and northwest, lower Arthur Creek 
Formation source rocks entered the oil window (eg in the 
Owen-2, Ross-1 areas) soon after the ASO and remain there 
today. Ambrose et al (2001a, 2012c) interpreted a northward 
gradation to immaturity in the area between Bradley-1 (Qld) 
and Mulga-1. However, these more northeastern areas were 
considered to be mature or overmature for oil generation by 
Dunster et al (2007, Figure 102). It should be noted that the 
distribution of thermal maturity does not take into account 
the lateral migration of oil and gas from one zone to another. 

Huge volumes of oil were generated during the 
Ordovician (SIBGEO 1991a), and Ambrose et al (2012c) 
noted that there is ample evidence of vertical migration to 
stratigraphically higher reservoir–seal couplets in areas 
such as the Toko Syncline in Qld (eg in Ethabuka-1 and 
The Brothers-1). However, they also noted that thermal 
alteration has destroyed these oil pools, as is shown by 
remnant layers of pyrobitumen in some places. During 
the gas phase in the southern basin, oil would have been 
displaced to more northerly areas, and during the ASO, this 
could have been complimented by in situ oil generation. 

Distal, more thermally immature portions of the basin to 
the north could host oil pools formed by lateral migration, 
but are unlikely to contain unconventional hydrocarbons 
(Ambrose et al 2012c).

Peak basin-wide geothermal activity probably occurred 
during the ASO, resulting in geothermal gradients that 
were higher than the present world average along much 
of the present southern basin margin (Dunster et al 
2007). However, significant earlier thermal events cannot 
be precluded. The mechanism to explain the variations 
in thermal maturity in the southern basin has yet to be 
resolved. SIBGEO (1992) attributed the variation in 
maturity in the southern basin to zones of hydrothermal 
activity, associated with basin margin thrusts and 
northwest-trending basement faults, and Dunster et al 
(2007) indicated that this is likely to have happened, at 
least on a local scale. Hand and Sandiford (1999) suggested 
that heat generated by the radioactive decay of radiogenic 
elements in high-heat-producing basement granites could 
have been introduced into overlying basin sedimentary 
rocks, and might explain the ancient and current high-
heat-flow zones in the southern Georgina Basin. Elevated 
thermal maturity in the middle Cambrian succession 
might also be due to the movement of hot brines through 
the Thorntonia Limestone during the ASO (Glikson 1999, 
Ambrose et al 2001a). 

Initial oil migration in the southern basin probably 
coincided with loading by Ordovician sediments, which are 
more than 2500 m thick in the Toko Syncline (Ambrose et al 
2001a, Gibson et al 2007, Ambrose et al 2012c). This was 
complemented by later generation and migration during the 
ASO, suggesting that structures related to the this orogeny 
could well be significant conventional oil targets (Ambrose 
and Putnam 2007, Boreham and Ambrose 2007 and Volk 
et al 2007). A number of lines of evidence, including 
burial and maturation history modelling (Ambrose et al 
2001a, Duddy and Gibson 2002, Gibson and Duddy 2006, 
Gibson et al 2007, Boreham and Ambrose 2007), and basin 
modelling and petrological studies (Ambrose and Putnam 
2007, Boreham and Ambrose 2007, Volk et al 2007) clearly 
indicate at least two phases of oil migration, and suggest 
that oil expulsion may have occurred intermittently over 
a long timeframe, to as late as Permian or even later. 
SIBGEO (1991a) estimated that about 40 billion tonnes of 
hydrocarbons have been migrated from source intervals 
within the lower Arthur Creek Formation in the southern 
Georgina Basin.

reServoIr rock unItS

The reservoir potential of the Georgina Basin has been 
discussed in a number of previous studies, including Eyre 
(1989), Nicolaides (1991, 1995), Questa (1994), Ambrose 
et al (2001a), Dunster et al (2007) and Ryder Scott (2010). 

Although records from many drillholes and water bores 
indicate that porous and permeable rocks occur throughout 
the basin, the overall porosity of the succession is low. 
Georgina Basin sedimentary rocks have been subjected 
to a complex diagenetic history that has resulted in the 
almost complete destruction of primary, and subsequent 
development of secondary porosity and permeability. 
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Higher porosities are usually developed as secondary 
intercrystalline and vuggy intervals in zones of generally 
no more than a few centimetres thick. Porosity in clastic 
rocks in the subsurface is predominantly intercrystalline 
and intergranular, and has developed from the partial 
dissolution of replacive dolomite, with some minor 
intragranular-, mouldic- and microporosity developed 
from the partial dissolution of feldspar grains and rock 
fragments, and the minor corrosion of quartz overgrowths 
(Eyre 1989, Nicolaides 1991, 1995, Questa 1994). Rare 
fracture porosity is developed in some feldspar grains 
and rock fragments. Although porosity may be uniformly 
distributed throughout various clastic and carbonate rock 
intervals, most of the pores are small with only limited 
interconnection. In places, open fractures and vugs 
provide considerable secondary porosity in carbonate 
rocks. Groundwater solution has enhanced near-surface 
reservoir properties; for example, in the northern part of 
the basin (Brunette Downs area), carbonate rocks of the 
Wonarah Formation are commonly vuggy and cavernous, 
and provide good volumes of water for stock and domestic 
use (Questa 1994). However, this porosity and permeability 
is generally related to Cenozoic weathering and is not 
relevant to assessments of petroleum reservoirs. 

Potential conventional reservoirs exist in a number of 
units in the southern Georgina Basin, including the Mount 
Baldwin Formation, Red Heart Dolostone, middle and upper 
Thorntonia Limestone, upper Arthur Creek Formation, 
Steamboat Sandstone, Arrinthrunga Formation, Hagen 
Member of the Chabalowe Formation and Kelly Creek 
Formation. Possible reservoirs might also be present in 
Neoproterozoic and other Palaeozoic units, but these have 
generally not been assessed in any detail. Some of the best 
visible porosity occurs in fractured and vuggy dolostone 
within the Cambrian succession. Such reservoir trends can 
be difficult to predict, although it should be possible to 
relate fracture fairways of interconnected vugs to faults 
and extension zones within folds (Dunster et al 2007). 
Porosity and permeability data for potential reservoirs in 
the southern basin are shown graphically in Figure 105. 

Neoproterozoic units

The Neoproterozoic succession of the southern Georgina 
Basin has generally not been assessed in any detail for 
its ability to reservoir hydrocarbons. Minor to moderate 
water flows have been registered from Neoproterozoic 
sedimentary rocks (Questa 1994), but porosities and 
permeabilities from the succession have generally proven 
to be very poor. However, Ambrose et al (2001a) reported 
a ‘porosity streak’ of 15% from a thin sandstone at the 
top of an upward-coarsening turbidite fan succession 
(interpreted as Elkera Formation) in Baldwin-1. Siliciclastic 
rocks, intersected in Baldwin-1, NTGS Elkedra-3, Exoil 
Huckitta-1, NTGS Huckitta-1, Hunt-1, MacIntyre-1 and 
exploration drillholes at base metals prospects, have only 
limited reservoir potential, because most porosity has been 
occluded by a silica cement (Dunster et al 2007). Ambrose 
et al (2001a) concluded that fracturing was the best prospect 
for reservoir quality improvement in Neoproterozoic 
siliciclastic rocks and noted that numerous argillaceous 

interbeds could provide adequate intraformational seals. 
In the northern part of the Georgina Basin, the thin 

succession has been generally considered to have low 
petroleum potential, and it is unexplored in most areas. 
However, high-quality potential source rocks are present 
in areas underlain by the Proterozoic McArthur Basin 
and, under conditions of late maturation/migration/
remigration during the Palaeozoic, it is possible that parts 
of the northern Georgina Basin (and overlying rocks) may 
have received a hydrocarbon charge. The most significant 
reservoir rock identified to date is the Bukalara Sandstone. 
In the vicinity of the Beetaloo Sub-basin of the McArthur 
Basin, this formation has yielded excellent porosities and 
permeabilities (Lanigan and Torkington 1991, Lanigan et al 
1994), and good hydrocarbon shows have been reported 
from the unit in drillhole Walton-1 (Lanigan and Ledlie 
1990b). The probable source rocks are part of the Roper 
Group of the underlying McArthur Basin succession, so the 
Bukalara Sandstone is therefore probably best considered 
as part of a Roper Group petroleum system. The formation 
is discussed in more detail under McArthur Basin: 
reservoir rock units.

Mount Baldwin Formation

The Mount Baldwin Formation (Walter 1980) overlies 
the Elkera Formation with angular unconformity, and is 
unconformably overlain by the Red Heart Dolostone. The 
formation is 60–320 m thick and consists of quartz sandstone, 
sublithic sandstone, quartz greywacke, siltstone, shale and 
minor subarkose. An alluvial fan-delta environment of 
deposition has been interpreted for the unit (Stidolph et al 
1988, Eyre 1994). Ichnofossils, together with the stratigraphic 
position of the formation beneath the middle early Cambrian 
Red Heart Dolostone indicate an early early Cambrian age 
(Dunster et al 2007). The formation is correlated with the 
Octy and Neutral Junction formations, the Adam Shale and 
possibly the Sylvester Sandstone. 

The few porosity and permeability measurements 
available from the early Cambrian succession in the southern 
basin (Figure 105a, d) indicate that the Mount Baldwin 
Formation might have some potential as a siliciclastic 
reservoir. Decimetre-thick sandstone intervals within this 
formation in Baldwin-1 have >12% porosity at hydrostatic 
confinement pressure (Dunster et al 2007), and Eyre 
(1989) measured porosities in the range 1.4–10.6% (average 
5.8%) for seven samples of the formation from NTGS 
Huckitta-1 and -5. Glauconitic and feldspathic sandstone of 
this formation has consistently higher porosity than more 
tightly cemented quartz sandstone (Eyre 1989, Questa 
1994). Porosity is generally secondary, and is the result of 
the partial to complete dissolution of authigenic clay and 
feldspar grains. Permeabilities are generally very low in 
unweathered samples of this formation, and are in the range 
0.001–0.236 mD (average 0.08 mD) in NTGS Huckitta-1 and 
-5 (Eyre 1989). Permeabilities of nearly 1 D were reported 
by Questa (1994) from shallow stratigraphic drillholes, but 
this is almost certainly due to modern weathering processes 
(Dunster et al 2007). Reservoir quality might be improved 
by fracturing associated with numerous fault and joint sets 
(Ambrose et al 2001a).
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Red Heart Dolostone

The Red Heart Dolostone (Walter in Walter et al 1979) 
denotes the first Palaeozoic carbonate package within the 
Georgina Basin succession. It is probably disconformable 

on the Adam Shale or, where this is absent, unconformable 
on the Grant Bluff Formation or on basement rocks, and 
is disconformably overlain by the Thorntonia Limestone. 
The formation ranges in thickness from just 9 m in the type 
section in HAY RIVER to an estimated 126 m in uncored 
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drillhole Huckitta-1. In the type section, the formation 
consists of stylolitic, mottled, brecciated and vuggy 
dolostone above a basal arkose or sandstone, with thin 
mudstone interbeds. Where exposed in the Desert Syncline 
area (HAY RIVER), it consists of a basal sandstone and 
quartzic siltstone grading upwards into dolomitic sandstone 
and quartzic dolostone. Other rock types include dolomitic 
granule conglomerate and marly mudstone (Walter et al 
1979, Kruse et al 2002a, Dunster et al 2007). The Red Heart 
Dolostone contains small skeletal fossils and reef-building 
archaeocyaths that indicate a middle early Cambrian 
age (Kruse and West 1980, Laurie 1986). The basal beds 
accumulated in a low- to high-energy marginal marine 
environment, whereas the remainder of the formation was 
deposited under shallow-marine conditions (Kruse and 
West 1980, Kennard 1991).

The Red Heart Dolostone locally contains significant 
visible vuggy and fracture porosity. A descriptive study 
by Nicolaides (1991, 1995), based on selected Pacific’s, 
concluded that significant secondary intercrystalline and 
vuggy porosity is restricted to centimetre-thick intervals, 
and the Red Heart Dolostone, intersected in Baldwin-1 
and Phillip-2, was mainly tight. However, Hunt-1 had 
some vuggy porosity in the upper Red Heart Dolostone 
(Figure 106a), and Hacking-1 intersected several metres 
of fractured carbonate just above basement. The limited 
quantitative porosity and permeability data for this unit 
(Figure 105a, d) probably understate the reservoir potential 
(Questa 1994, Dunster et al 2007). Minor oil shows have 
been recovered from this formation. This includes a minor 
heavy oil bled from a cored interval at Hacking-1, and 
trace amounts of biodegraded oil that were extracted from 
formation water recovered during testing of the unit at 
Phillip-2 (Questa 1994). Oil bleeds were also recorded from 
NTGS Elkedra-7A, and minor oil fluorescence from putative 
Red Heart Dolostone (Errarra Formation of Stidolph et al 
1988) in Ammaroo-2.

Thorntonia Limestone

The middle Cambrian Thorntonia Limestone is described 
above under Source rock units. The presence of migrated 
oil within the formation is shown by the presence of oil 
shows and/or bitumen in a number of wells, including 
Hunt-1, Baldwin-1, NTGS Elkedra-7A, MacIntyre-1, 
NTGS99/1, Owen-2 and -3 (Figure 107), Ross-1 and cored 
mineral drillhole BHD9. Some of the best visible porosity 
in the southern Georgina Basin occurs in this formation, 
which is laterally extensive and the main target conventional 
reservoir. This includes interconnected fracture and vuggy 
porosity and intergranular porosity (Figures 106b, 108a) 
in dolomitised bioclast and ooid-intraclast grainstone 
(Ambrose et al 2001a, Dunster et al 2007, Figure 105b, d). 
Ryder Scott (2010) reported fair to good log porosity ranging 
up to 14% or more from the formation, and good fracture 
permeability, but noted that core recoveries are poor, and that 
the porosity and permeability measurements are generally 
unreliable, as is typical of highly fractured deposits. In 
general, improved permeabilities occur in fractured, vuggy 
upper Thorntonia Limestone, and this probably relates in 
part to karst development (Ambrose et al 2001a). In Ross-1, a 

16 m DST of a porous interval that straddles the Thorntonia 
Limestone–Arthur Creek Formation contact flowed water at 
504 bwpd, but the reservoir was badly damaged, precluding 
higher flow rates (Ambrose et al 2001a). No quantitative 
porosity and permeability data are available for this section, 
because the slimhole core was too disaggregated to analyse 
(Dunster et al 2007). A 20 m DST conducted over the same 
stratigraphic interval in MacIntyre-1 recovered water and 
water-cut mud, and confirmed porosity and permeability 
(Ambrose et al 2001a). 

Arthur Creek Formation

The middle Cambrian Arthur Creek Formation (see above 
under Source rock units) is widespread across the southern 
Georgina Basin and has potential as both a conventional and 
an unconventional reservoir unit. Conventional potential 
is mainly supplied by coarser-grained facies in the upper 
part of the formation that were interpreted by Ambrose and 
Putnam (2007) as grainstone shoals, sandy tempestites/
debris flows, thick incised channel facies, submarine fans 
and abandoned channels (Figure 109). These potential 
reservoirs have a widespread distribution, and Ambrose et al 
(2001a) noted that they can be recognised over a distance of 
more than 50 km from Baldwin-1 and MacIntyre-1. Sand 
content generally increases to the north and east (eg, towards 
Owen-2, Mulga-1). Porosity and permeability vary with rock 
type and degree of diagenesis up to a maximum permeability 
of 1.14 D, and a corresponding porosity of 14.6% within a 
15 m gross reservoir thickness in MacIntyre-1 (Dunster 
et al 2007, Figure 105b, d). Interstitial and vuggy porosity 
are both present (Ambrose and Putnam 2006, Dunster 
et al 2007, Figures 106c, 108b). Under conditions of low 
permeability, these facies could also be worthwhile targets 
for unconventional oil and gas (DSWPET 2011b, Ambrose 
et al 2012c).

The lower Arthur Creek Formation has been targeted 
for its unconventional reservoir potential, and is currently 
being subjected to extensive exploration campaigns in 
both the NT and Qld. As well as shale gas and oil, there 
is potential for unconventional oil and gas reservoirs in 
interbedded fine sandstone, siltstone and porous carbonate 
intervals (Ryder Scott 2010, DSWPET 2011b, Ambrose et al 
2012c). Wells drilled through source intervals in the lower 
part of the formation have commonly encountered oil and 
gas shows (Questa 1994), demonstrating the potential of 
this part of the succession. The horizontal wells Baldwin-
2Hst1 and MacIntyre-2H, drilled in 2012, also recorded 
elevated gas readings and evidence of heavier hydrocarbons 
(PetroFrontier 2013b). Owen-3 and its horizontal extension 
Owen-3H tested the unconventional oil potential of the 
formation in a less thermally mature, more northerly part 
of the southern basin, and encountered oil seepages and oil 
fluorescence (PetroFrontier 2013b). However, stimulation 
of the reservoirs in all these horizontal wells has yet to 
meet with appreciable success, and there have been no 
significant oil or gas flows to surface. More deeply buried 
areas of the formation along the southern margin, such as 
the Dulcie and Toko synclines, are likely to be dry gas-
prone or overmature, with maturity decreasing through 
the wet gas and oil windows towards areas in the north 
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Figure 106. Vuggy porosity in core for selected reservoir units (after Dunster et al 2007). (a) Upper Red Heart Dolostone in Hunt-1. (b) 
Thorntonia Limestone in Ross-1. (c) Upper Arthur Creek Formation in Owen 2. (d) Hagen Member of Chabalowe Formation in Baldwin-1.
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and northeast that are immature (see Source rock units). 
PetroFrontier (2013b) reported porosities in the range 1–9% 
and permeabilities in the range 0.001–20 mD for the lower 
part of the formation, but details are lacking. 

Steamboat Sandstone

The Steamboat Sandstone is conformable above the 
Arthur Creek Formation and beneath the Arrinthrunga 
Formation in the NT. The formation ranges in thickness 
from 17 m to 221 m, and consists of quartz sandstone and 
calcareous sandstone, with interbeds of quartzic grainstone 
and quartzic dolostone, and minor siltstone. It contains a 
diverse fauna of trilobites that indicates a latest middle 
Cambrian (Boomerangian) age (Shergold et al 1985, 
Shergold 1997). The formation is interpreted to have been 
deposited as a nearshore sand (Reynolds and Pritchard 
1964) to a shallow-marine (Harrison 1979), platform-edge 

grainstone (Southgate and Shergold 1991), and was possibly 
a shallow-marine barrier bar system that rimmed peritidal 
flats represented by the Arrinthrunga Formation.

The late Cambrian Steamboat Sandstone is regarded 
as a significant conventional reservoir target in the 
southern Georgina Basin to the east of Baldwin-1. It has 
fair to good measured porosity, and excellent permeability 
is supplied by fractures, where present (Ryder Scott 
2010). In Owen-2, where the formation is about 50 m 
thick, individual sandstone beds of 10–15% porosity and 
15 –95 mD permeability have been described (Questa 
1994, Dunster et al 2007, Figure 105b). However, the net/
gross ratio is low in this well and an upper seal is missing 
(Ambrose et al 2001a). In Hacking-1, a porosity of 14.5% 
was described for an interval of ‘calcareous and dolomitic 
sandstone at the base of the Arrinthrunga Formation’ 
(Weste 1989b), which was later reinterpreted as Steamboat 
Sandstone by Dunster et al (2007). The formation is about 
30 m thick in this well, according to Dunster et al, but the 
reservoir interval was interpreted as being just 7.4 m thick 
by Ryder Scott (2010), who indicated an average porosity 
of about 8%. Porosity is primarily intergranular in the 
Steamboat Sandstone in Hacking-1, and is due mainly 
to the dissolution of carbonate cement. However, quartz 
overgrowths postdate the dolomitisation of the reservoir, 
and have resulted in a reduction of the original porosity 
(Ryder Scott 2010). 

Hagen Member (Chabalowe Formation)

The basal Hagen Member of the late Cambrian Chabalowe 
Formation (see above under Source rock units) has sheet-
like extent and, in the southwestern portion of the basin, 
comprises reservoir-quality dolostone with subordinate 
grainstone at the base, overlain by a massive bedded 
anhydrite seal (Ambrose et al 2001a). Gross reservoir 
thickness can reach up to 70 m within the Dulcie Syncline 
in the western portion of the southern basin (Ryder Scott 
2010). Dolostone porosity is related to connected vugs 
(Figure 105d) that, in several cases, has resulted in 
lost circulation during drilling (Ambrose et al 2001a). 

globules of oil in large vug

oil stain in natural fracture

oil stain in small vug (pinpoint porosity) A14-103.ai

Figure 107. Oil Stains in small vugs and natural fractures in 
Thorntonia Limestone in Owen-3 pilot hole at 1107 m depth. From 
PetroFrontier Corp website (http://www.petrofrontier.com/index.
php?page=drilling_campaign; accessed March 2014).

Figure 108. Thin section photomicrographs of Cambrian reservoir rocks (after Ambrose et al 2001a). (a) Vuggy porosity in bioclast 
dolograinstone, middle Thorntonia Limestone in NTGS 99/1. (b) Interstitial porosity, modified by dolomitisation, in peloidal intraclast 
dolograinstone of upper Arthur Creek Formation in MacIntyre-1. (c) Interstitial porosity, modified by dolomitisation, in peloid grainstone 
of Hagen Member of Chabalowe Formation in Randall-1.

a b c

http://www.petrofrontier.com/index.php?page=drilling_campaign
http://www.petrofrontier.com/index.php?page=drilling_campaign
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At least some vugs may have resulted from secondarily 
enlarged intergranular porosity in peloid/intraclast 
dolograinstone (Figure 108c), and the lower Hagen 
Member in Elkedra-6 and Elkedra-7 includes very coarse, 
cross-bedded intraclast dolograinstone, locally with good 
visual porosity (Morris 1986). In Randall-1, a flow of 
300 bwpd was recorded from a DST across the Arthur 
Creek Formation–Hagen Member contact (Wakelin-King 
1992) and a net permeability of 6.7 mD was calculated for 
this interval. The recorded negative skin factor may reflect 
natural fractures connecting vugs. Core plugs of selected 
vuggy carbonate from this interval have 8–14% porosity 
and up to 3600 mD permeability (Figure 105c), and the 
same stratigraphic interval in Lucy Creek-1 flowed large 
quantities of water at 31 200 bwpd (Dunster et al 2007). 

Arrinthrunga Formation

The Arrinthrunga Formation (see above under Source 
rock units) is another good, late Cambrian potential 
reservoir, as is demonstrated by numerous oil shows 
and other petroleum indicators in wells intersecting the 
formation, including Baldwin-1, Owen-2, Ross-1, Phillip-2, 
Hacking-1, Lucy Creek-1 and Macintyre-1 (Questa 1994, 
Dunster et al 2007). Some of the carbonate rocks within 
the formation exhibit very high porosity and permeability 
(Figure 105c). In Hacking-1, calcareous and dolomitic 
sandstone at the base of the Arrinthrunga Formation has 
up to 14.5% visible porosity and selected samples exhibited 
permeabilities ranging between 11 and 155 mD (Weste 
1989). In Lucy Creek-1, limestone and dolostone commonly 

Figure 109. Palaeoenvironmental interpretation and facies relationships for middle to late Cambrian units of the southern Georgina 
Basin (after Ambrose and Putnam 2007). (a) Facies architecture of Steamboat Sandstone and Arthur Creek Formation. (b) Diagrammatic 
northwest–southeast cross-section showing stratigraphic succession and facies relationships.
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contain good vuggy and intercrystalline porosity exceeding 
20%, and the basal part of the formation produced water at 
the rate of 31 200 bwpd from vuggy porosity (Pemberton 
1967). Cavernous porosity was also reported over a nearly 
2 m-thick interval in Phillip-2, but its lateral extent is 
not known (Wakelin-King and Weste 1989). In Mulga-1, 
dolostones of the Arrinthrunga Formation were highly 
porous and permeable due to fractures and joints that might 
be related to crestal fracturing (Laing 1965). Large flows of 
water (up to 43 200 bwpd) were obtained during air drilling 
from this well. 

Kelly Creek Formation

The Kelly Creek Formation (Smith 1972) conformably 
overlies the Tomahawk Formation in the west, and 
conformably to locally disconformably overlies the 
Ninmaroo Formation further to the east (Reynolds 1968, 
Jones et al 1971) or, where this formation is absent, 
unconformably overlies the Georgina Limestone. It is 
conformably overlain by the Coolibah Formation or, where 
this is absent, by the Nora Formation. The Kelly Creek 
Formation can be divided into informal lower and upper 
portions. The lower portion comprises calcareous and 
dolomitic quartz-lithic and quartz ± glauconite sandstone, 
intraclast–lithoclast–bioclast dolostone, siltstone, and 
minor conglomerate and coquinite. The upper portion 
consists of quartzic to sucrosic dolostone, dolomitic quartz 
sandstone, dolomudstone, quartzic dolomitic limestone and 
minor conglomerate. In general, the proportion of carbonate 
within the formation diminishes westward (Dunster et al 
2007). The formation is 92 m thick in the NT, but thickens to 
the east in Qld (Gausden 1980). A sparse fossil assemblage 
is present, with conodont faunas suggesting an age of early 
Early Ordovician (early Warendan to early Floian; Druce in 
Shergold 1979a, revised according to Shergold and Nicoll 
1992). A peritidal to unrestricted open-marine depositional 
environment has been interpreted for the formation 
(Shergold and Druce 1980).

Potential reservoirs are present in the Early Ordovician 
Kelly Creek Formation, which flowed gas at 7080 m3/day 
(0.25 mmscfd) from an upper sandstone interval when 
tested in Ethabuka-1 (Radke and Duff 1980) in the Toko 
Syncline in Qld. This remains the only significant, technical 
petroleum discovery in the Georgina Basin to date. Water 
flows from a number of bores confirm the development 
of permeability and porosity within the formation, and 
common hydrocarbon shows in the unit indicate its potential 
as a reservoir, given a suitable structural setting (Questa 
1994). Samples of the sandstone and underlying dolostone 
from this formation in GSQ Mount Whelan-2 (Qld) were 
analysed by Radke and Duff (1980). The sandstone has a 
high average porosity (19–20%) and permeability (both 
horizontal, 241–314 mD, and vertical, 54–144 mD). Porosity 
results from a combination of primary interparticle and 
secondary mouldic components, although interparticle 
pores have been partially reduced by carbonate cements. 
Mouldic porosity has apparently formed from the leaching 
of carbonate particles in the sandstone. The underlying 
107 m-thick dolostone in Mount Whelan-2 has an average 
porosity of 11%, an average horizontal permeability of 

234 mD and a vertical permeability of 27.8 mD (Radke 
and Duff 1980). Porosity is dominantly intercrystalline 
throughout the unit, with lesser vug, channel, fracture 
and breccia types; it developed late in diagenesis, during 
and after pervasive dolomitisation of the succession. 
Permeability is variable vertically, being generally low, but 
with random higher values (Radke and Duff 1980). 

Other potential reservoir units

There are a number of other units with conventional 
reservoir potential at various levels within the Georgina 
Basin succession, but these intervals have generally not 
been targeted in exploration campaigns and most are yet to 
be investigated in detail. 

Andagera Formation
The Neoproterozoic? Andagera Formation (Bagas et al 
in Stidolph et al 1988) consists of pebble to boulder 
conglomerate, coarse to pebbly sandstone, and minor 
red siltstone, and has some potential as a reservoir rock. 
Visible porosity and a small oil ‘bleed’ were reported from 
Andagera Formation sandstone in Randall-1 by Wakelin-
King (1992). Three samples of the formation from this well 
yielded porosities in the range ca 6–15%, but relatively low 
permeabilities of 0.02–10 mD (Questa 1994: figure 19a). 

Wonarah Formation
The Wonarah Formation (Kruse and Radke 2008) is 
widely distributed through the Undilla Sub-basin and 
Alexandria-Wonarah Basement High. It is an essentially 
platformal marine unit, comprising silty dolostone with 
calci-/dolomudstone and siliciclastic mudstone interbeds, 
micaceous siltstone, and minor intraclast and bioclast 
wacke- to grainstone. The formation is unassessed as a 
reservoir rock, but Questa (1994) noted that it is commonly 
vuggy and cavernous, and provides good volumes of water 
for stock and domestic use. 

Tomahawk and Ninmaroo formations
The laterally equivalent Early Ordovician Tomahawk and 
Ninmaroo formations both have some reservoir potential, 
although neither have been targeted by explorers in the NT. 
The Tomahawk Formation (Kruse et al 2002a) is dominated 
by siliciclastic rocks and deposited on a broad marine 
platform under mostly littoral to sublittoral conditions, 
locally subject to reversing tidal currents, but extending 
into moderately deep settings subject to storm wave action 
(Brakel in Kruse et al 2002a). It interfingers laterally to the 
east and southeast with the more carbonate-rich Ninmaroo 
Formation, which was deposited on a broad epeiric 
marine platform under normal open-marine to restricted 
and emergent evaporitic conditions, subject to recurring 
high-energy episodes (Radke 1980, 1981, in Druce et al 
1982). Very little information is available on the reservoir 
quality of the Tomahawk Formation. Questa (1994) noted 
‘reasonable water flows’ from the formation and speculated 
that this might indicate possible reservoir development. The 
Ninmaroo Formation (Smith 1972) contains indications of 
hydrocarbons in the form of bitumens that infill interparticle 
pores in limestone, in a breached domical structure in the 
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Burke River Structural Belt in Qld (Shergold 1979b). Source 
rock studies indicate that these hydrocarbons were formed 
at oil maturation temperatures. Shergold interpreted the 
occurrences as indicating that hydrocarbons had migrated 
through the formation and had become trapped in domical 
structures. It is therefore possible that a conventional 
accumulation might be present in this formation under 
favourable trap conditions. 

Other Ordovician units
Questa (1994) considered the Coolibah Formation and 
Carlo Sandstone to have reasonable reservoir potential, but 
provided little detail, and the reservoir characteristics of 
these units have not been closely studied in the NT. Both 
formations occur mainly in the southeast of the basin, 
and thicken towards the axis of the Toko Syncline and 
in the direction of its plunge. The Coolibah Formation is 
a carbonate-dominated unit, deposited under intertidal 
to shallow subtidal marine conditions, whereas the Carlo 
Sandstone is a shallow-marine succession of thickly to 
medium-bedded, fine- to medium-grained quartz sandstone. 
These units are similar in age to the Larapinta Group of the 
Amadeus Basin, which has been developed for its oil and 
gas reserves in the Amadeus Basin, but differ in that they 
are not closely associated with a productive source rock like 
the Horn Valley Siltstone. 

SealS

Ambrose et al (2001a) noted that horizontal permeability is 
always far greater than vertical permeability in the Georgina 
Basin succession, and this reflects an abundance of seal 
lithofacies. Seals are supplied by both intraformational 
intervals and regionally extensive formations, and may 
comprise impermeable carbonate rocks, silica-cemented 
mixed carbonate-siliciclastic rocks, mobile evaporitic 
rocks, and shale. The main top seals in the basin, pertinent 
to hydrocarbon entrapment, are shale of the basal Arthur 
Creek Formation and evaporite seals in the lower Hagen 
Member. The Arthur Creek Formation also provides 
source, reservoir and seal (by definition) for unconventional 
accumulations within this formation. 

The following possible target reservoir–seal couplets 
are present within the Georgina Basin in the NT (Burgard 
1992, Questa 1994, Ambrose et al 2001a, Ambrose and 
Putnam 2006, Ambrose and Putnam 2007, Dunster et al 
2007, Central Petroleum 2009a):

•	 Intraformational fine-grained clastic rocks (seal) over 
coarser-grained siliciclastic rocks (reservoir) in the 
Neoproterozoic succession of the southern basin.

•	 Fine-grained siliciclastic rocks of Neoproterozoic Cox 
Formation and early Cambrian Helen Springs Volcanics 
of Kalkarindji Suite (regional seals) over Neoproterozoic 
Bukalara Sandstone (reservoir) in the northern part of 
the basin (see also McArthur Basin: Seals).

•	 Impervious carbonate rocks of early Cambrian Red 
Heart Dolostone, or intraformational fine-grained 
clastic rocks (regional seal and seal respectively) over 
coarser-grained siliciclastic rocks of early Cambrian 
Mount Baldwin Formation (reservoir).

•	 Intraformational impervious carbonate rocks (seal) 
over intervals of secondary intercrystalline and vuggy 
porosity (reservoir) in Red Heart Dolostone.

•	 Shale (‘hot shale’) of middle Cambrian lowermost 
Arthur Creek Formation (source and regional seal) 
over intervals of secondary intercrystalline and vuggy 
porosity in dolostone in middle Cambrian Thorntonia 
Limestone (source and reservoir).

•	 Intraformational shale or dolostone (seal) over coarser-
grained facies in upper Arthur Creek Formation 
(reservoir).

•	 Intraformational, massive bedded gypsum and 
anhydrite (seal) over intervals of secondary vuggy and 
intercrystalline porosity in dolostone (reservoir) in late 
Cambrian Hagen Member of Chabalowe Formation, 
particularly in the southwestern portion of the basin.

•	 Red beds of upper Chabalowe Formation (regional seal) 
above reservoirs in upper Arthur Creek Formation and 
middle Cambrian Steamboat Sandstone.

•	 Mixed siliciclastic, evaporitic and carbonate rocks of 
Arrinthrunga Formation (intraformational seal and seal, 
respectively) above carbonate rocks in Arrinthrunga 
Formation, and Steamboat Sandstone (reservoirs).

•	 Basal carbonate rocks of Middle Ordovician Coolibah 
Formation (regional seal) over sandstone and dolostone 
of Early Ordovician Kelly Creek Formation (reservoir).

•	 Fine-grained siliciclastic rocks of Middle Ordovician 
Nora Formation (regional seal) over carbonate rocks of 
Coolibah Formation (reservoir).

•	 Fine-grained siliciclastic rocks of Late Ordovician 
Mithaka Formation (regional seal) over Late Ordovician 
Carlo Sandstone (reservoir).

The role of fault seals in the basin has not been closely 
investigated, but it is possible that they may be involved in 
some plays, especially in the southern basin. In particular, 
it is possible that marginal faults, including growth 
faults, might provide lateral seals for reservoirs in the 
Neoproterozoic succession, much of which was deposited 
in a series of northwest-striking rift basins that underlie 
the Palaeozoic strata. Faults could exhibit either sealing 
or leaking characteristics, depending upon fault geometry, 
the relative juxtaposition of lithologies in hangingwalls and 
footwalls, the types of lithologies that have been faulted, 
and the history of reactivation.

petroleum SyStemS

The Georgina Basin contains elements of the prospective 
early Palaeozoic Larapintine Petroleum Supersystem 
(Bradshaw 1993, Draper 2000), which includes producing 
fields in the nearby Amadeus Basin to the southwest. It is 
uncertain as to whether or not the Neoproterozoic Centralian 
Petroleum Supersystem of Bradshaw et al (1994) is also 
present within the basin, as it is in the Amadeus Basin; 
there are no known hydrocarbon shows in correlative rocks, 
which remain very underexplored. 

The Larapintine Supersystem comprises three 
recognised conventional petroleum systems with regional 
extent in the southern Georgina Basin, which were 
distinguished by Boreham and Ambrose (2007) on the 
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basis of: (1) known biomarkers; (2) bulk carbon isotopes 
of saturated and aromatic hydrocarbons; and (3) n-alkane-
specific carbon isotopes. The Thorntonia(!) Petroleum 
System includes source rocks of the Thorntonia Limestone 
with the dominant reservoir–seal couplet being the 
Thorntonia Limestone / basal Arthur Creek Formation black 
shale (‘hot shale’). The Arthur Creek(!) Petroleum System 
includes source rocks of the Arthur Creek Formation and 
intraformational reservoir–seal couplets within the middle 
and upper parts of this formation. The Hagen(!) Petroleum 
System includes source rocks of the Hagen Member and 
encompasses basal grainstones sealed by intraformational 
evaporites. This is volumetrically the least important of the 
three systems and is only significant in the western part of 
the Georgina Basin in the NT. Some intermixing of source 
rock oils was recognised in a number of wells by Boreham 
and Ambrose (2007), but the degree of mixing between 
end-member oil types remains uncertain. This suggests 
that there may be a range of petroleum systems, involving 
inter- and intraformational juxtaposition of source and 
reservoir, and relatively short migration distances. Oil stains 
reservoired within the Chabalowe Formation show a close 
affinity with oil stains from the Arthur Creek(!) Petroleum 
System, suggesting an interformational Arthur Creek–
Hagen(!) Petroleum System at Elkedra-2 and Elkedra-7A. 
There is also a mixed Thorntonia(!) Petroleum System and 
Arthur Creek–Thorntonia(!) Petroleum System at Ross-1 
(Boreham and Ambrose 2007).

DSWPET (2011b) defined a total petroleum system 
(Arthur Creek Formation Total Petroleum System) to 
include all unconventional petroleum resources within 
this formation. Three assessment units (AUs) were also 
recognised, based on a rationale of dominant lithotype(s), 
hydrocarbon shows and thermal maturity; these are the 
Upper Arthur Creek Formation Continuous Gas AU, 
Lower Arthur Creek Formation Continuous Gas AU, 
and Lower Arthur Creek Formation Continuous Oil AU. 
The relationships of this total petroleum system to the 
conventional petroleum systems defined by Boreham and 
Ambrose (2007) were not discussed by DSWPET (2011b), 
but it appears to be broadly equivalent to the Arthur Creek(!) 
Petroleum System. 

technIcal dIScoverIeS

Despite the presence of abundant petroleum shows and 
indicators within the Georgina Basin succession, no 
commercial accumulations have yet been found, and there 
has been only one significant technical discovery. This was 
a sub-commercial dry gas flow of an estimated 7080 m3/day 
(0.25 mmscfd) from the Ordovician Kelly Creek Formation 
at Ethabuka-l in the Toko Syncline in Qld (Radke and Duff 
1980).

proSpectIvIty

The Georgina Basin succession is prospective for both 
conventional and unconventional petroleum. The southern 
portion of the basin contains organically rich source 
rocks, reservoirs with effective vertical seals at various 
stratigraphic levels, and a variety of potential stratigraphic 

and structural traps. It contains several identified petroleum 
systems, but none has yielded commercial volumes of 
hydrocarbons to date. The Neoproterozoic–early Cambrian 
succession is prospective for conventional petroleum, but 
has received little attention from explorers to date. Middle 
Cambrian rocks are the main target for both conventional 
and unconventional accumulations, and there is also some 
potential for economic conventional petroleum in the late 
Cambrian–Ordovician succession. Underexplored portions 
of the basin to the north have only relatively thin successions 
and effective source rocks have not been identified, but 
potential reservoir–seal couplets are present, and some 
areas in the north might have received a petroleum charge 
from underlying Proterozoic source rocks of the McArthur 
and equivalent basins.

Diagenetic and post-diagenetic processes have resulted 
in the widespread destruction of original porosity and 
permeability in Georgina Basin sedimentary rocks, 
so that conventional reservoir quality is dependent on 
the subsequent development of secondary porosity and 
permeability (Questa 1994, Ambrose et al 2001a). A further 
problem is that water flushing and biodegradation has 
affected widespread areas of the basin, except for the Toko 
Syncline (Draper et al 1978). Matrix porosity is generally 
low, but reservoir quality could be enhanced where vuggy 
intervals are interconnected by fractures or joints. Fairways 
of improved reservoir quality might be present in areas 
where joint zones are common, especially near faults 
but, in general, reservoir trends are difficult to predict 
(Ambrose et al 2001a). There may be an improved chance 
of finding porous and permeable reservoirs in areas of early 
hydrocarbon generation and expulsion, as the presence of 
hydrocarbons in a reservoir tends to retard the diagenetic 
destruction of porosity and permeability. 

Reserve estimates for oil and gas in the southern Georgina 
Basin are poorly constrained and should be considered an 
approximate guide only. Ryder Scott (2010) calculated the 
unrisked Undiscovered Oil Initially In Place (UOIIP) for 
lower Arthur Creek Fm ‘hot shale’ unconventional reservoirs 
in the NT tenements of PetroFrontier Corporation to range 
from 191 990 mmbbl (low) to 360 810 mmbbl (high), with a 
best estimate of 268 840 mmbbl. The unrisked Recoverable 
Oil Resource for the same interval was calculated to range 
from 13 730 mmbbl (low) to 38 890 mmbbl, with a best 
estimate of 26 420 mmbbl (table 2). Ryder Scott (2010) also 
calculated the potential conventional oil resources for three 
mapped closures involving the Thorntonia Limestone, Arthur 
Creek Formation ‘shoal’, Hagen Member and Steamboat 
Sandstone. The total unrisked UOIIP was calculated to 
range from 3948.3 mmbbl (low) to 12 154.3 mmbbl (high), 
with a best estimate of 7088.8 mmbbl. The majority of 
this was reservoired in the Thorntonia Limestone. The 
unrisked Recoverable Oil Resource for the same mapped 
closures was calculated to range from 596.7 mmbbl (low) 
to 2018 mmbbl (high), with a best estimate of 1116.4 mmbbl 
(table 3). Ryder Scott noted that all the above resource 
figures were subject to considerable uncertainty in regards 
to reservoir parameters, and the upside area of production 
used to produce high estimate Prospective Recoverable 
Resources was therefore capped at 30% of the total play or 
AU area. 
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No estimate is available for the potential shale gas 
resources in the NT portion of the Georgina Basin. 
However, Rawsthorn (2013) calculated a Best Estimate 
Recoverable Resource of 50 000 Bscf (53 023 PJ) for the 
Arthur Creek Formation shale gas play, for the whole of the 
southern Georgina Basin in both Qld and the NT (table 5). 
For Central Petroleum’s tenements in the Toko Syncline and 
adjacent areas of the southeastern part of the basin in Qld, 
DSWPET (2011b) estimated total mean unconventional 
probabilistic Prospective Recoverable Resources for the 
Arthur Creek Formation of about 33 000 Bscf (34 995 PJ) 
of gas and 5000 mmbbl of oil. 

conventional petroleum

Conventional stratigraphic and structural play types were 
discussed and summarised in Questa (1994), Ambrose et al 
(2001a, b), Ambrose and Putnam (2006, 2007), Dunster 
et al (2007), Ryder Scott (2010) and Kruse et al (2013). 
Conceptual structural targets invoked by Dunster et al 
(2007) for the southern Georgina Basin included proximity 
to early-mature troughs, the presence of structures 
associated with Ordovician faults, a lack of deformation 
during later phases of the ASO, and suitable reservoir–
seal combinations at drillable depths. Stratigraphic plays 
should be abundant within the basin, although these might 
be very difficult to define. Seismic data would be required 
to reveal them, as subsurface expression is often concealed 
by relatively flat-lying post-Cambrian sediments. Traps 
that are not associated with faults may be more likely to 
retain accumulated hydrocarbons than conventional fault-
dependent structures, as faults may have been reactivated 
during the several periods of tectonism that have affected 
the basin (Questa 1994). Most exploration for conventional 
petroleum in the southern basin has targeted subtle 
structural plays, but no wells in the NT have been positioned 
on a definite structural closure, as defined by seismic data.

Ambrose et al (2001a, b), Ambrose and Putnam 
(2007) and Dunster et al (2007) considered the most 
important targets in the southern basin to be stratigraphic/
structural traps involving middle Cambrian source rocks, 
in particular the Thorntonia Limestone and lower Arthur 
Creek Formation ‘hot shale’. Basin modelling, summarised 
in Ambrose and Putnam (2007) and Dunster et al (2007), 
indicates that middle Cambrian source rocks over much of 
the southern Georgina Basin entered the oil window during 
the Ordovician, well before structuring associated with 
the ASO. Erosion associated with and subsequent to this 
orogeny has unroofed much of the southern basin, resulting 
in relatively shallow target depths of 300–1000 m. Initial 
oil migration in the southern basin probably occurred in 
the Ordovician and was followed by later generation 
and migration during the ASO, and possibly later (see 
Maturation and migration). Consequently, stratigraphic 
and structural traps formed at any of the various phases 
of the ASO could have received a hydrocarbon charge and 
might be prospective. Early-formed Cambrian stratigraphic 
and structural traps are also attractive targets. Oil migration 
from middle Cambrian source rocks might have charged 
potential reservoirs in the Thorntonia Limestone, upper 
Arthur Creek Formation, Steamboat Sandstone, Hagen 

Member and possibly other Cambrian–Ordovician units. 
A number of possible play types have been identified 

within the Cambrian–Ordovician succession of the southern 
basin. Conceptual structural and stratigraphic traps were 
discussed by Ambrose et al (2001a, b), Ambrose and Putnam 
(2007) and Dunster et al (2007). Structural traps include 
anticlinal traps generated from the interplay of northwesterly 
extensional normal faults and northeasterly transfer faults, 
active from the Early Ordovician. Maps showing conceptual 
structural targets for various stratigraphic levels are shown 
in Figure 110. Reactivation of many of these faults in the 
later stages of the ASO might have resulted in the breaching 
of some traps, or might have acted as seals and may have 
possibly enhanced vertical closure. 

A variety of possible stratigraphic traps have also 
been identified. These are particularly attractive, because 
reservoirs in stratigraphic traps may be preserved by early-
migrated hydrocarbons, whereas structural traps that 
formed during the ASO may have had their porosity and 
permeability occluded by diagenesis prior to the structuring 
(Questa 1994). Ambrose et al (2001a, b), Dunster et al (2007) 
and Ambrose and Putnam (2007) have described several 
stratigraphic and combined stratigraphic–structural traps in 
the southern Georgina Basin. Combination stratigraphic–
structural traps are possibly associated with several of the 
major faults. Some of the more significant plays include the 
following:

•	 Coarse-grained siliciclastic wedges in the Mount 
Baldwin Formation and its equivalents, developed 
downflank of palaeohighs. Combination stratigraphic–
structural plays are also possible.

•	 Up-dip pinchout plays involving the Red Heart 
Dolostone and Thorntonia Limestone reservoir facies. 
In the case of the latter formation, source rocks could be 
intraformational, or structurally down-dip lower Arthur 
Creek Formation ‘hot shale’. Shale in the basal Arthur 
Creek Formation and non-porous portions of the Red 
Heart Dolostone would provide top and bottom seals, 
respectively. 

•	 Structural–stratigraphic traps involving regionally 
extensive Thorntonia Limestone reservoir facies, with a 
basin-wide regional seal provided by basal Arthur Creek 
Formation organic shale.

•	 Structural traps involving juxtaposition of rubbly 
Thorntonia Limestone reservoir rocks with source rocks 
in the middle Thorntonia Limestone and overlying lower 
Arthur Creek Formation.

•	 Structural–stratigraphic traps involving regionally 
extensive, upper Arthur Creek Formation subtidal 
turbidite / debris flow and shoreline / shoal lithofacies, 
with a semi-regional seal provided by transgressive 
marine silty / shaly carbonate rocks (Figure 111). 

•	 Structural/stratigraphic traps involving lenticular 
shoreline / barrier / tidal channel, oolitic and calcareous 
sandstone lithofacies of the Steamboat Sandstone, with 
possible seal provided by tight carbonate facies in the top 
Arthur Creek Formation and overlying Hagen Member. 

•	 Structural–stratigraphic traps involving basal Hagen 
Member, near-shoreline, oolitic grainstone and 
calcarenite ‘shoal’ facies, top sealed by overlying 
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evaporite, with source and bottom seal provided by 
Arthur Creek Formation ‘hot shale’ (Figure 112). 

•	 Up-dip onlap of Thorntonia Limestone and Hagen 
Member onto basement. 

•	 Structural/stratigraphic traps involving Ordovician 
reservoir–seal couplets, including the Coolibah / Kelly 
Creek formations, Coolibah / Nora formations and Carlo 
Sandstone / Mithaka Formation.

There has been little consideration of possible 
Neoproterozoic play types in the southern basin. As noted 
by Draper et al (1978), this succession might be worthy of 
further investigation, as it is relatively thick and contains 
coarse-grained, siliciclastic potential reservoirs sealed 
by finer-grained intraformational rocks, that might form 

stratigraphic or combination structural–stratigraphic trap 
configurations. A large proportion of this succession was 
deposited within a series of fault-bounded half grabens and 
grabens (Greene 2010), which is a markedly different tectonic 
setting to that of the overlying Palaeozoic succession. Rift 
basin successions typically include coarse-grained facies 
developed proximal to active growth faults, and extending 
as debris flows / turbidites into more distal areas, and there 
may be structural–stratigraphic plays associated with these 
lithofacies and faults. A further viable structural/stratigraphic 
play that might be present in the Neoproterozoic and early 
Palaeozoic succession (Questa 1994) is related to possible 
supratenuous folding of these rocks over large, northwest-
trending basement anticlines that have been refolded about 
northeasterly axes, so as to produce complex, arcuate domes 
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Figure 111. Distribution of upper Arthur Creek Formation shoal and submarine fan plays (after Ambrose and Putnam 2007).
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and basins. These are developed in the Palaeoproterozoic 
Hatches Creek Group of the Tennant Region, and this terrane 
is interpreted to underlie parts of the southern Georgina Basin, 
such as the ELKEDRA and northwestern HUCKITTA areas 
(Stidolph et al 1988). Questa (1994) noted that seismic control 
would be required to locate these potentially hydrocarbon-
bearing traps. 

Questa (1994) considered the petroleum prospectivity 
of the relatively thin and unstructured succession of 
the central–northern Georgina Basin to be minimal. 
However, high-quality source rocks of the McArthur 
Basin succession and its equivalents are likely to 
underlie large areas of the northern basin, and there is 
ample evidence that hydrocarbons were generated and 
migrated/remigrated from these source rocks during the 
Palaeozoic (see McArthur Basin). In the northeast of 
the basin, the Neoproterozoic Bukalara Sandstone has 
excellent reservoir characteristics, and might be involved 
in stratigraphic or combination structural/stratigraphic 
traps, with seals provided by overlying fine-grained clastic 
rocks of the Cox Formation or Kalkarindji Suite volcanic 
rocks. Numerous oil shows have been described from the 
unit in drillhole Walton-1 (Lanigan and Ledlie 1990), 
where it unconformably overlies excellent source rocks of 
the middle Velkerri Formation of the Beetaloo Sub-basin 
(McArthur Basin). It is possible that other parts of the 
northern part of the Georgina Basin succession might have 
similarly received a hydrocarbon charge, although there 
has been only limited petroleum exploration activity in the 
region to date. 

unconventional petroleum

There is considerable potential for unconventional 
basin-centred gas and oil plays over vast areas of the 
southern Georgina Basin, and recent discussions of the 
unconventional potential of the basin are in Ryder Scott 
(2010), Tiem et al (2011), DSWPET (2011b), Bennett 
and Boult (2013) and PetroFrontier (2013b). The Arthur 
Creek Formation, in particular, is currently being 
investigated as a potential shale oil or tight gas reservoir 
in both the NT and Qld. The source rock characteristics 
of this formation are discussed above under Source rock 
units. Its unconventional potential comprises gas or oil 
in fractured shale and other tight reservoirs, including 
fractured/vuggy silty dolostone of the upper Arthur Creek 
Formation and fractured silty shale of the lower Arthur 
Creek Formation. Two horizontal wells (Baldwin-2H ST1 
and MacIntyre-2H), drilled by PetroFrontier Corporation 
in the lower Arthur Creek Formation in the Dulcie Trough, 
encountered elevated ‘heavy’ gas readings over their 
horizontal lengths, and demonstrated the potential for 
unconventional hydrocarbon recoveries from this interval. 
A third horizontal well, Owen-3H, penetrated the same 
formation at a less mature area, and numerous positive 
hydrocarbon indicators were encountered, demonstrating 
that there is potential for shale oil from this interval, 
although no hydrocarbons were recovered to surface on 
stimulation.

In a review of the unconventional potential of the 
Arthur Creek Formation Total Petroleum System, 

DSWPET (2011b) defined three AUs: the Upper Arthur 
Creek Formation Continuous Gas AU, Lower Arthur 
Creek Formation Continuous Gas AU, and Lower 
Arthur Creek Formation Continuous Oil AU. Areas 
of lesser maturity, such as the vicinity of Owen-3H, 
are prospective for shale oil, whereas deeper parts of 
the basin, such as the Dulcie and Toko troughs, are 
prospective for shale gas. Tiem et al (2011) analysed a 
number of samples of the Arthur Creek Formation for 
their unconventional potential, and concluded that these 
were gas- and condensate-prone, and that the samples 
fulfilled the empirical criteria to be considered shale 
gas candidates. The high TOC and large volume of the 
Arthur Creek Formation basal black shale has been 
compared favourably to other unconventional plays in 
Canada and the United States, such as the Bakken Shale 
of the Williston Basin (Ryder Scott 2010). 

Although the unconventional plays are prospective over 
a very large area of the southern basin, it is unlikely that 
the majority of this will be economical, and commercial 
exploitation is likely to be in ‘sweet spots’, defined 
by factors such as depth, natural fracture distribution 
and/or rock mechanical properties (DSWPET 2011b, 
PetroFrontier 2013b). There is insufficient information 
currently available to determine the areas of likely 
production. Bennett and Boult (2013) noted that areas 
where the lower Arthur Creek Formation ‘hot shale’ has 
been uplifted close to the surface along ASO-reactivated 
pre-existing fault trends need to be identified, because only 
when this interval is deeper than ca 500 m, is it possible to 
use controlled fracture stimulation and horizontal drilling 
to stimulate hydrocarbon production. However, vertical 
drilling costs are an important consideration, and it is 
therefore likely that the optimal depths for commercial 
production will be less than 1000 m. 

WISo BASIn

IntroductIon

The Wiso Basin is a large (160 000 km2) intracratonic 
sedimentary basin located in the central northwestern 
NT (Figure 113). It is bounded to the east by the Palaeo–
Mesoproterozoic Tomkinson, Warramunga and Davenport 
provinces of the Tennant Region, and to the west by the 
Palaeoproterozoic Tanami Region, Palaeo–Mesoproterozoic 
Birrindudu Basin and Neoproterozoic Victoria Basin. To 
the south, the contact with the Palaeoproterozoic Aileron 
Province of the Arunta Region is a steep south-side-up thrust 
fault system. Northward, the Wiso Basin links with the 
Daly and Georgina basins beneath the onshore Carpentaria 
Basin. In the southeast, there is also a connection with the 
southern Georgina Basin. In the middle Cambrian, the 
interconnected Wiso, Daly and Georgina basins collectively 
formed part of the Centralian B Superbasin (Munson et al 
2013b), a vast depositional area that extended across parts 
of northern, central and southern Australia. 

Proterozoic rocks underlie and form basement for the 
generally flat-lying basin, and exposed inliers that are 
correlated with the Tomkinson Creek Group and upper 
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Hatches Creek Group of the Tennant Region are scattered 
throughout. In the north of the basin, almost flat-lying 
rocks of the late early Cambrian Antrim Plateau Volcanics 
(Kalkarindji Province) underlie the basin.

The vast majority of the basin is very shallow, containing 
less than 300 m of platformal middle Cambrian rocks. 
The main basin depocentre is the Lander Trough along 
the southern margin (Figure 114), which includes a much 
thicker succession of Cambrian, Ordovician and ?Devonian 
rocks. The succession there is estimated to be up to 2000–
3000 m thick and may reach a maximum of 4500 m (Questa 
1989b, Ambrose 2006c). The basin contains elements of two 
successive middle Cambrian sedimentary successions that 
have been recognised from the adjacent Georgina Basin 
(Shergold et al 1988, Southgate and Shergold 1991, Laurie 
2006c): sequence 1 (Ordian) and sequence 2 (latest Ordian–
early Mindyallan). These are overlain by sedimentary units 
of Early–Middle Ordovician and ?Devonian age. 

Significant studies of the basin include Milligan et al 
(1966), Randal and Brown (1967), Kennewell et al (1977), 
Kennewell and Huleatt (1980), Questa (1989b), Pegum and 
Loeliger (1990), Gorter et al (1998a) and Kruse and Munson 
(2013a).

Middle cambrian

Units assigned to middle Cambrian sequence 1 include, in 
ascending stratigraphic order, the Montejinni Limestone, 
Hooker Creek Formation and Lothari Hill Sandstone. Marine 
limestone beds in the first two formations are fossiliferous, 
yielding an Ordian fauna (Traves 1955, Milligan et al 

1966, Huleatt 1977, Kennewell 1977, Kruse 1998), with 
strong species-level similarity to correlative faunas of the 
Linnekar Limestone and Panton Formation (Ord Basin) 
and Tindall Limestone (Daly Basin). The succession is also 
equivalent in age to the Top Springs Limestone, Gum Ridge 
Formation, Thorntonia Limestone and Border Waterhole 
Formation of the Georgina Basin. 

The Montejinni Limestone has a maximum-known 
thickness of at least 151 m (Kennewell 1978) and rock types 
within the unit include limestone and dolostone [including 
microbial (dolo)laminite and mottled, bioclast, oncoid and 
ribbon types], maroon-green siltstone and minor dolomitic 
quartz sandstone. An overall tripartite limestone–
mudstone–limestone subdivision of the formation, 
recognised by Randal and Brown (1967), appears to be 
typical across the entire basin. The Montejinni Limestone 
was deposited on an extensive, restricted but oxygenated 
marine platform with episodic high salinities and tidally 
influenced open-marine settings (Kennewell and Huleatt 
1980, Beier et al 2002b). By analogy with the Ord and Daly 
basins, the locally evaporitic siliciclastic rocks are taken 
to indicate recurring peritidal sedimentation. The Hooker 
Creek Formation reaches a maximum known thickness 
of 161.5 m and consists almost entirely of laminated, 
bioturbated micaceous siltstone and grey dolomitic 
mudstone, with minor marine dolomitic limestone beds and 
dolomitic quartz sandstone (Kennewell and Huleatt 1980, 
Kruse 1998). These rock types and the presence of marine 
fossils indicate that the depositional environment ranged 
from peritidal to shallow marine with restricted circulation 
(Kennewell and Huleatt 1980). The Lothari Hill Sandstone 
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reaches a maximum recorded thickness of 93.9 m and 
consists of locally dolomitic quartz sandstone and minor 
claystone, dolostone and chert, and was deposited in an 
intermittently desiccated, wave- and tide-influenced regime 
(Kennewell and Huleatt 1980). 

Only one unit is assigned to middle Cambrian sequence 
2: the Point Wakefield beds of Templetonian age (Jell 
in Kennewell 1977, Kruse 1998). The Point Wakefield 
beds has a maximum known (incomplete) thickness of 
41.1 m and comprises calcareous claystone, sandstone and 
laminated claystone. Marine fauna and fine calcareous 
rocks of this unit suggest a shallow-marine setting. 
Silicified stromatolites have been recorded from the upper 
sub-unit at one locality, which suggests an intertidal or 
restricted shallow-marine environment, at least in part, 
with sandstone and claystone representing shallow-marine 
or fluvial conditions (Kennewell and Huleatt 1980).

Early–Middle ordovician

A single Ordovician unit, the Hanson River beds, is 
recognised in the Wiso Basin, although seismic data 
indicate that younger Ordovician rocks may be present in 
the subsurface in the Lander Trough (Questa 1989b). The 
Hanson River beds has a maximum thickness of 800 m 
inclusive of Cambrian rocks (Kennewell et al 1977). The 
succession is uncertain, but Kennewell and Huleatt (1980) 
recognised four informal constituent units, comprising an 
upper two units dominated by fossiliferous carbonates, and 
a lower two weakly fossiliferous sandstone and siltstone 
dominated units. The basal unit may have been deposited 
in a continental, perhaps fluviatile regime. Shallow-marine 
depositional conditions are indicated for the other three 
units. On the biostratigraphic evidence and lithological 
similarities, Kennewell and Huleatt (1980) correlated these 
beds with the Pacoota Sandstone–Stokes Siltstone interval 
of the Amadeus Basin.

?devonian

The Lake Surprise Sandstone is confined to the Lander 
Trough and comprises unfossiliferous quartz (Kennewell 
and Offe 1979, Kennewell and Huleatt 1980. Kennewell 
and Offe (1979) estimated a maximum thickness of up to 
350 m, but a lesser thickness of up to 150 m was reported by 
Kennewell and Huleatt (1980). The Lake Surprise Sandstone 
is undated, but must be younger than the underlying Early–
Middle Ordovician Hanson River beds. Kennewell and 
Huleatt (1980) suggested that the depositional environment 
may have been shallow marine or a beach or, alternatively, 
may have been fluviatile. A fluviatile, braided stream or fan 
setting has been favoured by subsequent workers (eg Questa 
1989b, Pegum and Loeliger 1990, Haines et al 2001). 

Structure and tectonIc hIStory

The Wiso Basin comprises a west-northwest-trending, 
thick depocentre, the Lander Trough, in the south; and 
an extensive, much thinner and less deformed area 
flanking the trough to the north (Figure 114). Over much 
of the basin, the flat-lying succession is little affected by 

tectonism. The Lander Trough comprises significant 
en echelon depocentres (Questa 1989b), and is separated 
from Proterozoic rocks of the Aileron Province by thrust-
fault systems (Figures 115, 116), which comprise a series 
of east-southeast-trending, southwest-dipping thrust faults 
with a total displacement of over 2000 m (Kennewell et al 
1977). It is unclear whether or not the depositional margins 
of the basin originally coincided with these present-day 
faults. It is therefore quite possible that early Palaeozoic 
deposits may have extended southward across the present 
southern margin of the basin, but have subsequently been 
dismembered and eroded. The Lake Surprise Sandstone 
was noted by Kennewell and Huleatt (1980) to extend 
across a thrust fault, indicating that major movements 
must have occurred prior to deposition of this unit. Large-
scale slumps in the Lake Surprise Sandstone possibly 
represent contemporaneous structural disturbance. If so, 
the Devonian Pertnjara–Brewer movements of the ASO 
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(Haines et al 2001) were most likely responsible for this 
slumping. 

petroleum potentIal

The Wiso Basin is virtually unexplored for petroleum, 
although much of it is currently covered by exploration 
permit applications. No petroleum or deep stratigraphic 
wells have been drilled anywhere in the basin, although 
there are a number of shallow mineral exploration and 
BMR stratigraphic drillholes. Minor hydrocarbon shows 
have been noted in two of the BMR drillholes. The main 
depocentre and most prospective area, the Lander Trough, 
has not been drill tested, greatly limiting geological 
interpretations of this feature. A reconnaissance seismic 
survey was undertaken in the southeast of the basin in the 
late 1960s (Ray Geophysics 1967), but there is otherwise 
no seismic coverage of the basin. A gravity survey at a grid 
spacing of 4 km was completed in 2013 over the southern 
basin, including the Lander Trough, and the remainder 
of the basin is covered by an earlier gravity survey with 
an approximately 11 km pattern. A modern grid of 
aeromagnetic data at a line spacing of 400 m or better is 
available over the entire basin. 

Useful appraisals of the petroleum potential of the 
basin are by Kennewell and Huleatt (1980), Questa (1989b), 
Pegum and Loeliger (1990), Gorter et al (1998a) and 
Ambrose (2006c).

Source rockS

The most promising source rock intervals in the Wiso 
Basin succession are the Montejinni Limestone and unit 3 
of the Hanson River beds. RockEval Pyrolysis indicates 
that these units have fair to good oil source rock potential 
(Gorter et al 1998a). The Montejinni Limestone contains 
marine fossils and stromatolites, and is the only formation 
in the succession from which hydrocarbon shows have been 
recorded: these include tarry residue at 72 m depth in BMR 
Green Swamp Well-1 (Milligan et al 1966) and residual 
hydrocarbons at 259 m in Green Swamp Well-6 (Watson 
1987). TOC values from 0.10% to 0.85% have also been 
recorded from samples of the limestone (Watson 1987). 
Unit 3 of the Hanson River beds contains marine fossils and 
dark brown shale and mudstone intervals at several levels 
that are potential source rocks (Questa 1989b, Gorter et al 
1998a). Other intervals in the Wiso Basin succession might 
also have source potential, and good source rocks may be 
present in the subsurface within the Lander Trough, in 
areas that have not been drill tested. Questa (1989b) noted 
that any evaporitic successions that might be present within 
the Wiso Basin should be regarded as potentially rich oil-
prone source rocks.

Maturation and migration

Much of the Wiso Basin succession is too thin and shallow 
to be thermally mature, except in the Lander Trough, 
where modelled depths of 3000 m or greater indicate 
that the succession there should be more mature. Questa 
(1989b) noted that the Cambrian Montejinni Limestone 

and Ordovician Hanson River beds should be moderately 
to optimally mature within the Lander Trough, but that 
possible Ordovician source rocks were probably immature 
for significant hydrocarbon generation, or at an early 
generative stage. Gorter et al (1998a) considered it unlikely 
that any of the Palaeozoic section within the trough will 
be beyond the oil and wet gas / condensate window. They 
reported that samples of Montejinni Limestone and Hooker 
Creek Formation from BMR Green Swamp Well-1 and -6 
had relatively low maturity, but tarry residues in samples 
from the former well indicate that mature source rocks must 
be present in the vicinity. More recent maturation modelling 
by Central Petroleum has indicated that source rocks in 
the Lander Trough may range from the early oil window 
to the early gas window, depending on the depth of burial. 
Hydrocarbon generation is likely to have commenced in 
the Ordovician and may have also occurred during the 
Devonian–Carboniferous ASO (Central Petroleum 2011d).

reServoIrS and SealS

A number of Cambrian and Ordovician sandstone and 
carbonate intervals within the Wiso Basin succession 
have good reservoir potential, and either underlie effective 
sealing strata or contain intraformational seals (Kennewell 
and Huleatt 1980, Questa 1989b, Pegum and Loeliger 
1990, Gorter et al 1998a). Fractured and vuggy carbonate 
rocks in the Montejinni Limestone (Figure 117), which 
is the main producing aquifer in the western Wiso Basin, 
have particularly good potential. The overlying Hooker 
Creek Formation has produced good groundwater flows 
in some waterbores, and some parts of this formation 
may therefore form effective reservoirs. The Lothari Hill 
Sandstone has only poor to fair reservoir potential, but 
could have received hydrocarbons migrating from older 
source intervals. Intraformational siltstone and claystone 
in the Hooker Creek Formation and Lothari Hill Sandstone 
might provide seals (Kennewell and Huleatt 1980). Vuggy 
dolostone in the Point Wakefield beds may also have 
reservoir potential, and interbedded claystone may form 
effective seals. The two basal units of the Hanson River 
beds have well sorted, porous fine-grained sandstones 
that may have subsurface reservoir potential (Gorter et al 
1998a), and Questa (1989b) and Pegum and Loeliger (1990) 
suggested that these may have the best reservoir potential 
in the succession. Intraformational beds of claystone are 
possible seals (Kennewell and Huleatt 1980). The Lake 
Surprise Sandstone is thin and permeable; this unit may 
have reservoir potential, but it apparently lacks an effective 
seal, so is less prospective (Kennewell and Huleatt 1980, 
Gorter et al 1998a).

proSpectIvIty

About 80% of the Wiso Basin (central and northern parts) 
contains generally less than 500 m of section, and these 
areas are therefore not considered very prospective for 
hydrocarbons (Randal and Brown 1967, Kennewell and 
Huleatt 1980, Questa 1989b, Gorter et al 1998a). Long-
distance migration from possible source rocks in thicker 
successions in the south, or from underlying Proterozoic 
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rocks (Birrindudu Basin and equivalents), would be 
required to charge any existing structures in these areas. 
However, the Lander Trough, with a modelled depth of 
2000–3000 m up to a maximum of 4500 m (Questa 1989b), 
is much more prospective for petroleum, and adjacent 
shallower parts of the basin may also have received 
hydrocarbons migrating northward from more deeply 
buried sources. The Lander Trough is on trend with and 
analogous to the Dulcie and Toko troughs of the southern 
Georgina Basin (Figures 115, 116), where significant 
oil and gas shows have been encountered (Gorter et al 
1998a, Ambrose 2006c, Dunster et al 2007). It features 
significant en echelon depocentres separated by a cross-
axial high (Questa 1989b). The succession in these offset 
depocentres is unknown, but has potential to include: (1) 
middle Cambrian petroleum systems equivalent to the 
Thorntonia(!) and/or Arthur Creek(!) petroleum systems 
of the Georgina Basin; and (2) Ordovician petroleum 
systems equivalent to the prolific Lower Larapinta Group 
Total Petroleum System of the Amadeus Basin (Ambrose 
2006a). 

A variety of possible conventional structural and 
stratigraphic traps may be present within the basin. Structural 
traps are possible in areas adjacent to the southern marginal 
faults (Pegum and Loeliger 1990), and Questa (1989b) 
indicated that these might include horst blocks. Structural 
traps associated with compressional folding during the 
ASO may also be present. Stratigraphic traps are possible 
in the vicinity of palaeo-shorelines (Ambrose 2006c), and 
at pinchouts of the Lander Trough onto shallower parts of 
the basin in the north and onto the cross-basin high within 
the trough (Questa 1989b). Other stratigraphic traps may 
be present in middle Cambrian dolostones (Gorter et al 
1998a), and in any coarse siliciclastic units that might be 
present at the base of the succession (Questa 1989b) or 
adjacent to basin-marginal faults. Landsat-based structural 
analysis has shown the presence of a number of circular 
structures, several kilometres in diameter, that have been 
tentatively identified as potential diapiric salt structures or 
domes associated with possible buried equivalents of the 

Bitter Springs Formation of the Amadeus Basin (Central 
Petroleum Ltd, Exploration document: http://www.
centralpetroleum.com.au/files/exploration.pdf, accessed 
January 2014). If present, these would provide potential for 
various types of diapiric traps (Figure 116). There is also 
potential for unconventional basin-centred gas and oil plays 
over large areas of the basin, particularly in the Montejinni 
Limestone (Central Petroleum 2011d).

WArBurton, PEdIrkA And EroMAnGA 
BASInS

IntroductIon

The early Palaeozoic Warburton Basin, late Palaeozoic 
Pedirka Basin and Mesozoic Eromanga Basin are three 
stacked basins in the southeastern corner of the NT (Simpson 
Desert area) that extend over areas of adjoining Qld, SA and 
NSW. The exposed Eromanga Basin overlies the Pedirka 
Basin, which is largely restricted to the subsurface. The 
Warburton Basin is entirely concealed beneath the Pedirka 
and Eromanga basins. 

The Pedirka and Eromanga basins have many significant 
structural features in common, including their major 
depocentres in the Simpson Desert area. The dominant 
north to north-northeasterly structural grain of these basins 
was largely inherited from that of the underlying Warburton 
Basin, and was developed during the 450–300 Ma ASO. 
The identified petroleum systems in these basins are 
interbasinal to some extent and, for these reasons and to 
avoid repetition, the three stacked basins are described 
together in this report.

Warburton Basin

The Warburton Basin is an early Palaeozoic pericratonic 
basin containing an early Cambrian and Ordovician 
succession, with possible Devonian rocks observed in 
some areas (Radke 2009). The basin comprises two parts 

Figure 117. Vuggy Dolostone of 
Montejinni Limestone at Chowyung 
Waterhole (LARRIMAH), showing 
poorly defined thin bedding (above 
hammer). Photo courtesy of D Karp, 
Water Resources Branch, NT Department 
of Natural Resources, Environment, The 
Arts and Sport (NRETAS).

http://www.centralpetroleum.com.au/files/exploration.pdf
http://www.centralpetroleum.com.au/files/exploration.pdf
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(Figure 118): the eastern Warburton Basin (SA and Qld), 
which is separated by the Birdsville Track Ridge from the 
western Warburton Basin (SA, Qld and NT). The western 
Warburton Basin is the larger portion, and is situated 
between Proterozoic terranes of the Gawler Craton to the 
south, Musgrave Province to the west and Arunta Region 
to the north. It was in probable depositional continuity 
with successions of similar age in the Amadeus Basin to 
the northwest, eastern Officer Basin to the southwest and 
eastern Warburton Basin. Cambrian depositional areas of 
the Georgina and highly metamorphosed Irindina Province 
basins to the north might also have been continuous with 
the Warburton Basin, at least in part. 

In the NT, the western Warburton Basin overlies 
poorly known Proterozoic crystalline basement rocks. An 
interpreted basement high, the Andado Ridge, separates 
the Warburton and adjacent Amadeus basins (Figure 119). 
Much of the Cambrian and Ordovician succession can be 
more readily correlated with units of the Amadeus Basin 
(Figure 120), rather than the known stratigraphy of the 
eastern Warburton Basin. ?Late Ordovician to Devonian or 
possibly Early Carboniferous strata that overlie these rocks, 
but underlie the Pedirka Basin, also have affinities with 
equivalent units of the Amadeus Basin. 

From the limited seismic data available, Sayers et al 
(2012a) recognised six seismic stratigraphic sequences in 
the NT part of the basin, all of which thicken to the east. In 
the NT, subsurface early Palaeozoic to Devonian or Early 
Carboniferous rocks that are ascribed to the Warburton 
Basin have been intersected in a number of drillholes 
penetrating the Eromanga and Pedirka basins. 

Significant regional studies of the Warburton Basin 
include Gatehouse (1986), Gravestock and Gatehouse 

(1995), Gravestock (1995), Sun et al (1997, 1998), Radke 
(2009), PIRSA 2012, Draper (2013) and Edgoose and 
Munson (2013).

Pedirka Basin

The Permian–Triassic Pedirka Basin covers an area in the 
southeastern corner of the NT that also extends over areas of 
adjoining Qld and SA (Figure 121). This largely subsurface 
intracratonic basin unconformably overlies the Amadeus 
and Warburton basins, and is unconformably overlain by 
strata of the Eromanga Basin (Figure 122). It contains a 
diverse succession of fluvioglacial, fluvial, lacustrine and 
coal swamp, and continental red bed deposits up to 1.5 km-
thick. It has an area of about 100 000 km2, approximately 
half of which is in the NT and the remainder in SA, with 
a small portion in southwestern Qld (Figure 123). The 
Pedirka Basin incorporates Triassic rocks that were 
previously included within the former ‘Simpson Basin’ 
(Ambrose et al 2012a, Munson and Ahmad 2013).

The basin is separated from the similarly aged subsurface 
Cooper Basin in SA and Qld to the southeast by a basement 
high (Birdsville Track Ridge). To the southwest, it directly 
overlies, or is faulted against the Mesoproterozoic Musgrave 
Province, and is separated from the subsurface Permian 
Arckaringa Basin (Hibburt 1995) by the Bitchera and 
Muloorina basement ridges (Gatehouse 1986, Hibburt and 
Gravestock 1995). It is possible that sedimentary deposits 
once extended across intervening basement ridges between 
the Pedirka and Arckaringa basins (Hibburt and Gravestock 
1995), and that these have since been removed by erosion. 

Much of the basin reaches depths of greater than 
400 m, and maximum depths are in excess of 3000 m at 
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its deepest points in the east (Ambrose et al 2007). The 
major depocentres of the basin are the Eringa, Madigan and 
Poolowanna troughs, which are segmented and separated 
by a series of north to north-northeast-trending structural 
ridges and major faults (Figure 123). Significant regional 
studies of the Pedirka Basin include Youngs (1975), 
Moore (1986b), Giuliano (1988), Questa (1990), Hibburt 
and Gravestock (1995), Gravestock (1995), Alexander and 
Jensen-Schmidt (1995), Alexander et al (1996), Ambrose 
(2006b), Ambrose et al (2002, 2007), Draper (2002a), 
Cotton et al (2006), Middleton et al (2007), Radke (2009), 
Ambrose and Heugh (2010), Jones et al (2011), Central 
Petroleum (2011g) and Munson and Ahmad (2013).

Eromanga Basin

The Mesozoic Eromanga Basin covers a vast area that 
includes the southeastern corner of the NT, as well as 
large parts of Qld, SA and NSW (Figure 124). It forms a 
significant part of the Great Australian Basin (Green 1997, 
Draper 2002b) of central and northeastern Australia, together 
with the Surat, Carpentaria and other basins. The NT portion 
of the Eromanga Basin contains about 2300 m of Jurassic to 
Cretaceous strata. Most of this succession is in the subsurface 
and, in the NT, is largely overlain by Cenozoic sedimentary 
rocks of the Lake Eyre Basin and other surficial deposits. 

Numerous studies have been published on the Eromanga 
Basin, of which some of the more significant include 
Whitehouse (1955), Day (1964, 1966, 1967, 1968, 1969), 
Vine and Day (1965), Vine et al (1967), Senior et al (1969, 
1978), Casey (1970), Exon and Senior (1976), Haig and 
Barnbaum 1978, Burger and Senior (1979), Habermehl 
(1980, 1986), papers in Moore and Mount (1982), Burger 
(1986), papers in Gravestock et al (1986), John and Almond 
(1987), papers in O’Neil (1989), Questa (1990), Green et al 
(1991, 1992), Krieg et al (1995), Draper (2002b, c), Gray et al 
(2002), Gray and Draper (2002), McKellar (2002), Ambrose 
et al (2002, 2007), Ambrose (2006b), Cotton et al (2006), 
Waschbusch et al (2009), Ambrose and Heugh (2010, 2011), 
Cook et al (2013 and Munson (2013). 

Summary of StratIgraphIc SucceSSIon

Warburton Basin

Three main Cambrian depositional sequence sets (1–3), 
typical of the SA Cambrian, are recognised in the western 
Warburton Basin (Gravestock 1995), as well as ?Late 
Ordovician–Devonian or Early Carboniferous strata. 
Sequence sets 1 and 2 are early Cambrian, and Sequence 
set 3 is late early to late middle Cambrian in age. In 
the NT, unnamed successions in a number of drillholes 
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have been tentatively assigned to Sequence sets 1 and 2 
(Figure 120). 

Sequence sets 1 and 2
Sequence set 1 forms the majority of a thick carbonate unit 
of dark grey microcrystalline dolostone with thin bands of 
light grey microcrystalline limestone and dark shale that 
was intersected in McDills-1 (Amerada Petroleum 1965) and 
Thomas-1 (Figure 119). Fossil evidence suggests that this 
unit can be correlated with the Todd River Dolostone of the 
Amadeus Basin. The sedimentary rocks were interpreted to 
represent low-energy, shallow shelf environments. Sequence 
set 2 is interpreted to be an equivalent of the Chandler 
Formation and Hugh River Shale of the Amadeus Basin, and 
in McDills-1 is represented by mudstone overlying dolostone 
of Sequence set 1 (Gravestock 1995), or possibly by the upper 
sub-unit of the underlying dolostone succession. 

Unassigned strata
Metasedimentary rocks that are difficult to correlate with any 
units of the Amadeus or Georgina basins have been identified 
in several drillholes, including Colson-1 and Beachcomber-1. 
These may represent an older succession, or basement, and 
are as yet unassigned. In McDills-1, a succession of coarse 
to fine-grained sandstone red beds overlies the Cambrian 
succession, and is probably equivalent to red beds of the 
Innamincka Formation of the eastern Warburton Basin. 
These rocks also probably correlate with the Ordovician 
Pacoota Sandstone (Larapinta Group), or the slightly younger 
Stairway Sandstone of the Amadeus Basin (Figure 120). 

?Late Ordovician–Devonian or Early Carboniferous strata
Fine to coarse sandstone overlying the Ordovician 
succession in McDills-1 is considered to be equivalent to 
the ?Late Ordovician–?Late Devonian Mereenie Sandstone 

of the Amadeus Basin. Overlying this succession is just 
over 1000 m of sedimentary rocks that probably correspond 
to the Devonian Finke Group of the Amadeus Basin, with 
equivalents of all four Amadeus Basin formations (Polly 
Conglomerate, Langra Formation, Horseshoe Bend Shale, 
Idracowra Sandstone) present. These sediments were also 
intersected in Etingimbra-1, Hale River-1 and Poeppels 
Corner-1 at varying depths and thicknesses considerably 
less than the complete sequence in McDills-1 (Osborne and 
Edwards 1990, Amerada Petroleum 1966, Arco Australia 
1985). A thin andesite in Poeppels Corner-1 (Arco Australia 
1985) has yielded a K-Ar date of 384 ± 3 Ma (Late Devonian). 

Recent seismic surveys in the NT portion of the western 
Warburton Basin have suggested the possible existence 
of a carbonate rimmed platform that is up to 750 m thick, 
and a reef complex that is up to 1700 m thick, beneath the 
Eromanga and Pedirka basin successions (Ambrose 2008, 
Central Petroleum 2011b, Ambrose et al 2012a). This 
interpretation is yet to be confirmed by drilling.

Pedirka Basin

The Pedirka Basin contains a succession ranging in 
age from Early Permian to Late Triassic, and has been 
divided into five formations: the Permian Crown Point 
Formation, a unit equivalent to the Tirrawarra Sandstone 
of the Cooper Basin, and the Purni Formation, which are 
unconformably overlain by the Triassic Walkandi and Peera 
Peera formations (Figure 125). As the basin is mostly in 
the subsurface, details of the succession have mostly been 
derived from drillhole intersections and seismic profiles. 

A major unconformity between the Permian and Triassic 
successions is indicated by erosion of Permian strata in 
structurally high positions (Moore 1986b, Ambrose et al 
2002). This unconformity has been attributed to Late 
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Permian–Early Triassic compressional reactivation of older 
fault systems, accompanied by southeast-directed regional 
tilting (Questa 1990, Ambrose et al 2007).

Crown Point Formation
The Crown Point Formation (Wells et al 1966) is 
widespread in the western Pedirka Basin but is absent from 
the Poolowanna Trough further to the east. The formation 
is thickest in the southern Eringa Trough (SA), where a 
thickness of 504 m was intersected (Ambrose 2006b). 
It both interfingers with and is conformably overlain by 

Tirrawarra Formation equivalent rocks, or where this is 
absent, the Purni Formation (Ambrose 2006b, Central 
Petroleum 2011g). The Crown Point Formation consists of 
conglomerate, diamictite, cross-bedded pebbly and coarse 
sandstone, ripple-laminated fine sandstone and siltstone, 
and thick claystone-dominated intervals with varvite bands 
(Crowell and Frakes 1971, Giuliano 1988).

Tirrawarra Sandstone equivalent
The Tirrawarra Sandstone (McKellar 2002) was defined 
in the Cooper Basin where it comprises a succession of 
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sandstone, conglomerate and lesser siltstone deposited 
in fluvial, lacustrine and outwash fan settings (Hill and 
Gravestock 1995). A similar sandstone-dominated unit 
is recognised in the Pedirka Basin, conformably between 
the Crown Point and Purni formations. In NT drillholes, 
the Tirrawarra Sandstone equivalent is generally less than 
50 m thick. The unit thins and pinches out to the west 
across the Andado Shelf and is absent along the western 
margins of the basin. The Tirrawarra Sandstone equivalent 
in the Pedirka Basin consists of very fine to very coarse to 
conglomeratic sandstone with minor siltstone and claystone. 
The age of the Tirrawarra Sandstone equivalent succession 
is interpreted to be Asselian, as both the underlying Crown 
Point and overlying basal Purni formations are also of this 
zone (Central Petroleum 2011g). A glaciofluvial braided 
river/glacial outwash environment of deposition has been 
interpreted for the unit (Ambrose 2006b, Central Petroleum 
2011g). 

Purni Formation
The Permian (Asselian–Late Permian) Purni Formation 
(Youngs 1975) is widespread in the western Pedirka Basin; 
however, it is absent in the Poolowanna Trough and thins 

to the west across the Andado Shelf, to be absent along the 
western flanks of the basin. It ranges in thickness from about 
300 m to greater than 550 m. The formation is conformable 
on the Tirrawarra Sandstone equivalent or, where this is 
absent, the Crown Point Formation. It is unconformably 
overlain by the Early Triassic Walkandi Formation within 
and to the east of the Eringa Trough, or by Mesozoic strata 
of the Eromanga Basin elsewhere. The Purni Formation is 
considered to be the lateral equivalent of the Patchawarra 
and younger formations of the Gidgealpa Group in the 
Cooper Basin, and of the Stuart Range and Mount Toondina 
formations of the Arckaringa Basin (Alley 1995). It is a 
thick succession of sandstone, siltstone, shale, coal and 
minor conglomerate. In the NT, four informal stratigraphic 
units (A1, A, B and C) are recognised, based on drillhole 
and seismic data (Central Petroleum 2011g). Units A1–B are 
equivalent to the ‘lower Purni Formation’ of Ambrose and 
Heugh (2010), whereas Unit C is equivalent to the ‘upper 
Purni Formation’. The Purni Formation contains substantial 
coal measures and is a significant potential source rock.

The basal Unit A1 is a sandstone-rich interval consisting 
of thinly interbedded, commonly pyritic sandstone and 
lesser siltstone with minor thin coal seams, and reaches 
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a maximum thickness of 118 m. The unit has abundant 
carbonaceous material (Jones et al 2011, Central Petroleum 
2011g). Like the Tirrawarra Sandstone equivalent, it has 
been interpreted as a glaciofluvial outwash succession with 
the finer lithologies representing flood plain / overbank 
deposits (Central Petroleum 2011g). The conformably 
overlying Unit A is a much thicker (maximum 222 m) 
succession of mostly fine-grained sandstone, siltstone, 
shale, carbonaceous shale and coal that was deposited in 
a predominantly low-energy, meandering fluvial/paludal 
depositional system (Jones et al 2011), with the finer-
grained clastic sediments representing flood plain/overbank 
deposits. It is characterised by the presence of numerous 
coal seams of varying thicknesses and lateral extent 
(Figure 126). The more substantial of these seams are 
laterally very extensive, and the largest attains a maximum 
thickness of greater than 30 m and a strike length of 
70 km (Central Petroleum 2011g). Unit B is a succession of 
sandstone, siltstone, shale and coal that reaches a maximum 
thickness of 257.3 m. The basal 50 m of this unit consists 
of regionally extensive, coal-deficient siltstone and very 
coarse to fine sandstone arranged in upward-fining cycles 
1–2 m thick with erosive bases. This is overlain by a thick 
succession of sandstone, siltstone, shale, carbonaceous shale 
and coal seams of varying widths up to 25 m thick (Central 
Petroleum 2011g). A similar environment of deposition 
to the underlying Unit A is probable (Central Petroleum 
2011g). Unit C contains a succession similar to that of 
the underlying units and was deposited in much the same 
setting. However, it is separated from Unit B and from the 
overlying Walkandi Formation by major unconformities. 

The unit varies in thickness to a maximum of 145 m, but 
its areal distribution is poorly understood, and the unit 
may pinch out to the west before the zero edge of the Purni 
Formation succession. 

Purni Formation coal seams only occur at relatively 
shallow and possibly mineable depths (300–400 m) 
towards the western margins of the Pedirka Basin. Coal-
bearing successions thicken down-dip towards the axis 
of the Eringa Trough (Central Petroleum 2011g, Ambrose 
et al 2012a, Figure 122), but are buried to depths 
of up to 2000 m. Jones et al (2011) provided a JORC 
Exploration Target tonnage estimate for coal within 
the NT petroleum tenements of Central Petroleum of 
between 470 Gt and 570 Gt at depths <1000 m below 
the surface, plus a further 1570 Gt to1920 Gt of coal at 
depths >1000 m.

Walkandi Formation
The subsurface Walkandi Formation (Moore 1986b) is a 
continental red-bed succession and consists of interbedded 
shale, siltstone and minor very fine-grained to fine-grained 
sandstone (Questa 1990, Ambrose and Heugh 2010). It has 
a maximum thickness of 247 m (Ambrose and Heugh 2010). 
Palynofloras indicate a broad Triassic age for the Walkandi 
Formation, but are not well enough preserved to enable 
greater precision (Gravestock 1995). The age of the top of 
the unit is constrained by its stratigraphic position beneath 
the ?Middle–Late Triassic Peera Peera Formation and a 
?Late Permian–early Middle Triassic age is indicated by 
correlation of the unit with red bed strata of the Arrabury 
Formation in the Cooper Basin.
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Peera Peera Formation
The subsurface Peera Peera Formation (Moore 1986b) 
attains a maximum thickness of ca 190 m in the east 
(Gravestock 1995) and thins westward, where it is ca 35 m 
thick (Beach Petroleum 1979). A three-fold subdivision 
of the Peera Peera Formation was recognised by Moore 

(1986b); a basal unit of grey shale, siltstone, and minor 
sandstone and coal is overlain by a middle unit consisting 
of several upward-fining sandstone cycles, which is 
in turn overlain by an upper unit of black, silty, highly 
carbonaceous shale with occasional thin sandstone 
interbeds. 
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Eromanga Basin

The stratigraphic nomenclature of the Eromanga Basin is 
complex and has evolved over a century. The stratigraphic 
succession in the NT is summarised in Figure 127. The 
Jurassic succession is mainly terrestrial and comprises 
fluvial quartz sandstone interbedded with carbonaceous 
shale. The Early Cretaceous succession is largely marine, 
whereas late Early Cretaceous strata were deposited in 
a regressive sea. The early Late Cretaceous part of the 
Eromanga Basin succession was laid down in a mix of 
environments, including shallow marine, paralic, lacustrine, 
paludal and fluviatile. 

Ungrouped

Poolowanna Formation
The entirely subsurface Poolowanna Formation (Moore 
1986b) forms the base of the succession in the NT portion 
of the Eromanga Basin. The formation reaches a maximum 
thicknesses of 205 m in Thomas-1 (Wiltshire 1982), but 
thins to the north and west. An informal twofold division 
is recognised in the NT, comprising two transgressive, 
upward-fining fluviatile–lacustrine cycles, consisting of 
interbedded sheet-like sandstone that fines upwards to 
coaly shale and siltstone (Ambrose et al 2007, Ambrose 

and Heugh 2010). The lower parts of these two cyclic 
successions are interpreted to have been deposited under 
fluviatile conditions, whereas overlying finer-grained 
strata were laid down in overbank environments related to 
progressive ponding of drainage lines. This was followed 
by lacustrine conditions at the top of each cycle (Ambrose 
and Heugh 2010). The Poolowanna Formation is assigned 
to the Early Jurassic (Pliensbachian–Toarcian; Draper 
2002a). 

Algebuckina Sandstone
The Algebuckina Sandstone (Moore 1986b) is widely 
distributed along the western portion of the Eromanga 
Basin in the NT, where it was described under the local 
name ‘De Souza Sandstone’ (Wells 1969, Edgoose et al 
1993) or Hooray Sandstone (Shaw and Freeman 1985). The 
formation intertongues with and is also disconformable/
unconformable on the Poolowanna Formation, with basal 
massive sandstone beds locally eroding deeply into coaly 
shale at the top of the underlying unit (Ambrose et al 2007, 
Ambrose and Heugh 2010). In the main depocentre in the 
Poolowanna Trough, the Algebuckina Sandstone reaches 
a maximum thickness of 757 m in Poolowanna-1 (Moore 
1986b). The formation is a thick succession of fine- to 
coarse-grained, quartzose continental sandstone, with 
granule and pebble layers. Palynofloras indicate that the 
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formation ranges in age from late Early Jurassic (Toarcian) 
to Early Cretaceous (Moore 1986b), but a slightly younger 
Valanginian age was indicated in Krieg et al (1995). The 
absence of marine fauna and the presence of a more-or-
less unidirectional cross-stratification indicate a fluvial 
depositional environment. 

Cadna-owie Formation
The Cadna-owie Formation (Wopfner et al 1970) is a 
thin, mainly fine-grained unit that represents a transition 
from terrestrial to marine depositional environments 
during a widespread Early Cretaceous transgression. 

In the NT, the unit is thickest towards the central parts 
of the basin in the east and south, and thins towards 
the flanks of the basin in the northwest. The formation 
consists predominantly of thinly to thickly interbedded 
sandstone, siltstone, silty mudstone and mudstone, and 
minor claystone, typically with parallel bedding and 
upward-coarsening intervals. Depositional conditions 
ranged from fresh- to brackish-water lacustrine to 
restricted/marginal marine, with the marine influence 
increasing up-section (Gray et al 2002 and references 
therein). The palynoflora indicates an Early Cretaceous 
(late Valanginian–early Aptian age (Figure 127).

 

Westbourne Fm

?

?

?

?

Cuddapan
Fm (lower)

?

? ?

?

?

?

?

?
?

Birkhead Formation

lower
Namur Sst

upper Namur Sst 

?
? ?

?
?

?

Wyandra Sandstone Member

Doncaster Member

Allaru Mudstone

APJ
33

APJ3

APJ41
APJ4

APJ5

APJ6

APK1

APK21

APK22

APK31

APK2

APK3

APK4

APK5

APK6

APK7

APK51

APK52

APK32

APK11

APJ61
APJ621
APJ622

APJ42
APJ43

APT 521

APT522

APT4
(in part)

Late
(in part)

?

??

?

90

100

110

120

130

90

100

110

120

130

140

150

160

170

180

190

200

210

220

230

140

150

160

170

180

190

200

210

220

230

ERAAGE
(Ma)

 
AGE
(Ma)

PERIOD EPOCH STAGE (AGE) Palynostratigraphic
zones

NE

NORTHEASTERN
EROMANGA BASIN (QLD)

WESTERN
EROMANGA BASIN (NT)

SWEW

C
R

E
TA

C
E

O
U

S
(in

 p
ar

t)
TR

IA
S

S
IC

(in
 p

ar
t)

M
E

S
O

ZO
IC

(in
 p

ar
t)

JU
R

A
S

S
IC

Early

Late

Middle

Carnian

Norian

Rhaetian

Late

Early

APT
52

APT
22

APT 5

APT 51

APJ1

APJ2
APJ21

APJ31

APJ32

APJ222

APJ331

APJ332

APJ221

Turonian

Cenomanian

Albian

Aptian

Barremian

Hauterivian

Valanginian

Berriasian

Tithonian

Kimmeridgian

Callovian
Bathonian

Bajocian

Aalenian

Toarcian

Pliensbachian

Sinemurian

Hettangian

Oxfordian

Mackunda Fm

Toolebuc FormationToolebuc FormationToolebuc
Formation

Coreena Member

W
al

lu
m

bi
lla

 F
m

Cadna-owie Formation

Hooray Sst
Murta Formation

'uppermost 
Westbourne Fm'

Adori Sandstone

Cuddapan
Fm (upper)

?

?
Cuddapan
Formation

Precipice
Sandstone

Evergreen FmPoolowanna
Formation

Hutton Sandstone

Poolowanna
Formation

un
as

si
gn

ed
 W

ilg
un

ya
 S

bg
r

('R
um

ba
la

ra
 S

ha
le

') 

Allaru Mdst
Mackunda Fm

Winton Formation

Wallumbilla
Formation

Cadna-owie
Formation

Algebuckina Sst
('De Souza Sst')

APK12

APT42

APT41
(in part)

Winton
Fm

?

SOUTHWESTERN
EROMANGA BASIN (SA)

NESW

Poolowanna
Formation

Hutton
Sst

Adori Sst

Namur Sst

Murta Fm

Bulldog Shale

Coorikiana Sst

Allaru Mdst

Mackunda Fm

Mount Howie Sst Mbr

Winton Fm

Oodnadatta
Formation

Wallumbilla
Formation

Cadna-owie
Formation

Mount Anna Sst Mbr

Birkhead
Fm

Westbourne
Fm

McKinlay
Mbr

A
lg

eb
uc

ki
na

 S
st

A14-008.ai

Figure 127. Simplified Late Triassic–Cretaceous stratigraphic correlation chart for Eromanga Basin in SA, NT and Qld. Timescale after 
Gradstein et al (2004). Stratigraphic succession for northeastern part of Eromanga Basin derived from Draper (2002a) and unpublished 
stratigraphic chart kindly supplied by J McKellar (Geological Survey of Queensland). Stratigraphic succession for SA slightly modified from 
Krieg et al (1995). Palynostratigraphic zones after Price et al (1985), Filatoff and Price (1988) and Price (1997). Position of palynostratigraphic 
zones against timescale derived from Geoscience Australia’s Timescale project (see Monteil 2006) and J McKellar (in litt 2012).



156

Rolling Downs Group

The Cretaceous succession of the Eromanga Basin 
was established independently in the southwestern and 
northeastern portions of this large depositional area, 
resulting in a complex stratigraphic nomenclature that has 
proven to be confusing and difficult to correlate. The group-
level stratigraphic nomenclature was revised in Munson 
(2013), who applied the name Rolling Downs Group to the 
succession in the southwestern Eromanga Basin from top 
Cadna-owie Formation to top Winton Formation. The name 
Manuka Subgroup was adopted for use throughout the basin 
to encompass the Mackunda and Winton formations at the 
top of the group. The lower succession of the Rolling Downs 
Group in the NT comprises the Wallumbilla and Toolebuc 
Formations and Allaru Mudstone of the Wilgunya Subgroup. 
The Cadna-owie Formation, at the base of the Cretaceous 
succession, remained ungrouped. 

Wilgunya Subgroup

Wallumbilla Formation
In the NT, the Wallumbilla Formation (Gray et al 2002) 
has typically been described as a relatively homogenous 
unit of mudstone and siltstone (Questa 1990), with minor 
thin interbeds of fine sandstone and limestone. In these 
areas, the formation is calcareous in part and may contain 
glauconite, and shell fragments are common in places. The 
Wallumbilla Formation and correlative Bulldog Shale both 
contain diverse fossil assemblages (Moore and Pitt 1985 and 
references therein, Krieg et al 1995 and references therein). 
Palynofloras indicate an Early Cretaceous (Albian) age 
(Figure 127). The environment of deposition is interpreted 
to have included marine, nearshore to marginal marine, and 
occasionally terrestrial settings (Gray et al 2002). 

Toolebuc Formation
The sheet-like Toolebuc Formation (Gray et al 2002) 
is widespread in drillholes across the NT portion of 

the basin (Ambrose and Heugh 2011, Munson 2013, 
Figure 128). The Toolebuc Formation is a fine-grained 
unit consisting predominantly of mudstone with thin 
layers of siltstone and subordinate labile sandstone, 
limestone, marl and conglomerate (Moore et al 1986, 
Questa 1990, Krieg et al 1995, Gray et al 2002). The 
Toolebuc Formation contains diverse Early Cretaceous 
fossil and spore-pollen assemblages (references listed 
in Munson 2013) that are indicative of the late Albian. 
The formation was deposited under wholly marine 
conditions in an epeiric sea at the peak of an Early 
Cretaceous transgression. 

Allaru Mudstone
The Allaru Mudstone (Gray et al 2002) is an entirely 
subsurface unit in the NT, where significant thicknesses in 
the range 200–300 m have been recorded in a number of 
drillholes (Arco Australia 1985, Central Petroleum 2009b, 
Central Petroleum 2008). The formation consists mostly 
of blue-grey mudstone, in part pyritic, with thin interbeds 
of calcareous siltstone, cone-in-cone limestone, and minor 
very fine-grained sandstone and concretionary limestone 
(Moore and Pitt 1985, Questa 1990, Gray et al 2002). It 
contains a rich late Early Cretaceous fossil assemblage, 
including spore-pollen assemblages (references listed 
in Munson 2013), that indicate a late Albian–?early 
Cenomanian age. The depositional environment is 
interpreted to have been quiet-water shallow marine from 
the abundant marine fauna and the uniform, mudstone-
dominated lithology (Gray et al 2002).

Rolling Downs Group: Manuka Subgroup

Overlying the Wilgunya Subgroup is the Manuka Subgroup, 
which includes the widespread Mackunda and Winton 
Formations. The Mackunda Formation is not well described 
in the NT, where it occurs entirely in the subsurface, and it 
has not been clearly differentiated from underlying units in 
many drillholes. 
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Mackunda Formation
In the NT, the Mackunda Formation (Vine and Day 1965) 
appears to be dominated by shale with lesser interbedded 
sandstone, and it is more difficult to distinguish the unit 
from the underlying Allaru Mudstone than it is in other 
parts of the basin. The succession between the Toolebuc 
and Winton formations occurring in drillholes in this 
region was described by Questa (1990) as comprising 
carbonaceous, pyritic, silty shale with traces of fossil 
fragments and Inoceramus prisms, common siltstone beds, 
minor sandstone, rare argillaceous limestone and occasional 
calcareous stringers. The abundance of sandstone and the 
presence of marine macrofossils and benthonic foraminifera 
indicate that the Mackunda Formation was probably 
deposited in shallow-marine and paralic environments. 
Winton Formation
In the NT, the Winton Formation (Allen et al 1960) reaches 
a maximum thickness of ca 620 m in drillholes Poeppels 
Corner-1 and Thomas-1 (Wiltshire 1982, Arco Australia 
1985), but it thins to the north and northwest. In the NT, 
the formation consists of claystone, siltstone and mudstone, 
with interbedded very fine- to fine- to occasionally medium-
grained sandstone and minor coal seams (Moore and Pitt 
1985, Questa 1990, Krieg et al 1995). It contains abundant 
micro- and macroflora fossil assemblages (references listed 
in Munson 2013) that are indicative of the late Albian–early 
Cenomanian (Gray et al 2002). The fossil assemblages 
indicate a mostly low-energy, non-marine setting for the 
bulk of the Winton Formation, and the various rock types, 
including coal, and sedimentary structures indicate an 
environment of deposition ranging from fluviatile to paludal 
to lacustrine (Moore and Pitt 1985, Gray et al 2002). 

Structure and tectonIc hIStory

The structural framework and tectonic history of the 
stacked basins in the southeastern NT have been described 
and interpreted in a number of publications, which are listed 
and summarised in Edgoose and Munson (2013), Munson 
and Ahmad (2013) and Munson (2013).

Warburton Basin

The western part of the Warburton Basin succession 
has been folded into a number of northeast- to north-
trending anticlinal structural ridges (trends), separating or 
segmenting the main depocentres of the overlying basins. 
Some of the more significant of these include, from west to 
east, the collinear Dalhousie-McDills Ridge, Hallows Trend 
and Hector Trend, and the Border, Colson, Macumba-Bejah, 
East Border and Poolowanna-Thomas trends (Figure 123). 
These structural ridges are reflected by gravity anomalies, 
and are interpreted to be composed of folded and faulted 
pre-Permian sedimentary rocks (Questa 1990, Hibburt and 
Gravestock 1995). They are flanked by reverse faults that 
are mostly downthrown to the east (Questa 1990). These 
structural ridges were most likely to have been formed 
during the later stages of the 450–300 Ma ASO. Many of the 
marginal faults also experienced Mesozoic and Cenozoic 
reverse movements, but they have a long history and there 
is evidence that they have been repeatedly reactivated 

during the Phanerozoic. A series of northwest-trending, 
down-to-basin normal faults flank the southern margin of 
the Hale River High, and may have controlled deposition 
in the northern part of the Warburton Basin during the 
Devonian–Carboniferous. These faults were reactivated 
as steep reverse faults in the Miocene (Ambrose 2008, 
Ambrose et al 2012a).

Pedirka Basin

Early Permian deposition in the Pedirka Basin was probably 
initiated at about the same time, or shortly after the final 
northwest–southeast compressional phase of the ASO 
(Alexander and Carne 1997) and the Permian sedimentary 
fill within the basin appears to have been largely derived 
from orogenic highlands associated with this event (Ambrose 
et al 2002, Ambrose 2006b). The major Permian depocentres 
(Eringa and Madigan troughs) have complex geometries, and 
are associated with significant faults that are likely to have 
controlled subsidence and depositional patterns. The Eringa 
Trough is strongly asymmetric and is deepest along its eastern 
margin (Figure 123). It is flanked intermittently to the east 
by a series of major faults associated with Dalhousie-McDills 
Ridge, and Hallows and Hector trends (Ambrose and Heugh 
2010), suggesting that its original structure may have been 
that of a half-graben, or a series of half-grabens, developed 
in an overall strike-slip setting. The Madigan Trough is 
bounded to the north by the northwest-trending Pellinor 
Fault Zone, which comprises a series of northwest-trending, 
down-to-basin normal faults on the southern margin of the 
Hale River High. It is bounded to the west by the Hallows 
and Hector trends, and to the east by the Madigan Fault, but 
the effects of these structures on sedimentation within the 
trough are unclear. The Permian succession to the east of the 
Madigan Fault on the Colson Shelf is condensed and sand 
prone (Central Petroleum 2011g), suggesting that this fault 
had at least some influence on deposition within the trough.

In the Late Permian, an episode of mild structural 
deformation and uplift, accompanied by regional southeast 
tilting and subsidence is indicated by the erosion of Permian 
strata from structural highs, and the migration of Triassic 
depositional areas southeastward into the developing 
Poolowanna Trough (Ambrose et al 2002, 2007, Central 
Petroleum 2011c). The resulting basin framework was 
largely inherited by the overlying Eromanga Basin, as the 
Poolowanna Trough was also the main depocentre for this 
basin in this area. The western part of the Pedirka Basin 
at this time was being subjected to continued uplift and 
erosion, and this provided an important sediment source for 
the slowly subsiding Poolowanna Trough (Questa 1990). The 
Poolowanna Trough comprises several elongate synclinal 
depocentres, segmented by several Palaeozoic ridges 
extending into its northern areas (Questa 1990, Ambrose 
and Heugh 2010). These include the Colson, Macumba, 
Bejah, East Border, Thomas and Poolowanna trends 
(Figure 123), which are commonly associated with north-
trending reverse faults, most of which are downthrown to 
the east. At the end of the Triassic, the basin succession 
experienced minor uplift and erosion (peneplanation) 
resulting from mild rejuvenation of pre-existing faults prior 
to the onset of Eromanga Basin deposition (Ambrose et al 
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2007). Ambrose and Heugh (2010) noted that there was also 
major rejuvenation along the same structural trends during 
the Late Cretaceous and Cenozoic.

Eromanga Basin

The structural fabric of the Eromanga Basin was largely 
inherited from pre-existing terranes, and the basin has 
an overall broad synclinal structure that mirrors the 
underlying Permian–Triassic basins. The overall structural 
grain trends north-northeast, although some significant 
northwesterly structures are also present throughout the 
basin (Krieg et al 1995, Gray et al 2002). In the central and 
western parts of the Eromanga Basin, the main depocentres 
broadly coincide with underlying Triassic depocentres 
of the Pedirka and Cooper basins, which in the NT, are 
separated or segmented by a number of northeast- to north-
trending, anticlinal basement ridges (trends), including 
the prominent Birdsville Track Ridge between the Cooper 
and Pedirka basins. The principle depocentre in the NT, 
which extends into northernmost SA, is the Poolowanna 
Trough, which accumulated a thick Early Jurassic to early 
Late Cretaceous succession. A regional basin tilt to the 
southeast was maintained during deposition of Eromanga 
Basin strata (Ambrose et al 2002). Models to explain the 
origin and subsidence history of the basin were summarised 
in Krieg et al (1995) and Waschbusch et al (2009), and a 
detailed discussion of the origin, subsidence history and 
tectonism of the basin is given in Munson (2013). In the 
Late Cretaceous, subsidence ceased in the basin, probably 
as a result of reduced tectonism to the east, and a subsequent 
rebound of the lithosphere resulted in the basin becoming 
inverted, with subsequent denudation of about 1–2 km 
(Raza et al 2009).

petroleum potentIal

The stacked Warburton, Pedirka and Eromanga basins in 
the southeastern corner of the NT and adjacent areas are 
prospective for both conventional and unconventional 
petroleum at a number of stratigraphic levels. The region 

has a relatively large prospective area of 70 000 km2, but 
has only been sparsely explored, although there is good 
potential for commercial hydrocarbon accumulations. 
Petroleum exploration commenced in the region in 1959 
and has continued intermittently until the present. In the 
NT portion of the basin, the most significant explorers 
were Beach Petroleum Ltd (now Beach Energy Ltd), who 
maintained a continuous presence from 1960 to 1989 (Questa 
1990), Central Petroleum Ltd, who acquired exploration 
tenements over most of the region in the late 2000s, and 
Santos Ltd, who farmed into and assumed operatorship of 
Central’s tenements in 2012. Exploration programs have 
resulted in the drilling of 18 wells in the NT portion of the 
basin (Figure 129), and a number of aeromagnetic, gravity 
and seismic surveys (Figure 130). However, only non-
commercial conventional hydrocarbon accumulations have 
been found in this area to date, in basal Jurassic sandstones 
of the Eromanga Basin. 

The petroleum prospectivity of the region has been 
discussed and summarised in numerous publications, the 
more significant of which include Smyth and Saxby (1981), 
Moore (1986a, b), Pitt 1986, Kingsley (1987), Questa (1990), 
Alexander et al (1996), Michaelsen and McKirdy (1996a, 
b), Carne and Alexander (1997), Gray and Draper (2002), 
Ambrose et al (2002, 2007, 2012a), Cotton et al (2006), 
Ambrose (2006b, 2008), Middleton et al (2007), Mulready 
Consulting Services (2009), Central Petroleum (2009c, 
2011c, d), Radke (2009), Ambrose and Heugh (2010, 2011), 
Sayers et al (2012a), Edgoose and Munson (2013), Munson 
and Ahmad (2013) and Munson (2013).

Source rockS

Generative source rocks and effective stratigraphic seals 
are yet to be identified in the Warburton Basin succession. 
However, excellent source rocks are present in Permian 
and younger rocks of the overlying Pedirka and Eromanga 
basins, and there is some potential for structural traps 
up-dip from these source rocks, where they have been 
juxtaposed against older reservoir rocks by faulting (see 
Pedirka Basin).
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Source rocks of the Pedirka and Eromanga basins 
have been discussed in a number of publications including 
Moore (1986b), Questa (1990), Carne and Alexander (1997), 
Ambrose et al (2002, 2007), Radke (2009) and Ambrose 
and Heugh (2010, 2011).

Source rock units

No potential source rocks have been identified within the 
deeply buried Warburton Basin to date. However, dark 
shale has been identified within the drilled succession, 
and potential source rocks might also be present within 
carbonate reef facies that have been tentatively identified 
on seismic data (Central Petroleum 2011b, Ambrose et al 
2012a). 

Coal measures and carbonaceous shale within the 
Permian Purni and Triassic Peera Peera formations 
constitute the best source rocks within the Pedirka Basin, 
whereas the two best source rocks in the Eromanga Basin 
are the Poolowanna and Toolebuc formations.

Thick coal measures from the Purni Formation have 
a high content of Type II/III or oil-prone kerogen (Smyth 
and Saxby 1981), and have fair to good source potential. 
The Peera Peera Formation also has fair to good source 
potential, mostly due to the formation’s coals, and Ambrose 
et al (2007) reported that it is a mixed oil–gas source rock 
in the Madigan and northern Poolowanna troughs. The 
formation has a TOC of up to 18%, with most of the organic 
material occurring towards the top of the unit (Questa 1990, 
Ambrose et al 2007). Samples from NT and SA drillholes 
record a high content of Type III kerogen, but Type II 
kerogen is present in shaly coal facies in Poeppels Corner-1 
(Ambrose and Heugh 2010).

The Poolowanna Formation has confirmed oil source 
rocks, particularly exinite-rich (sporinite, cutinite) shaly 
coal facies near the top of cycle 1 and, to a lesser extent, 
cycle 2 (Ambrose et al 2007). TOCs are up to 15% 
reflecting common coal seams and abundant dispersed 
organic matter present in intraformational shale (Ambrose 
et al 2002). Questa (1990) noted that middle Poolowanna 
Formation sandstone in Poolowanna-1 was oil saturated, 
the source most likely being intraformational coal and 
dispersed organic matter in fine-grained clastic rocks. The 

Toolebuc Formation is a rich oil/gas source rock that, in the 
western part of the Eromanga Basin, sometimes has minor, 
probably biogenic gas shows, with a minor component 
of heavy hydrocarbon molecules. In the eastern portion 
of the Eromanga Basin, TOCs in the range 9 –20% have 
been recorded from this formation (Ambrose and Heugh 
2011) and the unit has been described as an oil shale in the 
northern basin in Qld (Gray and Draper 2002). However, 
Boreham and Powell (1987) indicated that, in a general 
sense, the unit probably should be regarded as an immature 
petroleum source rock.

Other Eromanga Basin rocks have subordinate source-
rock potential, as discussed in Questa (1990). Although it is 
predominantly a coarse-grained interval, Questa considered 
the Algebuckina Sandstone to have significant source 
potential. TOC values as high as 10% have been reported 
from samples of the unit, with vitrinite the dominant 
maceral and exinite comprising up to 30% of organic 
content. The Wallumbilla Formation / Bulldog Shale 
interval was not considered by Questa to be a significant 
hydrocarbon source in the western Eromanga Basin, but the 
formation has fair to occasionally excellent source intervals 
elsewhere in the basin, with mixed marine and terrigenous 
exinitic and vitrinitic organic matter (Kantsler et al 1986). 
Similarly, the Cadna-owie Formation was assessed by 
Questa as having some source potential for both oil and gas, 
with a locally high exinite content (eg up to 35% of organic 
content in Colson-1). Ambrose and Heugh (2010) reported 
that thin silty shale of the basal Cadna-owie Formation 
(commonly referred to by petroleum geologists as ‘Murta 
Member’) may be the source rock for residual oil recorded 
in the underlying Algebuckina Sandstone. However, Questa 
(1990) commented that the Cadna-owie Formation generally 
appears to contain predominantly poor-quality, gas-prone 
Type III (vitrinite) kerogen. Low HIs suggest the presence 
of inertinite-rich and/or oxidised organic matter.

Maturation and migration

Existing quantitative data on maturity from the NT portion 
of the Pedirka Basin indicate that the source rocks are 
mature for oil generation over much of the basin at depth. 
Ambrose (2006b) noted that the thick Permian successions 
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in the Madigan and northern Poolowanna troughs are oil-
prone and -mature. Questa (1990) reported that Permian–
Triassic successions have reached the main oil-generative 
window [VR 0.7–0.9%] over large portions of the basin and 
Mulready Consulting Services (2009) reported samples of 
Purni Formation coal from drillhole Blamore-1 that yielded 
VR values in the range 0.52 – 0.58%, which places them in 
the early oil-generating window. However, they noted that 
values from drillholes within the Madigan Trough further 
south, where the coals are more deeply buried, will be 
higher and well within the oil-generative window. Ambrose 
and Heugh (2010) reported that the Purni succession has 
probably not reached the gas window in the axis of the 
Madigan Trough and, hence, oil may not have been displaced 
by gas on a regional scale to the distal basin margins, as it 
has in the Cooper Basin area. RockEval Pyrolysis data, HIs 
and VR data from Blamore-1 show that the organic matter 
at the top of the Purni coal succession is immature for oil 
generation, but is in the early oil-generating window near 
the base of the unit. The data indicate that the oil-generative 
window in the Pedirka Basin will be at a probable maximum 
depth of about 1250 m, with the hot dry gas window more 
deeply buried (Mulready Consulting Services 2009). 
Maturity modelling for the Triassic Peera Peera Formation 
in the Poolowanna Trough indicates that it is in the mid–late 
mature oil window (Ambrose et al 2007). Late Permian and 
Late Triassic episodes of regional tilting to the southeast 
indicate that the most deeply buried Permian and Triassic 
source rocks will also occur in the southeast, where they 
are probably in the late stages of oil generation (Ambrose 
2006b). 

Based on VR values and spore colouration (Thermal 
Alteration Indices), Questa (1990) reported that Middle–
Late Jurassic and Cretaceous successions of the western 
part of the Eromanga Basin in the NT are predominantly 
immature to marginally mature for effective oil generation 
and expulsion (VR <0.7%). However, the Early Jurassic 
Poolowanna Formation has reached the main oil-generative 
window, with peak maturity (VR 0.9%) in the Poolowanna 
Trough. Elsewhere in the region, the Poolowanna Formation 
is marginally mature (Michaelsen and McKirdy, 1996a, b). 
The Toolebuc Formation is not known to be thermally 
mature for oil/gas generation anywhere in the NT and, 
hence, sparse weak gas shows reported from the formation 
are probably biogenic in origin (Ambrose and Heugh 2011). 

Hydrocarbons were generated prior to Oligocene–
Miocene tectonism, but there is some uncertainty as to the 
exact timing. Questa (1990) indicated that Permian and 
post-Permian source rocks would have been incapable of 
generating liquid hydrocarbons until after the deposition 
of thick covering sediments of the Winton Formation 
(Eromanga Basin) in the Late Cretaceous and suggested 
that it would be unlikely that significant oil generation 
would have taken place much before Eocene time. However, 
Ambrose and Heugh (2010) preferred a Late Cretaceous 
time for maximum hydrocarbon generation, with initial 
generation/expulsion possibly occurring as early as the 
Early Cretaceous. In both cases, hydrocarbon generation 
is interpreted to have been in response to increasing 
temperatures related to loading associated with deposition 
of the Winton Formation, so that pre-Cenozoic structural 

and stratigraphic traps in the basin could have been effective 
trapping mechanisms prior to any significant oil migration. 
There is also some possibility that traps could have been 
filled at an earlier time if significant hydrocarbons have 
been generated and migrated from older Warburton Basin 
source rocks. Questa (1990) indicated that modelling of 
early Palaeozoic rocks in the Eringa Trough suggests 
that these more deeply buried rocks could have generated 
hydrocarbons in the Permian, or possibly during the later 
stages of the ASO in the Late Carboniferous.

reServoIr rock unItS and SealS

Potential reservoir rocks are relatively common within the 
Warburton Basin clastic succession, but these have not 
been assessed in any detail for their reservoir properties. 
For example, in McDills-1, a thick section of alluvial 
quartz clastic rocks, including conglomerate, sandstone 
and minor shale, contains potential reservoir rocks at 
a number of levels, including the Mereenie Sandstone 
equivalent (Amerada Petroleum 1965, Ambrose 2008). 
From seismic profiles, Ambrose (2008), Central Petroleum 
(2011b), Ambrose et al (2012a) and Sayers et al (2012a) 
have interpreted the presence of rimmed platform and 
barrier-reef facies in the northern part of the Warburton 
Basin and, if correct, this would suggest a range of possible 
reservoir–seal couplets that could include: (1) transgressive 
marine shale seals capping barrier-reef reservoirs, either 
internally or at the top of the succession; (2) transgressive 
marine shale/evaporite seals capping back-reef reservoirs; 
(3) back-reef/fringing-reef reservoir facies sealed against 
the Pellinor Fault Zone to the south of the Hale River High; 
and (4) shale seals isolating fore-reef slope clastic rock 
reservoirs from barrier-reef facies. However, any carbonate 
reservoirs of this age and depth of burial are likely to have 
lost most or all primary porosity/permeability, and therefore 
reservoir quality would probably be reliant on secondary 
porosity and/or fractures. 

In the Pedirka Basin, potential sandstone reservoirs 
possessing fair to good reservoir quality occur at the levels 
of the Crown Point Formation, Tirrawarra Sandstone 
equivalent and Peera Peera Formation. Good sandstone 
reservoirs also occur in the Poolowanna Formation and 
Algebuckina Sandstone of the overlying Eromanga Basin 
(Questa 1990). There is also some potential for sandstone 
reservoirs within the Purni Formation (Ambrose et al 
2007, Ambrose and Heugh 2010). Porosities are in the 
range <9–13% for the Crown Point Formation, 9–14% for 
the Tirrawarra Sandstone equivalent and 10–18% for the 
Peera Peera Formation (Kingsley 1987). Secondary fracture 
porosity could also be significant in some of the more deeply 
buried units and in the tighter rocks of the Crown Point 
Formation and Tirrawarra Sandstone equivalent (Ambrose 
et al 2002).

Significant reservoir–seal couplets within the Pedirka 
Basin (Ambrose and Heugh 2010, Figure 131) include: 
Tirrawarra Sandstone equivalent sandstone blanketed by 
basal shale of the Purni Formation shale, equivalent to 
the Tirrawarra Sandstone / lower Patchawarra Formation 
reservoir–seal couplet of the Cooper Basin (Ambrose 
et al 2002); intra-Purni Formation sandstone/shale; and 
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intra-Peera Peera Formation basal sandstone / top shale 
(Ambrose et al 2007). The basal Triassic Walkandi 
Formation is also an important regional seal (Ambrose 
2006b), and significant sheet-like regional reservoir–
seal couplets that could have trapped petroleum sourced 
from Permian–Triassic rocks also occur in the overlying 
Mesozoic Eromanga Basin succession, including intra-
Poolowanna Formation sandstone/shale, Algebuckina 
Sandstone / Cadna-owie Formation basal shale2 and Cadna-
owie Formation sandstone / Wallumbilla Formation shale.

Potential reservoirs in the Eromanga Basin are mainly 
in the lower part of the succession below thick Early 
Cretaceous marine strata, which constitute a widespread 
regional seal, commencing with the Wallumbilla 
Formation. The Eromanga Basin typically has vertically 
stacked hydrocarbon pools, and about 50% of the known 
fields in Qld and SA contain more than one pool (Gray 
and Draper 2002). This indicates that seals in the lower 
half of the succession are not wholly effective due to 
limited areal extent and variations in thickness and shale 
mineralogy (Carne and Alexander 1997). In the western 
part of the basin in the NT, where the succession overlies 
the Pedirka Basin, the best potential reservoir–seal 
couplets occur in: (1) the Poolowanna Formation, where 
lacustrine shale at the top of cycle 1 might form a regional 
seal to underlying braided fluviatile sandstone reservoirs; 
(2) the Algebuckina Sandstone, where reservoirs in 
the uppermost sandstone units might be sealed by thin 
silty shale of the basal Cadna-owie Formation (‘Murta 
Member’); and (3) Cadna-owie Formation shoreline 
sandstone reservoirs sealed by ubiquitous shale of the 
Wallumbilla Formation (Ambrose and Heugh 2010); these 
shoreline sandstone reservoirs form more significant 
regional targets where the basal Cadna-owie Formation 

2   Equivalent to uppermost ‘Murta Formation’ shale of previous 
usage (eg Ambrose and Heugh 2010), but referred to basal Cadna-
owie Formation by Gray et al (2002). Murta Formation and 
underlying Namur Sandstone in the Cooper Basin are equivalent 
to upper Algebuckina Sandstone in the Poolowanna Trough 
(Krieg et al 1995).

shale is thin or absent. Ambrose and Heugh noted that 
all three seals have regional extent in the western part of 
the Eromanga Basin and that the latter two reservoir–seal 
configurations are common to both the Pedirka Basin and 
Cooper Basin areas. 

The Poolowanna Formation contains the deepest 
reservoir units in the Eromanga Basin succession, up to 
2226 m in the Poolowanna Trough. Porosity averages 
13%, with deeper samples showing the lowest average 
porosities due to the formation of quartz overgrowths, 
whereas permeability is in the range 0.001 –3674 mD 
(Carne and Alexander 1997). The Algebuckina Sandstone 
has good to excellent porosity and permeability, and forms 
a major artesian aquifer (Krieg 1985). In Blamore-1, the 
Algebuckina Sandstone contained a 15 m residual oil 
column beneath a basal Cadna-owie Formation seal 
(Ambrose and Heugh 2010). The Cadna-owie Formation 
forms the uppermost potential reservoir in the basin, 
below the regional seal of the Early Cretaceous marine 
succession. Carne and Alexander (1997) commented 
that the formation is generally poorly permeable in SA 
and not considered to be a potential reservoir unit, but 
Questa (1990) and Ambrose and Heugh (2010) noted that 
excellent porosities and permeabilities are present within 
the uppermost part of the unit in the NT. 

petroleum SyStemS

The Pedirka Basin contains elements of the Permian–
Triassic Gondwanan Petroleum Supersystem of Bradshaw 
(1993) and Draper (2000), whereas the Eromanga Basin, 
which is a significant oil/gas producer in both Qld and SA, 
contains elements of the Murta Petroleum Supersystem.

At least three unnamed petroleum systems are present 
in the Simpson Desert area (Questa 1990, Ambrose et al 
2002); these incorporate source rocks of the Permian 
Purni and Triassic Peera Peera formations (Pedirka 
Basin), and the Early Jurassic Poolowanna Formation 
(Eromanga Basin), plus a number of possible reservoir 
configurations.
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proSpectIvIty

conventional petroleum

The stacked Warburton, Pedirka and Eromanga basins 
have an abundance of organically rich source rocks, porous 
and permeable reservoirs with effective vertical seals, 
and closed anticlinal structures. Reservoir objectives and 
their associated source rocks range in age from earliest 
Cambrian to Early Cretaceous. Late Palaeozoic and 
Mesozoic rocks remain the primary exploration targets, but 
underlying Palaeozoic (Cambrian to Devonian) clastic and 
carbonate rocks provide significant secondary objectives. 
Possible plays in this region are associated with fractured 
basement rocks (Central Petroleum 2011f), early and middle 
Palaeozoic rocks of the Warburton Basin, Permian and 
Triassic rocks of the Pedirka Basin, and Mesozoic rocks 
of the Eromanga Basin. These basins have structures and 
depocentres in common, and petroleum systems are not 
necessarily confined to any one basin succession. 

Warburton Basin

Petroleum exploration programs that have encountered the 
succession in the western part of the Warburton Basin in 
the NT have been mostly targeted at overlying Pedirka–
Eromanga basin plays, and the hydrocarbon potential 
of this deeply buried basin is therefore largely untested. 
Potential source rocks, thermal maturity, reservoir rocks, 
seals and possible trap configurations within the basin 
have not been evaluated, and the presence of a Palaeozoic 
petroleum system, analogous to those of the contiguous 
Amadeus Basin, is yet to be demonstrated. Nevertheless, 

the Warburton Basin has strata that are equivalent to the 
Ordovician Larapinta Group of the Amadeus Basin, which 
hosts the Mereenie, Palm Valley and Surprise petroleum 
fields. There might therefore be some potential for similar 
hydrocarbon accumulations in its clastic/carbonate 
successions, although these are now at considerable depth 
and might be overmature. 

Very little information is available on possible trap 
configurations within the poorly studied clastic succession. 
However, a range of fine to coarse facies are present, and 
the basin has experienced multiple structuring events, 
suggesting that stratigraphic and combination stratigraphic–
structural traps may be present. The recognition of possible 
rimmed platform and barrier-reef facies in the northern part 
of the Warburton Basin (Ambrose 2008, Central Petroleum 
2011b, Ambrose et al 2012a, Sayers et al 2012a) allows for 
a variety of potential petroleum reservoirs and stratigraphic 
traps that could contain commercial hydrocarbon 
accumulations. Potential targets are at viable depths of 
2500–3500 m, and could include carbonate and associated 
clastic rocks of the interpreted barrier-reef complex (Pellinor 
prospect, Figure 132), fringing reef, back reef, barrier reef, 
channelised fore-reef slope and toe-of-slope apron facies. 
For the interpreted carbonate platform (Erec and Lucan 
prospects), potential targets include the inner platform, 
carbonate mound facies, platform rim, fore-reef slope and 
toe-of-slope apron clastic rocks (Ambrose 2008, Ambrose 
et al 2012a). The Erec prospect has a P50 Undiscovered Oil 
Initially In Place (UOIIP) potential of 1400 mmbbl (Central 
Petroleum 2011e, table 3). 

Pedirka Basin

Figure 133 shows the known distribution of Permian 
prospects and leads, and Permian Purni Formation source 
kitchens in the Pedirka Basin. Significant Permian and 
Triassic source kitchens that would be expected to be mature 
for oil generation (VR >1.0%) are located in the Madigan, 
northern Poolowanna and northern Eringa troughs. The 
absence of gas displacement of early-reservoired oil would 
be conducive to relatively short migration pathways for 
oil generated in these troughs, and traps formed prior to 
loading by the Winton Formation that are within 5–20 km 
of source kitchens are therefore good exploration targets 
(Ambrose and Heugh 2010). Favourable structural settings 
would be enhanced by a prolonged history of structural 
growth that would maximise the possibility of migration 
postdating structuring (Ambrose et al 2002). Possible traps 
(Figures 131, 133) include numerous four-way dip closures, 
combination structural–stratigraphic plays on the flanks of 
reactivated basement highs involving onlap of sandstone 
reservoirs, hangingwall fault plays (eg on the southern, 
fault-bounded margin of the Hale River High), and pinchout 
plays towards the basin margins (Ambrose et al 2002, 
Ambrose and Heugh 2010). Effective traps might occur 
within these structures at a number of stratigraphic levels 
ranging from the early Palaeozoic to the Mesozoic within 
the stacked Warburton, Pedirka and Eromanga basins. 
The major risk for preservation of early-formed oil pools 
is the breaching of traps by the reactivation of faults in the 
Cenozoic (Ambrose and Heugh 2010).
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There are a number of petroleum leads and prospects 
(Figure 133) in the vicinity of the Pedirka Basin that have 
attracted recent exploration interest, including the Madigan, 
Simpson East, Avalon and Blamore prospects. The Madigan 
prospect is a multi-level robust four-way dip closure at 
Permian–Jurassic and probably earlier Palaeozoic levels to 
the northeast of the adjacent Madigan Trough. It has a P50 
UOIIP potential of 4200 mmbbl in post-Permian sediments 
alone (Central Petroleum 2011e, table 3). The Simpson East 
prospect is a robust four-way dip closure at Palaeozoic and 
Mesozoic levels, located between the Madigan and northern 
Poolowanna troughs. This prospect is interpreted to have 
formed largely as a result of drape and compaction over an 
interpreted massive ?Devonian ?carbonate platform developed 
on a regional high. It has a P50 UOIIP of up to 350 mmbbl 
in post-Permian strata and an additional 1400 mmbbl UOIIP 
at pre-Permian (?Devonian) levels (Erec prospect; Central 
Petroleum 2011e). Drillhole Simpson-1 tested a small sub-
closure to the west of the main structure, but only encountered 
minor oil shows in Jurassic strata (Central Petroleum 2009b). 
The Avalon and Blamore prospects are the northernmost of 
a series of prospects located along the northern end of the 
anticlinal Hallows Trend between the Eringa and Madigan 
troughs. Drillhole Blamore-1 tested the Blamore structure, 
and intersected a 15+ m residual oil column at Mesozoic 
levels (Central Petroleum 2008), but no ‘live’ oil. Ambrose 
and Heugh (2010) speculated that this residual oil column may 
represent a migration pathway, which raises the possibility of 
spill-migration up-dip along the Hallows Trend to a greater 
fault-dependent closure associated with the Camelot Fault 
(Figure 123).

Eromanga Basin

The NT potion of the Eromanga Basin has only been sparsely 
explored for conventional petroleum, although there is good 

potential for commercial accumulations. So far, only non-
commercial conventional hydrocarbon accumulations have 
been found in this area, in basal Jurassic sandstones of the 
basin. Of particular significance is a breached oil pool in 
a subtle Jurassic structure probably formed by drape and 
compaction that was intersected in drillhole Poolowanna-1 
in SA, and the presence of residual oil columns in drillholes 
Colson-1 and Blamore-1 (Ambrose et al 2002, 2007, Ambrose 
and Heugh 2010). These are indicative of hydrocarbon 
migration to pre-Cenozoic structures in the region.

Most exploration activity in the Eromanga Basin has 
targeted strata overlying the Cooper Basin, on the basis that 
Eromanga reservoirs may have been charged as a result of 
vertical migration from Permian source rocks (Heath et al 
1989). However, Michaelsen and McKirdy (1989, 1996a, b) 
concluded that there has been little appreciable migration 
from Permian source rocks into Eromanga Basin reservoirs 
in the southern Cooper Basin region, and that many of 
the oils reservoired in the Eromanga Basin in that area 
were generated in situ. Long-distance lateral migration 
towards the basin margin has also been proposed in the 
southwestern part of the Eromanga Basin in SA (McKirdy 
and Willink 1988), but in the western portion of the basin in 
the NT, relatively short migration pathways are more likely 
in the absence of gas displacement of early-reservoired oil 
(Ambrose and Heugh 2010, Figure 134). Most hydrocarbon 
generation is believed to have occurred as a result of 
sediment loading by the Winton Formation, either at 
the time of deposition of this unit in the Late Cretaceous 
(Ambrose and Heugh 2010), or afterwards in the Cenozoic 
(Questa 1990). In both cases, pre-Cenozoic structural and 
stratigraphic traps in the basin might have been effective 
trapping mechanisms prior to any significant oil migration, 
and structures that formed during the Cenozoic are therefore 
less favourable prospects (Carne and Alexander 1997, 
Ambrose and Heugh 2010). It is also possible that some oil 
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may have been generated in major depocentres during the 
Early Cretaceous or earlier times from the Permian Purni 
Formation and older source rocks (Questa 1990, Ambrose 
and Heugh 2010). 

Figure 134 shows the known distribution of Jurassic 
prospects and leads, and Poolowanna Formation source 
kitchens in the Eromanga Basin in the NT. Possible traps 
include numerous four-way dip closures, combination 
structural–stratigraphic plays on the flanks of reactivated 
basement highs involving onlap of sandstone reservoirs, 
hangingwall fault plays (eg on the southern, fault-
bounded margin of the Hale River High), and pinchout 
plays towards the basin margins (Ambrose et al 2002, 
Ambrose and Heugh 2010). Many of the more significant 
prospects and leads mirror those of the underlying 
Pedirka Basin. 

The major risk for the preservation of early-formed oil 
pools is the breaching of traps by the reactivation of faults 
in the Cenozoic. Oil-bearing structures may survive mild 
reactivation, but those displaying catastrophic Cenozoic 
faulting are largely non-prospective (Ambrose and Heugh 
2010).

unconventional petroleum

The extensive Permian and lesser Triassic coal measures 
and carbonaceous shale of the Pedirka Basin have potential 
for coal bed methane drainage and/or underground coal 
gasification, which could be exploited via gas-to-liquids 
processes, so as to produce ‘ultra-clean’ distillate fuels. 
Because potential source rocks are rich in oil-prone 
macerals, the gas adsorbed to the coal will contain 

higher homologues than methane, and should produce 
more synthetic crude and syngas during synthesis than 
methane alone would (Mulready Consulting Services 
2009). Mulready Consulting Services (2009) estimated 
the total unrisked and, as yet, undiscovered, prospective 
recoverable synthetic gas (syngas) resource contained 
within the coals of the Purni Formation, above an 
arbitrary 1000 m cutoff, to range from a low estimate 
of 11.1 x 109 Bscf (11 771 069 PJ) to a high estimate of 
13.9 x 109 Bscf (14 740 348 PJ) for Central Petroleum’s 
Pedirka Basin acreage alone (table 1). The Purni 
Formation is also prospective for shale gas and Rawsthorn 
(2013) calculated a potential Best Estimate Recoverable 
Resource from the formation in the NT and SA of 
43 000 Bscf (45 600 PJ, table 5). Commercial exploitation 
of these unconventional resources would need to take 
into account the presence of a major aquifer of the Great 
Artesian Basin in the overlying Algebuckina Sandstone in 
the Eromanga Basin (Krieg 1985).

Ambrose and Heugh (2011) reported on the 
unconventional potential of Mesozoic rocks in the western 
part of the Eromanga Basin. The two most prospective 
intervals are the Toolebuc Formation and overlying basal 
Allaru Mudstone (referred to as Oodnadatta Formation 
by Ambrose and Heugh). Boreham and Powell (1987) 
indicated that the Toolebuc Formation should generally be 
regarded as an immature petroleum source rock, and the 
unit is considered to be an oil shale in the northeastern 
part of the basin in Qld. Exoma Energy (2012) considered 
the formation to have ‘excellent potential’ to generate 
hydrocarbon liquids in these areas, but Geoscience 
Australia and ABARE (2010) noted that the oil yield from 
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the formation in Qld is a relatively low 37 l/t, making it 
a low-grade resource. The Toolebuc Formation also has 
a source rock component that has generated gas (Exoma 
Energy 2012), and Rawsthorn (2013) calculated a potential 
Best Estimate Recoverable Resource for shale gas from the 
formation in Qld of 82 000 Bscf (86 957 PJ, table 5). In 
the NT portion of the basin, the Toolebuc Formation has 
yielded probably biogenic gas and is similarly prospective 
for unconventional petroleum (Ambrose and Heugh 2011), 
although it has yet to be assessed in detail. The overlying 
basal Allaru Mudstone also has untested unconventional 
petroleum potential; Ambrose and Heugh (2011) identified a 
40  m-thick gross interval of tight, very fine- to fine-grained 
glauconitic sandstone within this formation that appears 
to be gas charged, probably from underlying Toolebuc 
Formation source rocks. 

onSHorE BonAPArtE BASIn

IntroductIon

The Bonaparte Basin (Figures 135, 136) is a large, 
predominantly offshore, composite polyphase sedimentary 
basin, extending from onshore coastal areas along the 
NT–WA border northward into the Timor Sea across 
Australia’s continental margin. The basin covers an area of 
approximately 270 000 km2, with the onshore portion being 
about 20 000 km2. It contains up to 15 km of Phanerozoic, 
marine and fluvial, siliciclastic and carbonate sedimentary 
rocks. Along with the Browse, Roebuck and Carnarvon 
basins in WA, the Bonaparte Basin forms part of the late 
Paleozoic to Cenozoic Westralian Superbasin (Bradshaw 
et al 1988), which extends along the northwestern continental 
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margin of Australia from the Arafura Sea in the north to 
the Exmouth Plateau in the south. The boundaries of the 
Bonaparte Basin are not well defined. Onshore areas in the 
south are faulted against the Palaeoproterozoic Pine Creek 
Orogen, and Mesoproterozoic? Fitzmaurice and Kimberley 
basins. In offshore areas to the east, the basin is bounded by 
the Lynedoch Bank Fault System, which separates it from 
the Money Shoal Basin; and to the southwest, it adjoins 
the offshore Browse Basin. This chapter will focus only 
on the onshore portion of the basin; further information on 
the offshore portion can be found in Ahmad and Munson 
(2013e).

The Bonaparte Basin is structurally complex and 
consists of a number of Palaeozoic and Mesozoic platform 
areas and sub-basins (Mory 1991). The onshore basin 
consists of the southern portions of the largely offshore 
Petrel and Keep Inlet sub-basins, as well as the onshore 
Carlton and Burt Range sub-basins and Moyle Platform 
(Figure 135). The Moyle Platform is bounded to the east 
by major faults of the Fitzmaurice Mobile Zone, and to the 
west by the Moyle River Fault. The Kulshill Terrace refers 
to the onshore parts of the Petrel and Keep Inlet sub-basins 
to the west of the Moyle River Fault, where a thick, poorly 
exposed Palaeozoic succession has been intersected in 
drillholes.

Regional studies of the onshore succession include 
Traves (1955), Brady et al (1966), Veevers and Roberts 
(1968), Dickins et al (1972), Laws (1981), Whitehead and 
Fahey (1985), Beere and Mory (1986), Mory (1988, 1991), 
Mory and Beere (1988), Lavering and Ozimic (1989), 
Petroconsultants (1990), McConachie et al (1996), Dunster 
et al (2000) and Gorter et al (2005). Significant summaries 

of the basin with further references include Longley et al 
(2002), Cadman and Temple (2003), Geological Survey of 
Western Australia (2009), Geological Survey of Western 
Australia (2009), Geoscience Australia (2013) and Ahmad 
and Munson (2013e). 

The Bonaparte Basin is a well established oil and 
gas province, with proven resources and a number of 
currently producing fields in offshore areas. Recent 
summaries of the offshore petroleum geology of the 
basin are in Geoscience Australia (2013) and Ahmad and 
Munson (2013e). Only the onshore petroleum geology of 
the basin is considered in this report. Most exploration 
activity within the basin has been focused offshore, 
where numerous petroleum accumulations have been 
identified (Figure 137). However, some potential remains 
onshore, where exploration costs are significantly cheaper. 
A number of stratigraphic wells were drilled onshore 
near Spirit Hill in AUVERNGE; these failed to detect 
significant oil, but dry gas flows have been achieved from 
the Enga Sandstone and/or Milligans Formation in most 
cases where these units were intersected. Notable previous 
publications on the petroleum geology of onshore areas 
of the basin include Laws (1981), Mory and Beere (1988), 
Petroconsultants (1990), Comada Energy (1991), Colwell 
and Kennard (1996), McConachie et al (1996), Edwards 
et al (1997, 2000, 2004, 2006), Edwards and Summons 
(1996a, b), Cadman and Temple (2003), Edwards and 
Zumberge (2005), Gorter et al (2004, 2005), Warris 
(2004), Earl (2004), Gorter (2006), AOG (2014c), Advent 
Energy (2012a, b, 2013), Geological Survey of Western 
Australia (2009), Geoscience Australia (2009, 2013) and 
Ahmad and Munson (2013e). 
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Summary of StratIgraphIc SucceSSIon

The stratigraphic succession of the southeastern 
Bonaparte Basin in the NT is complex, and has been 
defined and described in a number of publications 
including Beere and Mory (1986), Mory and Beere 
(1988), Mory (1991), Gorter (1998), Gorter et al (1998b, 
2004, 2005, 2008, 2009) and Ahmad and Munson 
(2013e). Useful recent summaries of the Petrel and Keep 
Inlet sub-basins are in Geoscience Australia (2013) and 
Ahmad and Munson (2013e).

Palaeozoic sedimentary rocks outcrop along the 
coast and hinterland in the NT, and in WA. In the NT, the 
succession comprises the Late Devonian Cockatoo and 
Ningbing groups, Late Devonian–Early Mississippian 
Langfield Group, Mississippian Weaber Group, Late 
Mississippian–Early Pennsylvanian Wadeye Group, 

Early Pennsylvanian–Cisuralian Kulshill Group 
and Cisuralian to Middle Triassic Kinmore Group 
(Figure 138). In onshore NT, the succession is overlain 
by isolated Early Cretaceous rocks. In WA, the more 
than 1200 m of clastic and carbonate rocks of the 
middle Cambrian–Early Ordovician Carlton Group 
(Caye 1968) outcrop along the southwestern margins of 
the onshore basin, unconformably overlying tholeiitic 
basalts of the late early Cambrian Antrim Plateau 
Volcanics (Kalkarindji Province). These are the oldest 
sedimentary rocks within the basin. The Carlton Group 
does not outcrop in the NT, although it is possible 
that it may occur in the subsurface, and it is only 
tentatively identified in the subsurface in offshore areas 
(Petroconsultants 1990). Figure 139 shows the facies 
relationships within the pre-Permian succession in the 
onshore Bonaparte Basin.
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Late devonian–carboniferous

Cockatoo Group

The Cockatoo Group (Rowley and Lee 1986, Figure 140) 
has been divided into 10 formations, as summarised 
by Mory and Beere (1988), but only two formations are 
recognised in the NT (Dunster et al 2000): the Ragged 
Range Conglomerate and overlying Kellys Knob 
Sandstone (Figure 141). The formations have complex 
lateral and vertical stratigraphic relationships, and several 
unconformities have been recognised within the succession 
(Mory and Beere 1988). The Cockatoo Group is regarded as 
being Frasnian (Late Devonian) in age (Veevers and Roberts 
1968). It is unconformable on Proterozoic rocks of the Halls 
Creek Orogen and on the Antrim Plateau Volcanics. 

The Ragged Range Conglomerate (Veevers and Roberts 
1968) comprises flat-lying beds of polymictic conglomerate 
and sandstone, and reaches a maximum thickness of about 
300 m (Pontifex and Sweet 1972). The formation was 
deposited in alluvial fan to shallow tidal conditions, and 
fossils within the formation demonstrate a marine setting 
and a Frasnian age, at least in part (Veevers and Roberts 

1968). The Kellys Knob Sandstone (Rowley and Lee 1986) 
consists of quartz sandstone with conglomeratic beds 
towards the base (Whitehead and Fahey 1985). Facies 
analysis of the Kellys Knob Sandstone in WA led to the 
recognition of aeolian, fluvial and tidal environments of 
deposition (Mory and Beere 1988). In Keep River National 
Park, the Kellys Knob Sandstone is a distal facies equivalent 
of the Ragged Range Conglomerate, and contains fluvially 
reworked alluvial fan deposits (Dunster et al 2000). 

Ningbing Group

The Ningbing Group (Mory and Beere 1988, Figure 140) 
is only exposed in a narrow north-northwest-trending 
belt in WA. In the NT, it is entirely subsurface and is 
only known from petroleum and deep mineral drillholes 
in AUVERGNE and PORT KEATS (Dunster et al 2000, 
Gorter et al 2005, Figure 142). In WA, the group has been 
subdivided into five formations, in ascending stratigraphic 
order; the Djilirri Limestone, Kamilili Formation, 
Wungabal Limestone, and the laterally equivalent Garimala 
Limestone and Buttons Formation (Mory and Beere 1988). 
In the NT, only the Buttons Formation is recognised, the 
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Figure 141. View south from Nigli Gap 
in AUVERGNE, showing Late Devonian 
strata of Cockatoo Group overlying early 
Palaeozoic and Proterozoic strata (after 
Whitehead and Fahey 1985). Cockatoo 
Group: a = Kellys Knob Sandstone; b = 
Ragged Range Conglomerate; c = late 
early Cambrian Antrim Plateau Volcanics; 
d = Meso–Neoproterozoic rocks of 
Victoria and Wolfe basins; e = Palaeo–
?Mesoproterozoic Legune Formation of 
Fitzmaurice Basin; f = Palaeoproterozoic 
rocks of Halls Creek Orogen.
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remainder of the succession being undivided. As a result 
of local disconformities and rapid lateral facies changes, 
the thickness of the group varies considerably, from 171 m 
in drillhole Ningbing-1 in WA (Mory and Beere 1988) to a 
maximum of 1166 m in drillhole Keep River-1 (Caye 1969). 
The group is Late Devonian in age (Mory and Beere 1988), 
and consists predominantly of carbonate rocks deposited 
as a reef complex similar to those of the Canning basin 

in WA (Playford et al 2009). The group is conformable or 
disconformable on the Cockatoo Group, and disconformable 
on Proterozoic rocks, and on the Antrim Plateau Volcanics. It 
is conformably or disconformably overlain by the Langfield 
Group, and disconformably overlain by the Weaber Group 
(Mory and Beere 1988). 

A 1166 m-thick section of undivided Ningbing Group 
consists of limestone and dolostone with authigenic quartz 
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and fossil fragments, interpreted as representing a back-
reef lagoonal environment. This is overlain by bioclastic 
and mottled limestone that contains algal bioherms and 
abundant bioclastic fragments, interpreted as representing 
a shallow water turbulent environment, presumably in the 
reef-crest or fore-reef zones (Caye 1969).The uppermost 
Devonian (upper Famennian) Buttons Formation (Mory 
and Beere 1988) is 350 m thick, and consists of limestone 
and sandstone, with sandy and laminated carbonate beds. A 
lagoonal to ?back-reef setting has been interpreted for the 
formation (Mory and Beere 1988).

Langfield Group

The Langfield Group (Beere and Mory 1986, Figure 140) 
reaches a maximum thickness of about 900 m, and has been 
divided into five formations (Creevey 1966, Duchemin and 
Creevey 1966, Dickins et al 1972): the subsurface Bonaparte 
Formation; and the outcropping Burt Range Formation, 
Enga Sandstone, Septimus Limestone and Zimmerman 
Sandstone (Figure 143). The group is unconformably 
overlain by the Weaber Group and by the Border Creek and 
Keep Inlet formations of the Kulshill Group.

The Bonaparte Formation occurs in the subsurface 
in WA and in northwestern NT, and probably in offshore 
areas of the Petrel Sub-basin. This thick formation consists 
of mainly fine-grained siliciclastic and lesser carbonate 
rocks, deposited in a quiet-water marine shelf or a deeper 
basinal setting of uncertain depth (Mory and Beere 1988). 
The formation is interpreted as the distal equivalent of 
other units of the group that were deposited in a more 
proximal, shallow-marine shelf setting. It is a very long-
ranging sedimentary unit that is also regarded as being the 
basinal equivalent of proximal formations of the underlying 
Cockatoo and Ningbing groups (Mory 1990a, McConachie 
et al 1996). The Burt Range Formation comprises calcareous 
sandstone, quartzic limestone, dolostone and carbonaceous 
shale, deposited in a shallowing environment from inner 
shelf to shoreface on a clastic-influenced carbonate platform 
(Mory and Beere 1988). The Enga Sandstone (Traves 
1955) consists of fossiliferous quartz sandstone with minor 
siltstone, shale and quartzic limestone, deposited in a 

shallow-marine setting dominated by beach, tidal channel 
and barrier/lagoon environments (Mory and Beere 1988). 
The Septimus Limestone (Veevers and Roberts 1968) 
consists of limestone and calcareous sandstone (Mory 
and Beere 1988), deposited in a high-energy shallow 
water environment (Veevers and Roberts 1968, Mory and 
Beere 1988). The Zimmerman Sandstone (Veevers and 
Roberts 1968) consists of quartz or calcareous sandstone 
with interbedded siltstone (Veevers and Roberts 1968). A 
shoreface to shallow-marine environment of deposition is 
likely (Mory and Beere 1988). 

Weaber Group

The Weaber Group (Traves 1955, Gorter et al 2005, 
Figure 144) is a complex succession of clastic and carbonate 
sedimentary rocks that reaches a maximum thickness of 
about 2400 m, and is separated by several unconformities. 
The group is exposed in the onshore Petrel Sub-basin in the 
NT. The group contains eight formations (Mory and Beere 
1988, Gorter et al 2005); of these, the Milligans Formation, 
including the Waggon Creek facies association, subsurface 
Yow Creek Formation, subsurface Utting Conglomerate, 
subsurface Kingfisher Shale, Burvill Formation and 
subsurface Tanmurra Formation are found in onshore areas 
of the NT. The Weaber Group is generally unconformable 
on the Langfield Group, although the relationship may be 
conformable in offshore depocentres (Mory 1991), and is 
unconformably overlain by the Wadeye Group. It is Early 
Carboniferous (Mississippian: latest Tournaisian to early 
Serpukhovian) in age (Mory and Beere 1988, Gorter et al 
2005).

The Milligans Formation (Caye 1968, Gorter et al 2005) 
consists mostly of fossiliferous silty shale, interbedded 
sandstone, limestone and conglomerate deposited in a 
mostly marine depositional setting (Mory and Beere 1988, 
Gorter et al 2005). The Yow Creek Formation is 400 m thick 
and consists of slightly silty and rarely fossiliferous shale, 
with common ironstone and a basal, weakly fossiliferous 
sandy siltstone (Gorter et al 2005). Lavering and Ozimic 
(1989) interpreted the ‘upper Milligans Formation’ 
(presumably Yow Creek Formation) as a prograding delta 

Figure 143. Langfield Group. View 
south from northern end of Burt Range 
Amphitheatre in AUVERGNE, showing 
Burt Range Formation overlain by Enga 
Sandstone with Zimmerman Sandstone 
in middle distance. Border Creek 
Formation of Kulshill Group overlies 
Enga Sandstone and Zimmerman 
Sandstone. a = Border Creek Formation; 
b = Zimmerman Sandstone; c = Enga 
Sandstone; d = Burt Range Formation; e 
= Kellys Knob Sandstone of underlying 
Cockatoo Group (after Whitehead and 
Fahey 1985).
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succession and Gorter et al (2005) indicated that the 
formation was deposited during a ‘regression, possibly 
driven by tectonics’. The Utting Calcarenite (Veevers and 
Roberts 1968) consists of fossiliferous sandy limestone, 
calcareous sandstone and sandstone (Veevers and Roberts 
1968, Mory and Beere 1988). Mory and Beere (1988) 
interpreted the formation as a low-energy marine deposit, 

whereas Gorter et al (2005) argued for a more energetic 
low-stand environment, from the presence of large amounts 
of course-grained detritus and reworked fossils. The 
subsurface Kingfisher Shale (Gorter et al 2005) consists of 
slightly micaceous and carbonaceous claystone with minor 
siltstone and sandstone. Fauna and microflora indicate a late 
Visean age for the formation and a moderately deep marine 
environment of deposition, interpreted as representing a 
rapid deepening event following earlier Visean regressions 
(Gorter et al 2005). The Burvill Formation (Cockbain 1985) 
consists of sandstone and minor siltstone, shale, calcareous 
sandstone and quartzic limestone, deposited in shoreface 
and offshore depositional environments in a delta-front 
or prodelta setting. The subsurface Tanmurra Formation 
(Caye 1968) consists of calcareous and dolomitic sandstone 
with minor limestone, siltstone and shale, deposited in a 
deltaic to shallow-marine shelf environment (Mory and 
Beere 1988, Gorter et al 2005). Reworked fossil material 
of Ordovician to Early Carboniferous age indicates the 
active erosion of earlier rocks (Gorter et al 2005), and the 
formation is regarded as being transgressive. 

Wadeye Group

The Wadeye Group (Gorter et al 2005, Figure 144) is 
represented in the NT by the subsurface Arco and Aquitaine 
formations. Both formations consist of interbedded siltstone/
shale and sandstone, and they have a composite thickness of 
850 m. The Arco Formation was deposited in a progradational, 
marine environment while the Aquitaine Formaiton was 
deposited in a most non-marine environment. Fossils present 
in the Acro Formation indicate a Serpukhovian to earliest 
Pennsylvanian age and the group is considered to be Late 
Mississippian–Early Pennsylvanian (Gorter et al 2005)

Late carboniferous–Middle triassic

Kulshill Group

The Late Carboniferous to Early Permian Kulshill Group 
(Gunn 1988, Figures 138, 144) occurs extensively as 
exposures and in the subsurface in the onshore Petrel 
and Keep Inlet sub-basins in the NT. The group is over 
1500 m thick and comprises seven formations. It is 
unconformable on the Wadeye Group or, where this is 
absent, on older Palaeozoic units, including the Langfield 
Group in onshore areas in the NT (Whitehead and Fahey 
1985, Petroconsultants 1990, Dunster et al 2000). The 
group was deposited in an overall transgressive cycle, and 
environments of deposition for the group include fluvial, 
fan delta and shallow marine, overprinted by the onset of 
glaciation in the upper Kuriyippi Formation (Mory 1991, 
Mory et al 2008). Glacial strata in the Bonaparte Basin are 
restricted to the Kulshill Group (Mory et al 2008).

The Kulshill Group comprises seven formations; the 
lowermost are the Kuriyippi Formation and its western 
basin-margin equivalent, the Border Creek Formation. 
These are overlain by, in ascending stratigraphic order, the 
Treachery Formation, Quoin Formation, Ditji Formation 
and Keyling Formation. The poorly dated Keep Inlet 
Formation occurs in the onshore Keep Inlet Sub-basin, and 

La
ng

fie
ld

G
ro

upTo
ur

na
is

ia
n

E
ar

ly

S
er

pu
k-

ho
vi

an

La
te

V
is

ea
n

M
id

dl
e

B
as

hk
iri

an

E
ar

ly

Pe
nn

sy
lv

an
ia

n
M

is
si

ss
ip

pi
an

La
te

Pe
rio

d

G
zh

el
ia

n

Kasi-
movian

Permian

M
os

c-
ov

ia
n

G
lo

ba
l

st
ag

e

M
id

dl
e

Wadeye
Group

Bonaparte
Formation

?

?

Milligans
Formation

Yow Creek Formation

Tanmurra Formation

Sunbird
Formation

Kuriyippi
Formation

basin
eastern

shelf
western

shelf

Utting Calcarenite

Mid-Tn
Breccia

Burt
Range

Fm

Burt
Range

Fm

Enga Sst
Septimus Lst
Zimmermann Sst

Waggon
Creek
Facies

Burvill
Fm

Sandbar
Sandstone

Point
Spring

Sandstone

Border

Creek

Formation

Border

Creek

Formation

W
ea

be
r G

ro
up

Ku
ls

hi
ll 

G
ro

up

Petrel Sub-basin and
onshore Bonaparte Basin

Point
Spring

Sandstone Arco Formation

Aquitaine Formation

Burvill
Fm

Kingfisher Sh

Waggon
Creek
Facies

Dev
A12-291.ai

Figure 144. Carboniferous stratigraphic succession of 
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its relationships to the other formations are uncertain; it 
may be equivalent to either the upper Kuriyippi Formation 
or to younger units. 

The Kuriyippi Formation (Mory 1991) is a succession of 
thick upward-fining cycles of sandstone, siltstone, shale and 
minor coal, overlain by glacial sandstone and conglomerate, 
and reaches a maximum thickness of 1017 m (Mory 1991). 
The upward-fining cycles are indicative of mainly fluvial 
deposition, including meandering stream deposits, but 
the presence of glauconite in some drillholes suggests a 
shallow-marine environment at least in part (Gorter et al 
2008), and the top of the Kuriyippi Formation is glaciogenic. 
A complex incised channel network at the top of the 
Kuriyippi Formation suggests that the area lay under an ice 
sheet at this time (Gorter et al 2008). The subsurface Keep 
Inlet Formation (Cockbain 1985) consists of calcareous, 
feldspathic and lithic quartz sandstone, with clay clasts, and 
pebbles and boulders of exotic rocks, and minor coal, which 
are indicative of fluvial and fan delta environments with a 
glacial influence (Veevers and Roberts 1968, Gorter et al 
2008). The Border Creek Formation (Veevers and Roberts 
1968) consists of sandstone and conglomerate with lesser 
interbedded siltstone, deposited in a high-energy fluvial 
environment of deposition, with siltstone representing 
overbank deposits (Whitehead and Fahey 1985). The 
Treachery Formation (Mory 1988) consists of tillite, 
diamictite, carbonaceous shale, varved siltstone, sandstone, 
and minor limestone and coal (Mory 1991, Gorter et al 
2008) and the diamictite contains exotic pebbles, some of 
which are facetted. The depositional environment for the 
formation is possibly glaciomarine, at least in part, although 
a marginal marine or non-marine setting is also possible 
(Gorter et al 2008). 

The subsurface Quoin Formation (Gorter et al 2008) 
consists of sandstone that fines upwards into thinner beds of 
sandstone, siltstone and shale. The environment of deposition 
is interpreted to have been mostly fluvial following de-
glaciation, when melt water from ice sheets carried vast 
quantities of sediments into the basin (Geoscience Australia 
2009). The Ditji Formation (Gorter et al 2008) is confined to 
the offshore portion of the basin, and consists of calcareous 
sandstone grading to sandy limestone with minor interbeds 
of coal, deposited as a transgressive sequence in response to 
the end of glaciation. A marine or marginal marine setting 
is likely (Gorter et al 2008). The Keyling Formation (Gorter 
et al 2008) comprises mostly sandstone, with lesser siltstone, 
shale, coal, conglomerate and minor limestone. Gorter 
et al (2008) interpreted a mostly non-marine environment 
of deposition for the unit, possibly as part of a broad belt 
of meandering streams, with subordinate lacustrine facies 
and coal swamps. Lesser marginal marine and intertidal 
environments are also interpreted from intervals in some 
offshore drillholes. 

Kinmore Group

Unconformably overlying the Kulshill Group is the Early 
Permian–Middle Triassic Kinmore Group (Figure 138), 
which outcrops discontinuously along the NT coastline. The 
group comprises, in ascending stratigraphic order, the Fossil 
Head Formation, and the Hyland Bay and Mount Goodwin 

subgroups. Detailed palaeogeographic reconstructions of 
units within the Hyland Bay Subgroup are in Robinson and 
McInerney (2004).

The Fossil Head Formation (Bhatia et al 1984) is 590 m 
thick (Mory 1991) and consists of carbonaceous siltstone and 
mudstone, with sandstone and minor limestone. Abundant 
fossils indicate a Sakmarian–Artinskian age (Geoscience 
Australia 2009) and a marine shelf environment of 
deposition. The lower part of the formation may have been 
deposited in a prodeltaic setting (Mory 1991). 

The Hyland Bay Subgroup comprises mudstone, 
siltstone, sandstone and carbonate rocks that collectively 
attain a thickness of up to ca 2300 m in the central and outer 
parts of the Petrel Sub-basin. The subgroup comprises five 
formations, in ascending stratigraphic order, the Torrens, 
Pearce, Cape Hay, Dombey and Tern formations (Gorter 
1998), which were deposited in a range of environments, 
including prodeltaic, deltaic, shoreface and open marine 
shelf. These units have been relatively well described in 
offshore drillholes, but are poorly mapped in onshore areas.

The Mount Goodwin Subgroup consists predominantly 
of siltstone and shale, and is extensive in the subsurface 
over much of the offshore Bonaparte Basin. It reaches a 
maximum thickness of 670 m in drillhole Dillon Shoals-1 
(Mory 1991), and is 570 m thick in the type section in 
Petrel-1 (Helby 1974, as reported in Gorter et al 2009), but 
thins towards the southern and eastern margins of the basin. 
The succession consists of the latest Permian Penguin 
Formation overlain by the Early Triassic Mairmull, Ascalon 
and Fishburn formations (Gorter et al 2009). The subgroup 
is represented onshore by a thin 20 m-thick succession 
of undifferentiated Ascalon/Mairmull formation rocks, 
consisting of siltstone and shale with minor fine-grained 
sandstone, which may have been deposited in a brackish 
estuary or bay setting (Dickins et al 1972, Mory 1991).

Mesozoic

Troughton and Flamingo groups

The Troughton and Flamingo groups (Gunn 1988) are 
restricted to the offshore portion of the basin. The Troughton 
Group unconformably overlies the Mount Goodwin 
Subgroup and extends across much of the Bonaparte Basin. 
The group includes the Cape Londonderry, Malita and 
Plover Formations, which consist of sandstone, siltstone 
and shale, deposited in fluvial to deltaic conditions. The 
Flamingo Group is disconformable on the Troughton Group, 
and comprises the Elang Formation, Lower Frigate Shale/
Cleia Formation, Frigate Shale and Sandpiper Sandstone 
(Mory 1991, Pattillo and Nicholls 1990, Whittam et al 
1996, Geoscience Australia 2013), deposited during a time 
of minor extension and subsidence. 

Bathurst Island Group equivalent

The youngest mapped sediments of the onshore Bonaparte 
Basin are sedimentary rocks equivalent to the Cretaceous 
Bathurst Island Group of the Money Shoal Basin. Much 
of the northern NT was inundated by a shallow-marine 
sea at this time, and isolated onshore exposures of Early 
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Cretaceous age are regarded as being equivalent to this 
group. Dickins et al (1972) described two localities 
containing Early Cretaceous marine fossils (belemnites and 
radiolarian). These outcrops consist of claystone, pebbly 
siltstone, pebbly sandstone and sandstone. A siliceous 
duricrust may be developed on other Early Cretaceous 
outcrops in places.

cenozoic

Woodbine Group

The Cretaceous Woodbine Group (McLennan et al 1990) 
contains the youngest sediments of the basin, which are 
restricted to offshore areas. It comprise the Johnson, 
Hibernia, Prion, Oliver and Barracouta Shoal formations, 
but these units have not been differentiated in the 
southeastern part of the Bonaparte Basin. The lower part of 
the group is generally a sandy succession grading upwards 
into widespread shelf carbonate development during 
Miocene time, which appears to have transgressed the basin 
palaeohighs (Petroconsultants 1990).

Structure and tectonIc hIStory

The Bonaparte Basin has a long and complex Phanerozoic 
structural history that has been described in numerous 
publications including Gunn (1998), Veevers (1988), 
McCaffrey (1988), Gunn and Ly (1989), Pattillo and Nicholls 
(1990), O’Brien et al (1993, 1996), AGSO NW Shelf Study 
Group (1994), Baillie et al (1994), Colwell and Kennard 
(1996), Whittam et al (1996), Shuster et al (1998), Keep et al 
(1998, 2002), Kennard et al (2002) Longley et al (2002), 
Peresson et al (2004) and Geoscience Australia (2013). The 
basin has undergone two phases of Palaeozoic extension, 
a Late Triassic compressional event and further extension 
in the Mesozoic that led to the break-up of Gondwana in 
the Middle Jurassic. Miocene to Holocene convergence of 
the Indo-Australian and South-East Asian microplates has 
resulted in the formation of a major tectonic collision zone 
(Banda Orogen), the 2000–3000 m-deep Timor Trough and 
widespread fault reactivation across the western portion of 
the basin. 

Geoscience Australia (2013) has outlined the principle 
events in the evolution of the Bonaparte Basin, and the 
following brief summary is mainly derived from this 
source. Following the emplacement of the Kalkarindji Large 
Igneous Province in the late early Cambrian, widespread 
regional subsidence resulted in transgression across much 
of the northern part of Australia, and initiated deposition 
in the Carlton Sub-basin. During the Late Devonian to 
Mississippian, extension the northwest-trending Petrel Sub-
basin was formed. From the Pennsylvanian to Early Permian 
an extension overprinted the older northwesterly trend with 
a northeasterly structural gain, forming the proto-Vulcan 
Sub-basin and Malita Graben. Uplift and erosion on the 
southern margins of the Petrel Sub-basin, Londonderry 
High, and Ashmore and Sahul platforms occurred during the 
Late Triassic. Further extension during the Jurassic, which 
coincided with the commencement of sea-floor spreading to 
the west of the Browse Basin resulted in the development of 

major depocentres; the Vulcan Sub-basin, Sahul Syncline, 
and Malita and Calder grabens. Thermal subsidence during 
the Early Cretaceous resulted in a thick wedge of fine-
grained, clastic and carbonate sediments prograding across 
the offshore basin throughout the Cretaceous and Cenozoic. 
The final major stage of basin evolution occurred during the 
Miocene to Holocene, when collision of the Indo-Australian 
and South-East Asian microplates formed the Timor Trough 
and the strongly faulted northern margin of the adjacent 
Sahul Platform.

petroleum potentIal

Exploration history

Summaries of the petroleum exploration history of the 
onshore Bonaparte Basin are in Petroconsultants (1990) 
and Geoscience Australia (2013). Intermittent exploration 
activity has occurred over many decades and is ongoing in 
the basin on both sides of the NT–WA border, and includes 
field studies, geophysical surveys and the drilling of a 
number of wells. The first indication of petroleum in the 
basin was in 1839, when the crew of HMS Beagle found 
bitumen in a well dug for water in the Victoria River 
estuary. The first onshore petroleum well was Spirit Hill-1 
(Figure 137), drilled in 1959–1960 in the northeastern part 
of the Burt Range in the NT, which encountered oil shows in 
the Milligans Formation (Oil Development 1961). This was 
followed in 1960 by the first seismic survey for petroleum 
exploration, of more than 100 line km near Spirit Hill, 
conducted by Austral Geoprospectors for Westralian Oil 
Company. The first deep exploration well was Bonaparte-1 
in the onshore WA portion of the basin, which was drilled 
to a depth of 3210 m by Alliance Oil Development in 1963. 
During 1964, the Kulshill Seismic and Gravity Survey 
defined the Kulshill structure, and this was followed up 
in 1965 by the drilling of Kulshill-1, which was then the 
deepest well in the basin. A good gas flow from Bonaparte-2 
and encouraging oil and gas shows in Kulshill-1 resulted in 
a number of seismic surveys being recorded between 1965 
and 1969, and in the subsequent drilling of several wells, 
including Kulshill-2, Moyle-1 and Keep River-1, in the 
onshore NT portion of the basin. After 1973, interest began 
to wane in onshore exploration, a factor that Laws (1981) 
partially attributed to disillusionment with the consistently 
poor seismic data quality recorded in the area. 

Renewed interest in the onshore basin followed the 
discovery of biodegraded oil in vuggy porosity in mineral 
holes drilled into the Ningbing Reef complex. Seismic 
exploration recommenced in 1980 and continued until 
1984, resulting in the drilling of Weaber-1 in 1982. In 
1987, Santos conducted a number of higher-quality seismic 
surveys (GES 1988), and Weaber-2 and -2A were drilled on 
the basis of these results. The Weaber wells encountered 
significant gas shows, and flowed gas to surface on test. 
In the early 1990s, appraisal of the onshore Weaber gas 
accumulation continued, and four wells were drilled, with 
gas discoveries made by Amity Oil NL in Waggon Creek-1 
(1995) and Vienta-1 (1998) in the onshore WA portion of the 
basin (Figure 137). These wells were re-entered in 2001 for 
production testing, with both being cased and suspended 
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for future production (MEC Resources 2011). The onshore 
basin is currently attracting considerable attention from 
explorers on both sides of the border, with a number of 
geophysical and drilling programs either underway or 
planned. Conventional and unconventional hydrocarbons 
are both being targeted. In the NT, the Weaber gas field 
retention lease is held by Onshore Energy Pty Ltd (a 
subsidiary of Advent Energy Ltd). Adjacent exploration 
tenements in the southern portion of the onshore Bonaparte 
Basin in the NT, to the south of Keep Inlet, are majority 
owned and operated by Beach Energy Ltd in partnership 
with Territory Oil and Gas Pty Ltd. Bonaparte Oil Ltd has 
applied for exploration tenements over the northern portion 
of the onshore Bonaparte Basin in the NT, to the north of 
Keep Inlet.

Figure 145 shows the location of significant petroleum 
and stratigraphic drillholes, and seismic lines, within the 
NT portion of the Bonaparte Basin.

petroleum SyStemS and Source rockS

The Phanerozoic succession of the Bonaparte Basin contains 
good potential source rocks, reservoir rocks and seals at a 
number of levels, with late Palaeozoic (Figure 139)and 
Mesozoic intervals considered to be particularly highly 
prospective. These have been described in terms of eight 
defined petroleum systems (Kennard et al 1996, Barrett et al 
2004, Earl 2004). The oldest is Devonian–Carboniferous 
in age, one is Carboniferous–Permian, three are Permian 
and three are Jurassic. These are respectively included in 
the Larapintine, Gondwanan and Westralian petroleum 
supersystems of Bradshaw (1993). 

Three petroleum systems have been defined in the 
southern part of the Bonaparte Basin, including the Petrel 
Sub-basin and onshore areas (AGSO and GeoMark 1996, 
Kennard et al 1996, Barrett et al 2004, Earl 2004, Edwards 
and Zumberge 2005). In ascending stratigraphic order, 
these were named the Ningbing-Bonaparte Petroleum 
System (Kennard et al 1996, Figure 146a), the Milligans-
Kuriyippi/Milligans(!) Petroleum System (Barrett et al 
2004, Figure 146b) and the Hyland Bay/Keyling-Hyland 
Bay(.) Petroleum System (Barrett et al 2004). At the time 
of definition, the Late Devonian Ningbing-Bonaparte 
Petroleum System was regarded as being responsible for 
significant oil shows in Ningbing-1 (WA), mineral drillholes 
along the southeastern margins of the basin, and gas in 
Garimala-1 (WA). Possible source rocks included Late 
Devonian marine algal carbonate rocks of the Ningbing 
Group and/or basinal marine shale of the Bonaparte 
Formation. The Carboniferous–Permian Milligans-
Kuriyippi/Milligans(!) Petroleum System was regarded as 
being responsible for Carboniferous–Permian-reservoired 
oils in the offshore Turtle and Barnett fields. A common 
source rock for these oil accumulations was recognised, and 
identified as the latest Tournaisian to early Visean Milligans 
Formation (Jeffries 1988, Durrant et al 1990, Edwards and 
Summons 1996b, Edwards et al 1997, 2000, Kennard et al 
2002). The Permian Hyland Bay/Keyling-Hyland Bay(.) 
Petroleum System is only present in the offshore central 
Petrel Sub-basin, and is sourced from the Hyland Bay 
Subgroup and Keyling Formation.

There is considerable uncertainty as to whether the 
Milligans Formation is the principle effective source 
rock for the Milligans-Kuriyippi/Milligans(!) Petroleum 
System,. Gorter et al (2004) showed that the most likely 
source for the offshore oils was deep-water marine shale 
of the Late Devonian–Early Carboniferous Langfield Group 
(Bonaparte Formation) rather than the Milligans Formation, 
and Geoscience Australia (2013) have commented that 
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the system should be renamed the Langfield-Kuriyippi/
Milligans(!) Petroleum System and that the distribution 
of the effective source rock requires remapping. The 
Bonaparte Formation, as currently defined, is a very thick, 
long-ranging, fine-grained clastic unit that is also laterally 
equivalent to formations of the underlying Cockatoo and 
Ningbing groups (Mory 1990a, McConachie et al 1996, 
Figure 139). It represents the undifferentiated deep-
water marine facies for these coarse clastic units, which 
are associated with the southeastern and southwestern 
faulted basin margins. Langfield Group or older rocks are 
therefore the likely source for both the onshore petroleum 
occurrences and the oils reservoired in the offshore Turtle 
and Barnett fields. However, reservoir bitumens found 
in Devonian carbonate rocks in the onshore basin do not 
appear to be related geochemically to the offshore oils 
(R Summons, pers comm in Gorter 1991b), and Gorter 
et al (2004) concluded from this that onshore petroleum 
occurrences cannot be validly compared with offshore 
oils and most likely migrated from an unknown source, 
possibly back-reef Devonian or older rocks. Edwards and 
Summons (1996a) examined the isotopic signatures of a 
limited number of oil stains from various onshore samples, 
and concluded that the biomarker signatures show some 
variability, indicating localised generation, but were unable 
to clearly identify the source rocks. 

Units that have been identified as the most likely source 
rocks for the onshore petroleum occurrences include 
the Ningbing Group, and the Bonaparte and Milligans 
formations. The distribution of these potential source 
rocks and generated hydrocarbons is poorly understood; 
however, the encompassing Palaeozoic succession is 
present throughout the onshore areas and much of the 
offshore Petrel Sub-basin. There may be some source 
potential in other units in the onshore succession, although 
these have generally not been studied in any detail; for 
example, carbonaceous shale has been intersected in the 
Burt Range Formation in some drillholes (d’Auvergne 
et al 1980, Mory and Beere 1988, Jorgensen et al 1990). 
McKirdy (1987, as quoted in Gorter et al 2004) concluded 
that this formation contained good-quality, oil-prone, 
marine, potential source rocks at several levels in onshore 
mineral drillholes NBF-1001 and NBS-1002.

Source rock units

Ningbing Group

Potential source rocks might be present within the 
Ningbing Group as intraformational marine algal 
carbonate rocks (Edwards and Summons 1996a) or marine 
shale (Warris 2004). Edwards and Summons noted that 
organic-rich intervals (micritic shale, lignitic shale and 
biomicrite) were reported from onshore mineral holes 
by Le Tran et al (1980), and that these might be part of 
the Ningbing Group, although the stratigraphic position 
is uncertain. Edwards and Summons (1996b) provided 
limited information on the source rock characteristics of 
these rocks. The group is mature to overmature in most 
drillholes, with the exception of Ningbing-1 and Spirit 
Hill-1. In Ningbing-1, the mean TOC of the group is 

0.05% and there is no source potential. In Spirit Hill-1, 
for an interval identified as Buttons Formation by Gorter 
et al (2004), the mean TOC is 1.1%, but the generative 
potential is poor (mean S1+S2 = 0.8 kg hydrocarbons/t). 
The estimated maturity (TMax 432–443°C; mean PI 0.17) 
indicates that these rocks are in the oil window, but a 
relatively low mean HI of 59 indicates that they are at best 
dry gas prone, containing Type III/IV kerogen. 

Bonaparte Formation

The Bonaparte Formation (Beere and Mory 1986) is 
only known from onshore petroleum exploration wells in 
CAMBRIDGE GULF in WA, although it also possibly 
occurs in the subsurface in the northwestern NT and in 
offshore areas of the Petrel Sub-basin. It consists of shale 
and siltstone with interbedded variably dolomitic sandstone 
and minor quartzose limestone, and was deposited in a 
quiet-water marine shelf or a deeper basinal setting of 
uncertain depth (Mory and Beere 1988). The type section 
is defined between 2280 m and 3210 m depth in drillhole 
Bonaparte-1 (Beere and Mory 1986); this is the thickest-
known intersection (930 m) of the formation, but the base of 
the unit was not reached in this drillhole. Several drillhole 
intersections in the NT were assigned to the Bonaparte 
Formation by Mory and Beere (1988). These include a 
633 m-thick intersection in Kulshill-1, a 349 m-thick 
intersection in Keep River-1, and a 279 m-thick intersection 
in Weaber-1. However, the Langfield Group is apparently 
absent in Kulshill-1 (Gorter et al 2005: figure 7), and 
Petroconsultants (1990) reassigned the rocks in Keep River-1 
and Weaber-1 to other units of this group. The Bonaparte 
Formation is therefore limited in areal extent to interpreted 
deeper-water portions of the Petrel Sub-basin away from the 
basin’s margins. There is very little information available 
on the source rock characteristics of this formation, mostly 
because it has not been intersected in offshore wells, and 
therefore hasn’t been adequately sampled in most previous 
petroleum geochemical studies. Edwards and Summons 
(1996a) reported that rare organic-rich shale of the formation 
in Spirit Hill-1 has a TOC of 1.73% and an HI of 123, and 
noted that it is marginally mature, with gas and minor liquid 
potential. The mean TOC is about 1% and the mean HI is 
a relatively low 53 in this well. However, the formation is 
thick, indicating that there is likely to be sufficient volume 
to source economic hydrocarbon accumulations, even if 
the proportion of source material within the formation is 
relatively low.

Milligans Formation

The Milligans Formation (Caye 1968, Gorter et al 2005) 
occurs throughout the Cambridge Trough, Keep Inlet 
Sub-basin and onshore parts of the Petrel Sub-basin. 
This recessive unit outcrops poorly in northwestern 
AUVERGNE (Dunster et al 2000), but is only known from 
the subsurface in onshore areas further to the north. In 
the NT, thick sections of Milligans Formation have been 
penetrated (Gorter et al 2005) in Keep River-1 and Weaber-1 
(AUVERGNE), and Kulshill-1 (PORT KEATS). Lee and 
Gunn (1988) recognised upper and lower intervals within 
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the formation, separated by a major sequence boundary; 
the upper interval has subsequently been assigned to the 
Yow Creek Formation (Gorter et al 2005). The offshore 
Milligans Formation consists mostly of fossiliferous 
silty shale, but onshore intersections include interbedded 
sandstone, limestone (packstone and grainstone) and 
conglomerate of the Waggon Creek facies association. 
The Milligans Formation contains an abundant fauna and 
microflora, consistent with a marine depositional setting 
for most of the formation (Mory and Beere 1988, Gorter 
et al 2005). The coarser Waggon Creek facies is interpreted 
as a basin margin equivalent of the basinal Milligans 
Formation, although the precise depositional environment 
is uncertain. The facies may in part represent beach rock 
and dolomitic cliff-foot talus deposits accumulated in a 
palaeovalley (Jones 1989), or submarine fan deposits (Mory 
1991), or turbidite channel deposits capped by marine shale 
(Gorter 1991b, as cited in Gorter et al 2005). Significant gas 
flows were obtained from the Milligans Formation in Keep 
River-1 and Weaber-1, -2A.

Gorter et al (2004) summarised and reinterpreted 
source rock assessments of the Milligans Formation from 
PGA (1995), various well completion reports and other 
studies, and concluded that these all indicate a poor gas-
prone character at current maturity. TOC contents are 
generally less than 0.75%, and indications are that the 
organic-rich layers are thin and gas-prone (HI usually 
less than 100, even when immature). In Bonaparte-1, TOC 
values range from 0.5% to 1.8%, but the presence of plant 
remains is suggestive of gas-prone source rocks (Le Blanc 
1964, Edwards et al 1997). In Bonaparte-2, TOCs range 
in organic richness up to 3.81%, but very low HI (<60) 
and S1+S2 values indicate that the hydrocarbon source 
potential is relatively low (PGA 1995, Edwards et al 
1997). There are minor indications of elevated TOC in the 
Milligans Formation in Keep River-1, but a very low HI 
and high VR indicate overmaturity. Similar indications of 
overmaturity also characterise the formation in Kulshill-1. 
Overall, Gorter et al (2004) concluded that there is 
no compelling evidence that the Milligans Formation 
contains oil-prone source beds where it has been sampled, 
although it is possible that richer organic intervals may 
be present, particularly in the offshore area or associated 
with condensed sections. However, Comada Energy 
(1991) noted that, with a maximum thickness exceeding 
1500 m, there would be a more than adequate volume of 
Milligans Formation to source economic hydrocarbon 
accumulations, even if the proportion of ‘source’ material 
within the formation is relatively low.

Kulshill Group

The Kulshill Group, described above under Summary 
of stratigraphic succession, has source potential in a 
number of units. ‘Live’ oil stains were recorded from 
the Kuriyippi Formation in several offshore wells (eg 
Lacrosse-1, Turtle-1) and in Kulshill-1, within or near the 
NT portion of the Bonaparte Basin. Coaly beds within the 
non-marine Kuriyippi Formation at Kulshill-1 contain up 
to 22% TOC, with mixed oil and gas generative ability, as 
shown by RockEval Pyrolysis (Analabs 1985), suggesting 

an intraformational source for at least some of these 
shows (Petroconsultants 1990). The Keyling Formation, 
which exhibits a more marine influence than the other 
formations of the Kulshill Group, contains organic-rich 
sections in several wells sampled to date. The organic 
matter is dominantly humic and associated with coals. 
TOC values of up to 13.6% were measured at Flat Top-1 
(Analabs 1985), with up to 65.8% recorded at Kinmore-1 
(Robertson Research 1979, as quoted in Petroconsultants 
1990). Generally lower values occur at Kulshill-1 
(maximum TOC 4.56%) and Bougainville-1 (maximum 
TOC 6.12%). The Fossil Head Formation is not generally 
regarded as a potential hydrocarbon source, despite its 
partial marine origin and TOC as high as 2.99% at both 
Bougainville-1 and Kinmore-1 (Robertson Research 
1979, as quoted in Petroconsultants 1990). These good 
source-rock richness values occur in the lower part of 
the formation. Poorer sources are indicated at FlatTop-1, 
Kulshill-1 and Petrel-2, where maximum TOC content 
seldom exceeds 2%.

Maturation and migration

Petroconsultants (1990) provided some information on 
maturation values for the onshore area of the Bonaparte 
Basin, but noted that data are generally poor. A relatively 
steady maturity gradient was reported for Weaber-1, 
Kulshill-1 and -2, with the onset of the main oil-generating 
zone at about 1200 m. The base of the oil zone is not well 
constrained in these wells, but is projected to be at about 
4000 m. The gas in Weaber-1 was generated at depth and 
migrated into the structure. Data from Keep River-1 indicate 
a very different maturity profile from that at Kulshill-1, and 
show a very steep gradient and a rapid passage through the 
oil generation zone at about 2000 m. Advent Energy (2012a) 
also noted a steep geothermal gradient, and reported from 
limited geochemical data that source rocks at depths greater 
than 1400 m in their tenements would be overmature for oil 
and in the dry gas generating window.

The timing of generation for the onshore basin has not 
been studied, but has been modeled for the Petrel Sub-
basin. Hydrocarbon expulsion modelling of Palaeozoic 
petroleum systems in the Petrel Sub-basin by Kennard et al 
(2002), suggests that there were multiple effective source 
units for oil and gas expulsion in the basin. Modelled oil 
and gas expulsion from postulated source rocks within the 
Mississippian Milligans Formation was interpreted to have 
commenced in the Pennsylvanian, and reached a peak in the 
Cisuralian (Early Permian). However, Geoscience Australia 
(2013) noted that since it has been proven that these oils 
were generated from the slightly older Langfield Group (see 
above), modelling of this additional source rock is required. 
Comada Energy (1991) estimated that sediments would have 
attained sufficient depth of burial to expel hydrocarbons 
in the central areas of the sub-basin much earlier than at 
the basin margins. It would therefore appear to be most 
likely that expulsion of hydrocarbons from Late Devonian-
aged source rocks would have commenced during the 
Carboniferous, and reached its peak shortly thereafter in 
offshore areas, with peak expulsion in marginal onshore 
areas at Permian or later times.
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reServoIr rock unItS

Potential conventional reservoirs are present at numerous 
levels within the Bonaparte Basin succession. This 
summary is focused on Devonian to Carboniferous reservoir 
units in the onshore NT that might have conceptually 
received a hydrocarbon charge, and is not intended to be 
comprehensive; there may be other good-quality reservoir 
units within the Palaeozoic succession. The reservoir 
potential of the underlying early Palaeozoic succession 
(Carlton Group), which is yet to be recognised in the NT, is 
briefly discussed in Petroconsultants (1990). Permian and 
younger reservoir units are only present in offshore areas of 
the basin, and a review of previous studies of these units is 
in Geoscience Australia (2013). 

In onshore areas, the presence of potential reservoir 
rocks is indicated by numerous oil and gas shows in various 
units through the succession. Oil shows, ranging from ‘live’ 
oil to highly degraded bitumen, have been recorded from 
several petroleum wells and a number of mineral exploration 
drillholes around the margins of the basin, in units of the 
Cockatoo, Ningbing, Langfield, Weaber and Kulshill groups. 
Significant gas discoveries/shows have also been made in the 
Enga Sandstone and Septimus Limestone (Langfield Group) 
and Milligans Formation (Weaber Group). 

AOG (2014c) noted that most previous explorers in the 
onshore portion of the basin had considered the most significant 
exploration risk to be reservoir quality and continuity. 
However, it is possible that the perception is incorrect, as the 
presence of good-quality reservoir rocks at depth has been 
demonstrated in a number of studies, and there are indications 
that reservoir damage (reduction of permeability due to 
fines migration) has occurred during drilling operations 
(AOG 2014c, MEC 2011). The areal distribution of potential 
reservoir units is generally poorly understood in the onshore 
basin, due to a paucity of drill interceptions and no, or low-
quality seismic data in many areas.

Cockatoo Group

Because of a general lack of success during the initial 
exploration phase within the onshore basin in the mid 1960s 
(Petroconsultants 1990), the Cockatoo Group was subsequently 
considered to have only limited petroleum potential. However, 
the most recent phase of exploration has resulted in this group 
being again considered a viable exploration target, and oil/
gas shows have been recorded from the group in several 
wells in WA, including Ningbing-1, Waggon Creek-1A and 
Garimala-1 (Advent Energy 2012a). Fair to good clastic and 
carbonate reservoirs may be present. Mory and Beere (1988) 
noted ‘excellent (reservoir) characteristics’ in outcrops, and 
Comada Energy (1991) reported the presence of porous and 
friable sandstones that were tentatively considered to be of 
Frasnian (Cockatoo Group) age from a number of locations 
and in several drillholes in the onshore basin. High porosities 
in the range 15.7–30.6% and permeabilities in the range 
68–3056 mD were reported for samples of these sandstones. 
The presence of arkosic sandstone and carbonate rocks within 
the Cockatoo Group suggests that secondary porosity may 
be developed in these units. The reported presence of back-
reef facies within the group (Gunn and Ly 1989) suggests that 

reef complexes and associated carbonates could also provide 
petroleum reservoirs.

Ningbing Group

The Ningbing Group is Late Devonian (Famennian) in 
age (Mory and Beere 1988) and consists predominantly of 
carbonate rocks deposited as a reef complex similar to those 
of the Canning Basin in WA (Playford et al 2009). Historical 
exploration programs have attempted to target Ningbing 
Group reef complexes, including pinnacle and platform reefs, 
and Laws (1981) drew analogies with the productive Late 
Devonian reef trends in Alberta, Canada, and suggested that 
similar exploration plays could occur in the Ningbing Group 
in the Bonaparte Basin. Petroconsultants (1990) noted that 
the barrier margin and reefal facies of the Ningbing Group 
are algal in origin, and their original porosity was therefore 
probably poor. Laws (1981) reported that porosity is very rarely 
observed in outcrops of Ningbing Group limestones, because 
any primary or secondary porosity present was probably 
infilled during recent subaerial weathering. Porosities 
and permeabilities have been negligible in petroleum 
exploration wells that intersected this unit, including Keep 
River-1, Ningbing-1 and Weaber-1 (Mory and Beere 1988). 
However, Garside (1983) noted evidence of some fractures 
or vuggy porosity within the Ningbing Group limestones 
in Weaber-1. Several gas shows appeared to be associated 
with microfractures in this well, and a 3 m-thick interval 
was reported to have ‘very good’ permeability. The best 
reservoir characteristics recorded from this group are from 
shallow mineral exploration drillhole cores, where secondary 
porosity is widely developed below the contact with the 
overlying transgressive Langfield Group (Laws 1981). Vuggy 
porosity is common in these cores, and intercrystalline and 
fracture porosity is subsidiary. Porosities of up to 20% have 
been reported, with an average of about 7%. The zones of 
secondary porosity extend to more than 100 m from the 
contact with the overlying shales, and are not confined to 
any one facies. The porosity is largely due to dolomitisation 
after deposition of the overlying Milligans Formation (Laws 
1981, Mory and Beere 1988). Warris (2004) also reported 
a porosity of 12% in reefal and vuggy/fractured Ningbing 
Group limestone at a small prospect in WA. Petroconsultants 
(1990) suggested that eustatic sea level changes through the 
later Devonian may have led to the development of basin-
floor fans, and of karstic porosity within limestone exposed 
during sea level falls. 

In WA, the Ningbing Group (as well as the Langfield 
Group) reservoirs gas in the Vienta gas field (Cadman and 
Temple 2003, Advent Energy 2012b). The gas is hosted 
within fractured sandy limestone within a thick succession 
of silty shale and claystone, which was originally interpreted 
as the Enga Sandstone of the Langfield Group (Irwin 1998). 
The stratigraphic/facies relationships of this succession to the 
reef complex limestones of the Ningbing Group described 
elsewhere are not clear.

Langfield Group

Good reservoir characteristics are present in marine 
sandstones and limestones of the Langfield Group. In 
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the NT, sandstone of the Enga Sandstone is the principle 
reservoir at the Weaber gas field (Warris 2004, Advent 
Energy 2012b, 2013). In WA, the Langfield Group 
(as well as the Ningbing Group) reservoirs gas in the 
Vienta gas field (Cadman and Temple 2003). Reservoir 
quality within the group is variable, from tight to very 
good porosity/permeability. Carbonates in the Langfield 
Group probably have similar reservoir characteristics 
to the Ningbing Group. Ooid shoals may provide 
porous intervals within the carbonate complexes, 
although extensive reef growth is unlikely in this group 
(Petroconsultants 1990).

Burt Range Formation
The Burt Range Formation (Veevers and Roberts 1968) 
outcrops in a north- to southeast-trending arcuate belt, mostly 
in eastern CAMBRIDGE GULF in WA, but extending into 
western AUVERGNE. It has been subdivided into three 
members in the Sorby Hills area in WA (Rowley and Lee 
1986), but these units have not been recognised in the NT. The 
formation reaches a maximum thickness of 460 m in WA (Mory 
and Beere 1988). In western AUVERGNE, approximately 
450 m of the formation was intersected in drillhole Spirit Hill-
1, about 250 m Weaber-1 and about 150 m in Keep River-1 
(Petroconsultants 1990). Outcrops in Keep River National 
Park are about 150 m thick (Whitehead and Fahey 1985). 
Exposures of the unit are dominated by calcareous sandstone, 
quartzose limestone and dolostone. Carbonaceous shale has 
also been intersected in drillholes (d’Auvergne et al 1980, 
Mory and Beere 1988, Jorgensen et al 1990). 

The Burt Range Formation has some potential as a 
reservoir, and traces of oil have been recovered from the 
formation from shallow mineral drillholes around the 
basin margins (Laws 1981). Dolomitised carbonate rocks 
of the formation in these areas commonly display vugular 
porosity, usually mouldic, although some zones with 
intercrystalline porosity are also present (Comada Energy 
1991). In wells at more basinward locations, the formation 
shows less potential. In Weaber-1, limestones within the 
lower Burt Range Formation were generally tight (Garside 
1983), and similar poor porosity was noted in Keep 
River-1 (Caye 1969), although some fractured calcareous 
sandstones showed small gas peaks while drilling. The 
major risk for this unit is preservation of reservoir quality 
(Comada Energy 1991).

Enga Sandstone
The Enga Sandstone (Traves 1955) consists of fossiliferous 
quartz sandstone with minor siltstone, shale and quartzose 
limestone, deposited in a shallow-marine setting, dominated 
by beach, tidal channel and barrier/lagoon environments 
(Mory and Beere 1988). Beds range from massive to 
laminated to cross-bedded, and may be bioturbated (Mory 
and Beere 1988). Fossils indicate a middle Tournaisian age 
for the unit (Druce 1969). The formation is exposed in the 
Burt Range in eastern CAMBRIDGE GULF in WA and in 
Keep River National Park in western AUVERNGE. It has 
also been intersected in Keep River-1, Weaber-1 and Weaber-
2A, where it is less than 50 m in thickness (Petroconsultants 
1990), but the positioning of the stratigraphic picks in these 
NT drillholes is uncertain (Dunster et al 2000). Mory and 

Beere (1988) estimated a maximum thickness of about 
320 m for the unit in WA, but exposures in the NT are less 
than 150 m thick (Whitehead and Fahey 1985). 

The Enga Sandstone is a proven reservoir unit and is 
the host formation for the Weaber gas field and Weaber 
North gas prospect in the NT (Warris 2004, Advent Energy 
2012b). At the Weaber gas field, the Enga Sandstone is 
11–18 m thick, and has a net pay of about 8 m (Warris 
2004). However, the reservoir quality of the sandstone 
is generally not good. In Weaber-1, the unit had fair 
porosity where medium grained (maximum 13%; Warris 
2004), but cuttings showed that most of the sandstone is 
dolomite-cemented and tight (Petroconsultants 1990). 
The good gas flows tested from this sandstone (Willink 
1989) may therefore be due to fracture-enhanced 
permeability (Petroconsultants 1990). In Keep River-1, 
the correlative unit is tight, and Petroconsultants (1990) 
suggested that increased overburden pressure may have 
kept any similar fractures closed. Laws (1981) noted that 
a single analysis from a mineral exploration core hole 
gave a porosity of 22% in a sample of Enga Sandstone, 
but thought it doubtful that porosities of this level could 
be maintained deeper in the Keep Inlet Sub-basin. 

Septimus Limestone
The Septimus Limestone (Veevers and Roberts 1968) 
outcrops mostly in the central Burt Range in eastern 
CAMBRIDGE GULF in WA, but a few scattered exposures 
in westernmost AUVERGNE in the NT were assigned to this 
formation by Pontifex and Sweet (1972) and Whitehead and 
Fahey (1985). The formation has been intersected in Keep 
River-1 and Weaber-1 in the NT, where it is about 100 m 
thick (Petroconsultants 1990), but the positioning of the 
stratigraphic picks in these drillholes is uncertain (Dunster 
et al 2000). In the type section, the Septimus Limestone 
reaches an estimated maximum thickness of about 300 m, 
and consists of limestone, quartzose limestone and calcareous 
sandstone (Mory and Beere 1988). Elsewhere, the sandstone 
facies is commonly the only exposed rock type and it can 
be difficult to distinguish the unit from the sandstone 
formations above and below (Dunster et al 2000). A high-
energy shallow-water marine environment of deposition has 
been interpreted for the unit (Veevers and Roberts 1968, 
Mory and Beere 1988). The marine fauna indicates a middle 
Tournaisian age for the unit (Druce 1969).

The Septimus Limestone has some potential as a 
reservoir, and traces of oil have been recovered from 
the formation from shallow mineral drillholes around 
the basin margins (Laws 1981). In Vienta-1 in WA, a 
sandstone within the unit was interpreted to be gas-
bearing on electric log analysis, but was not tested (Warris 
2004). Warris reported a maximum porosity of 14% for the 
formation at this prospect, but did not provide details of 
the lithology sampled.

Weaber Group

Milligans Formation
The Milligans Formation (described above under Petroleum 
systems and source rocks) is a proven conventional 
reservoir unit, and also has significant potential as an 
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unconventional shale gas reservoir. It is the host formation 
for the Bonaparte-2 and Waggon Creek gas fields in WA, 
the onshore Keep River-1 gas discovery in the NT, and the 
offshore Turtle and Barnett oil fields. Various oil and gas 
shows have also been reported from the formation, including 
the onshore wells Kulshill-1 and Spirit Hill-1, wells in 
the Weaber gas field, and the offshore well Lesueur-1. 
Conventional petroleum is reservoired in thin, and probably 
lenticular sandstone within finer-grained siliciclastic rocks 
(Petroconsultants 1990, Comada Energy 1991, Gorter 
et al 2004, Warris 2004, Advent Energy 2012a, b). At the 
Bonaparte-2 gas field, the sandstone is fine- to occasionally 
very coarse-grained and of poor to fair porosity. Warris 
(2004) noted that the sandstone is discontinuous, but does 
appear to have reasonable reservoir quality, and recorded a 
porosity of 13% for the formation. Petroconsultants (1990) 
reported a core analysis from Bonaparte-2 that returned a 
porosity of 16% and a permeability of 16 mD, and porosities 
derived from the sonic log that were in the range 9–16%. 
At the Waggon Creek gas field, gas flows were recorded 
from discontinuous sandstones that pinch out laterally 
within finer-grained Milligans Formation. Warris (2004) 
reported a porosity of 13% and permeabilities in the range 
182–304 mD from these sandstones, but noted significant 
formation damage from the drilling. In other onshore 
wells, including Weaber-1 and -2A, Keep River-1 and 
Kulshill-1, reservoir quality has been described as tight 
to fair (Duchemin and Creevey 1966, Caye 1969, Garside 
1983, Turner and Badcock 1989), with the low porosities/
permeabilities being due to silica/carbonate/ferruginous 
cements. However, Petroconsultants (1990) suggested that 
secondary porosity could develop within the sandstone via 
the dissolution of labile potassium feldspar grains, under 
suitable conditions. Reservoir quality apparently improves 
towards the basin margins in the south, where sediments 
are coarser grained and at shallower depths of burial, and 
porosities of 25% and permeabilities of 500 mD have been 
measured in shallow core holes along the basin margin 
(Petroconsultants 1990).

Tanmurra Formation
The subsurface Tanmurra Formation (Caye 1968) was 
deposited in the offshore southern part of the Petrel Sub-
basin, and in onshore areas to the south and southeast, 
including the Keep Inlet Sub-basin, but it is apparently 
absent in the Kulshill Terrace and Moyle Platform. It consists 
of calcareous and dolomitic sandstone with minor limestone, 
siltstone and shale. The formation is 277 m thick in the type 
section in Bonaparte-1 in northeastern CAMBRIDGE GULF. 
It attains a similar thickness in Keep River-1 in AUVERGNE 
(Gorter et al 2005), although the top of the formation has 
been eroded in this and other AUVERGNE drillholes, 
including Weaber-1, -2A and -5 (Dunster et al 2000). Large 
amounts of reworked fossil material of Ordovician to Early 
Carboniferous age indicates the active erosion of earlier rocks 
(Gorter et al 2005), and the formation is regarded as being 
transgressive. A deltaic to shallow-marine shelf environment 
of deposition has been interpreted for the unit (Mory and 
Beere 1988, Gorter et al 2005).

The Tanmurra Formation (and Point Spring Sandstone in 
WA) at the top of the Weaber Group generally display good 

reservoir parameters (Petroconsultants 1990). No petroleum 
shows are known from onshore areas, but oil and gas shows 
have been reported from the Tanmurra Formation in the 
offshore Turtle and Barnett fields (Jefferies 1988, Cadman 
and Temple 2003). Porous and permeable sandstone 
provides the main reservoir potential, but carbonate rocks 
within the formation may have fracture porosity, and some 
secondary porosity might be associated with ooid shoals 
(Petroconsultants 1990). In onshore wells, good reservoir 
properties were reported from Keep River-1 (Caye 1969), 
with little cementation or matrix reported from the 
sandstone. Core porosities are in the range 1.4–17.5% with 
patchy development of up to 285 mD of permeability. The 
lower part of the formation in this well has more consistent 
measured permeabilities of 35–145 mD, and porosities in 
the range 11.6–16.6%. The lower part of the formation also 
displays reservoir properties at Weaber-1 and -2A, where 
visual porosity is fair to good, compared with tight to fair 
in the upper part (Garside 1983, Turner and Badcock 1989). 

Kulshill Group

The Kulshill Group has reservoir potential in several 
units, particularly the Kuriyippi and Keyling formations. 
In onshore areas, oil stains were noted from the group in 
Kulshill-1, and significant oil and gas flows/shows have 
been recorded in a number of offshore wells, including 
biodegraded oil from the Kuriyippi Formation in Turtle-1.

Kuriyippi Formation
In Kulshill-1, the lower Kuriyippi Formation (Mory 1988) 
has an average sonic log-derived porosity of 10%, but core 
porosities up to 15% have been measured (Duchemin and 
Creevey 1966). All the potential sandstone reservoirs are 
partly silicified, and permeability is generally low, but a DST 
of the best reservoir produced a good flow of salt water. Core 
from this interval had a porosity of 15.9% and permeabilities 
ranging from 100 mD to 1 D. In Kulshill-2 (Creevey 1966), 
a DST produced a moderate flow of salty water from this 
interval, indicating permeability. In Kinmore-1 (Laws 
and Clerc 1974), average log-derived porosity in the lower 
part of the Kuriyippi Formation is 6.5% for a net 29 m of 
reservoir. Up to 15% porosity was calculated in parts of the 
upper Kuriyippi Formation of this well. A fair sandstone 
reservoir was encountered in the upper Kuriyippi Formation 
in Kulshill-1 (Duchemin and Creevey 1966). Core from this 
interval had oil impregnations over 15 cm, and porosity in the 
range 4.9–19.1%, and permeabilities of 0.02–113 mD. There 
was no flow on DST. Potential flushing by meteoric waters 
of shallow Kuriyippi Formation reservoirs is a risk, but 
Petroconsultants (1990) considered that the discontinuous 
nature of the sediments may have left unflushed sands 
effectively sealed by intraformational shales.

Keyling Formation
The Keyling Formation (Mory 1991) has good to excellent 
porosity and permeability in Kulshill-1. Porosity up to 38% 
is present, reducing with depth to about 26% near the base 
of the formation. Permeabilities are variable, and appear 
to be related to the feldspar or argillaceous content of the 
sandstone, but range up to 900 mD (Petroconsultants 1990). 
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Over 400 m of reservoir quality sandstone is present in this 
well. A DST of the interval recovered only drilling mud, 
suggesting extensive contamination and invasion by the 
drilling fluid. Fair to good porosities are also present in 
the Keyling Formation at Kulshill-2 (Creevey 1966), and 
permeability is good due to the general lack of clay matrix.

SealS

Intraformational and regional top seals are present at a 
number of levels within the onshore succession, and faults 
have also been shown to seal traps in onshore areas (eg 
Vienta and Bonaparte gas prospects in WA; Warris 2004). 
Salt bodies, including diapirs, are abundant in the offshore 
Petrel Sub-basin, and also have the potential to form seals, 
depending on the timing of structural development and 
hydrocarbon generation and migration. However, only a few 
onshore occurrences of salt are known, and these have been 
detected indirectly from seismic data (Petroconsultants 
1990). Salt does not therefore appear to be a significant 
component of hydrocarbon traps onshore.

Intraformational shale provides good potential seals 
for sandstone and carbonate reservoirs in the Cockatoo 
Group, Langfield Group and Milligans Formation 
(Comada Energy 1991, Petroconsultants 1990, Warris 
2004). Ningbing Group reefal and vuggy/fractured 
limestone reservoirs could be regionally sealed by marine 
shale at the base of the Langfield Group or, where this is 
absent (Mory and Beere 1988), by similar marine shale at 
the base of the Milligans Formation. Onlapping Milligans 
Formation shale also forms a regional seal for sandstone 
and limestone reservoirs within the Langfield Group 
up to the margins of the Carboniferous basin (Comada 
Energy 1991). Known petroleum accumulations above the 
level of the Milligans Formation are confined to offshore 
areas of the basin, but there is still some possibility of 
onshore or nearshore traps at this level. Petroconsultants 
(1990) considered reservoirs in the upper Weaber Group 
(Tanmurra Formation and Point Spring Sandstone in 
WA) to be of good quality, but generally too shallow and 
lacking the required seal to constitute good exploration 
targets onshore. The many intraformational shales within 
the Kulshill Group were considered by Petroconsultants 
(1990) to be sufficiently continuous and extensive that 
they could provide reliable seals. Regionally extensive 
shale of the Fossil Head Formation and Treachery Shale 
also provide basinwide regional seals to the underlying 
Keyling and Kuriyippi formations, respectively 
(Geoscience Australia 2013).

commercIal and technIcal dIScoverIeS

The Bonaparte Basin reservoirs significant oil and gas 
accumulations, and there are a number of currently 
producing fields in offshore areas. Recent summaries of 
these fields, including lists of relevant descriptive and 
technical publications, are in Ahmad and Munson (2013e) 
and Geoscience Australia (2013). There are no currently 
producing fields in onshore areas, but there have been 
several potentially commercial and technical discoveries in 
both WA and the NT. WA discoveries that have flowed gas to 

surface include the Bonaparte-2 and Garimala-1 prospects, 
and the Vienta and Waggon Creek gas fields. In the NT, 
discoveries include the Weaber gas field, Weaber North 
gas prospect and Keep River-1 gas prospect. Summaries 
of the geology and resources of these discoveries and other 
prospects are in Cadman and Temple (2003), Warris (2004) 
and Advent Energy (2012a, b, 2013).

Weaber gas field

The Weaber gas field is located in Retention Lease RL-l in 
the NT and covers an area of about 100 ha (Warris 2004). 
It was discovered by Santos Ltd in 1985 by re-entering and 
testing by-passed gas pay in Weaber-l, which was originally 
drilled in 1982 by Australian Aquitaine Petroleum Pty 
Ltd. The field has been appraised by 5 additional wells, 
including a sidetrack, drilled in the 1980s and 1990s, and 
is currently being operated by Advent Energy Ltd, via its 
wholly owned subsidiary Onshore Energy Pty Ltd. Gas-
bearing sandstone reservoirs, interpreted to be the Enga 
Sandstone of the Langfield Group, have been intersected 
at depths of about 1300 m and 1400 m in several drillholes. 
Log analysis indicates that the deeper reservoir sandstone 
is 11–18 m thick, and has a net pay of 8 m in the Weaber-1 
to Weaber-4 area (Warris 2004). A log porosity of 10% 
was reported for the reservoir by Advent Energy (2012b). 
The trap is a north-northwest-trending, faulted anticlinal 
structure (Warris 2004, Figure 147). Advent Energy 
(2013) reported that production testing had resulted in 
gas flows of 4.5 mmscfd from the field. An independent 
assessment by RISC Pty Ltd gave a (SPE PRMS) Mean 
Contingent Resource of 18.4 Bcf (19.51 PJ) for the gas 
resource.

Weaber North gas prospect

The Weaber North prospect is a faulted anticlinal structure 
to the north of the Weaber gas field. The structure covers 
an area of about 110 ha (Warris 2004). The Enga Sandstone 
reservoir is interpreted to have similar characteristics to the 
reservoir at the Weaber gas field. A Potential Original Gas 
In Place (OGIP) resource of 8 Bcf (8.48 PJ) was estimated 
for the prospect by Advent Energy (2012b).

Keep River-1 gas prospect

The Keep River-1 prospect was a gas discovery by Australian 
Aquitaine Petroleum Pty Ltd in 1969, which flowed a small 
but significant amount of gas to surface on test. The well 
was designed to test a partially fault-dependent four-way 
dip closure at Palaeozoic levels along a structural high trend 
separating the Carlton and Burt Range sub-basins. A thicker 
than expected Palaeozoic section was encountered, with gas 
shows from multiple fine- to medium-grained sandstones 
interbedded with shale in the lower Milligans Formation, and 
from fractures within the Late Devonian succession. Core 
data indicated a reservoir porosity of <5% and a permeability 
of <0.1 mD in the reservoir sandstones. Eight DSTs produced 
up to 3 mmcf/d gas to surface, but this flow declined rapidly 
with time. The well was subsequently plugged and abandoned 
(Petroconsultants 1990, Cadman and Temple 2003). 
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proSpectIvIty

The Bonaparte Basin is a proven and significant hydrocarbon 
province, and the onshore portion is very prospective for 
both conventional and unconventional petroleum. The basin 
has organically rich source rocks, reservoirs with effective 
vertical seals at various stratigraphic levels, and a wide 
variety of potential stratigraphic and structural traps. Three 
petroleum systems are present in the southern part of the 
basin, two of which appear to have generated hydrocarbons 
in onshore areas. Late Devonian to Early Carboniferous 
rocks remain the primary exploration targets, but there 
is also some potential for economic petroleum in other 
intervals of the succession. 

For details of various leads and prospects within 
the basin, see Petroconsultants (1990), Comada Energy 
(1991), Colwell and Kennard (1996), Cadman and Temple 
(2003), Warris (2004) and Advent Energy (2012a, b).

conventional petroleum

AOG (2014c) interpreted the presence of oil stains, both 
‘live’ and residual, in shallow mineral and stratigraphic 
boreholes close to the basin edge to be indicative of the up-
dip and marginward displacement of early-generated oil by 
late-generated dry gas. It was concluded from this that the 
southern part of the basin must contain rich, mature source 
rocks, and is prospective for shallow accumulations of oil and 
deeper gas accumulations. Conventional reservoirs could be 
present in clastic and carbonate reservoirs. Comada Energy 
(1991) suggested that clastic reservoirs should conceptually 
‘clean up’ (ie be better sorted and coarser-grained), and should 
therefore be more effective reservoirs at their onlap edges 
at the basin margins, where shoreface environments might 
have existed. Sedimentary rocks in shallower marginal areas 
would also be more likely to be within the oil window than 
those in more basinal areas. However, nearshore facies may 
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Figure 147. Weaber gas field (redrawn 
from Warris 2004, based on original 
map by Amity Oil NL). Depth–
structure map to top of gas-bearing 
‘1400 m sand’ in Enga Sandstone, as 
intersected in Weaber-1 and -4. This is 
the deeper of two reservoir sandstones 
intersected in Weaber-1; the other 
is at 1300 m depth. Depicted model 
assumes fault compartmentalisation 
of reservoir interval into Weaber and 
Weaber Southwest prospects, but 
other interpretations are possible as 
Enga Sandstone is not a good reflector 
(Warris 2004). Weaber-5 in north 
was outside closure with reservoir 
sandstones water-wet.
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not be well developed along the eastern margin of the onshore 
Bonaparte Basin, because it is a structural, as opposed to a 
depositional margin. In the case of carbonate reservoirs, it is 
unlikely that primary porosity will have survived diagenetic 
processes, and any remaining porosity is therefore likely to 
be secondary, or related to fractures. 

A significant feature of the offshore Petrel Sub-basin 
is the presence of abundant salt, and salt tectonics (ie flow, 
diapirism and withdrawal) has formed potential structural 
and stratigraphic traps within the Palaeozoic succession 
(Cadman and Temple 2003). A number of wells drilled in the 
offshore sub-basin have unsuccessfully tested traps associated 
with diapiric structures, and several anticlinal drape features 
associated with diapirs have been found to be highly faulted. 
Comada Energy (1991) noted a number of features on seismic 
lines in the northern onshore basin that are suggestive of 
salt influence, and also reported several anomalies that are 
suggestive of salt intrusion on Landsat and aerial photographs, 
and indicated that there may be a relationship between 
these features and gravity lows. These features are poorly 
understood and remain untested by the drill. The age of 
emplacement of salt bodies is of particular significance. If 
emplacement was early, sedimentation above the feature may 
have been influenced, so as to produce local facies variations 
and a range of stratigraphic traps, whereas late emplacement 
may have produced a variety of structural and structure/
stratigraphic traps including salt diapir flank plays.

In broad terms, the most significant exploration plays 
so far identified within the Late Devonian to Carboniferous 
succession (Petroconsultants 1990, Comada Energy 1991, 
Warris 2004) are: 

•	 reefal and vuggy/fractured limestone of the Late 
Devonian Ningbing Group, sealed by either 
intraformational shale or marine shale at the base of 
the Langfield Group, and sourced by intraformational 
marine shales within the Ningbing Group

•	 marine sandstone and limestone of the Langfield Group, 
sealed by either intraformational shale or the marine shale 
of the overlying Milligans Formation, and sourced by 
intraformational marine shale within the Langfield Group

•	 marine sandstones in the Milligans Formation 
sealed by intraformational shale and sourced either 
intraformationally or by underlying marine shale within 
the Langfield Group.

The Ningbing Group is prospective for petroleum 
accumulations in both carbonate and clastic reservoirs. 
Exploration targets could include reefal structures and 
carbonate mounds, reef-flanking facies, and combination 
clastic and structural traps close to the basin margins (Laws 
1981, Petroconsultants 1990). Considering the age, and burial 
and deformational history of the group, the preservation of 
primary porosity in carbonate rocks is unlikely, although 
reefal limestone could constitute a favoured host for 
secondary processes (Comada Energy 1991). The main 
challenges are locating structures where carbonate units have 
acquired effective secondary porosity, and have been sealed 
by intraformational or overlying shale. In more marginal 
areas, secondary porosity may have developed from exposure 
to fresh waters prior to deep burial, or dolomitisation in 

lagoonal or sabkha environments soon after deposition 
(Petroconsultants 1990). Zones of natural fractures may have 
enhanced the porosity/permeability of reservoirs.

The Langfield Group has proven petroleum resources in 
onshore areas, reservoired in the Enga Sandstone, and other 
formations of the group also show significant hydrocarbon 
potential. Carbonate rocks of the Langfield Group are likely to 
have similar reservoir characteristics to those of the Ningbing 
Group, and similar, untested plays are possible. However, 
massive reefal limestones are unlikely in this succession. A 
variety of structural and stratigraphic traps, involving both 
sandstone and carbonate reservoirs, are possible, particularly 
towards the basin margins. These include stratigraphic 
pinchout plays sealed by intraformational shale, combination 
stratigraphic–structural plays involving faults (Comada 
Energy 1991), or plays involving uplifted and erosionally 
truncated Langfield Group sedimentary rocks sealed by 
Milligans Formation shale (Cadman and Temple 2003). The 
major risk for this group is likely to be locating suitable 
reservoirs, as porosity/permeability within the group tend 
to be quite variable, from tight to very good. Reservoir 
quality might improve towards the basin margins, where less 
deeply buried, better-sorted marginal clastic facies might 
be developed. As for the Ningbing Group, zones of natural 
fractures might improve reservoir quality, and fracture 
porosity may be extensively developed along the eastern 
structural margin, where the group could host substantial gas 
reserves (Petroconsultants 1990). 

The Milligans Formation is a proven reservoir unit, 
which is characterised by widespread hydrocarbon shows 
and significant accumulations that include the Bonaparte-2 
and Waggon Creek gas fields in WA, the Keep River-1 gas 
discovery in the onshore NT, and the offshore Turtle and 
Barnett oil fields. The main constraint on conventional plays 
involving the Milligans Formation appears to be a relative 
scarcity of reservoir-quality sandstone, and exploration 
strategies therefore need to target areas of the formation that 
are more sand prone. Sandier facies are more likely to be 
developed towards the basin margins (Comada Energy 1991), 
and proven, conventional sandstone reservoirs are known to 
occur in interpreted nearshore marine facies of the formation 
in onshore areas (Advent Energy 2012a). In deeper areas of 
the basin, good stratigraphic plays within the formation could 
involve lowstand basin-floor fans and stratigraphic pinchouts 
against basin highs (Cadman and Temple 2003, Taylor 2006). 
The Milligans Formation is prospective for both oil and gas, 
and it is possible that gas-charged sandstone might have an 
oil leg, or that early-generated oil might have displaced from 
deeper areas into more marginal areas (Comada Energy 1991, 
AOG 2014c). Comada Energy (1991) speculated that wells 
in the vicinity of marginal faults could present conceptual 
opportunities for dual targets with onlap and offlap edges 
of sandstones, and that these areas could have reservoir 
properties enhanced by fracture porosity. 

The upper Weaber Group (post-Milligans Formation) 
sedimentary succession includes the Tanmurra Formation and 
a partially laterally equivalent unit in WA, the Point Spring 
Sandstone, both of which possess good reservoir properties. 
The main constraints on the prospectivity of these units are a 
lack of effective sealing rocks and possibly a lack of structural 
closures (Petroconsultants 1990, Comada Energy 1991). 
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Other intervals of the Bonaparte Basin succession 
might also be prospective for hydrocarbons. The petroleum 
potential of the early Palaeozoic Carlton Group is virtually 
unknown, and this group has not been targeted in any 
exploration programs to date. Reservoir-quality sandstones 
were documented by Mory and Beere (1988) and potential 
carbonate reservoirs exist, but source rock assessments 
have not been carried out. Petroconsultants (1990) listed the 
main risks for this group as the lack of documented source 
beds, their perceived over-maturity, the numerous post-
depositional structuring episodes, and a presumed long 
period of exposure to weathering prior to the deposition of 
younger units. However, they also noted that, in more basinal 
areas, evaporites of ?Late Ordovician to ?Silurian age could 
provide an effective regional seal to the Carlton Group.

The presence of oil/gas shows in the Frasnian Cockatoo 
Group in several recent wells in WA (Advent Energy 
2012a) has improved the prospectivity of this group for 
petroleum. The group contains fair to good reservoir beds 
and sealing shales, and effective source rocks may be 
present at this level in the form of basinal marine shale of 
the lower Bonaparte Formation (Figure 140). The presence 
of arkosic sandstone and carbonate rocks within the group 
suggests that secondary porosity may be developed in 
reservoir units. Petroconsultants (1990) suggested that 
viable exploration plays could be present where reservoir 
and source beds are juxtaposed with sealing shale in tilted 
fault blocks and stratigraphic pinchouts. Gunn and Ly 
(1989) reported the presence of back-reef facies within the 
Cockatoo Group, which suggests that reef complexes and 
associated carbonate rocks might also reservoir petroleum. 
As for the Carlton Group, depth of burial is a significant 
factor for the prospectivity of this interval, and it could be 
very difficult to map closures at depth. Petroconsultants 
(1990) noted that the top of the oil-generation zone in 
onshore areas is greater than about 1200 m and that the 
base of the zone is variable from 2000 m up to 4000 m, 
with gas generation at greater depths. This suggests that 

rocks of Cockatoo Group age could be within the oil and 
gas windows in many areas, and therefore should not be 
discounted as viable petroleum targets. However, the 
long time between deposition of the potential reservoirs, 
several episodes of structuring, and the relatively late-
stage attainment of oil maturity suggest that exploration 
targets in this group would need to be carefully selected. 

The post-Weaber Group succession has generally not 
been explored in onshore areas. However, a number of 
formations have good reservoir potential; in particular, the 
Kuriyippi and Keyling formations of the Kulshill Group have 
been shown to reservoir significant oil and gas in offshore 
wells. In onshore areas, oil stains were noted from the group 
in Kulshill-1, and water flows were reported from this well 
and Kulshill-2; otherwise, the onshore hydrocarbon potential 
of these formations has not been assessed. 

unconventional petroleum

The onshore Bonaparte Basin has considerable potential 
for unconventional petroleum, and a number of plays have 
been identified by Advent Energy (2012a, c, 2013). These 
include gas-condensate and shale oil plays in the shallow-
marine areas of the lower Milligans Formation (Milligans-
Kuriyippi/Milligans(!) Petroleum System), and tight gas 
plays in sandstone and limestone reservoirs in the Langfield, 
Ningbing and Cockatoo groups (Ningbing-Bonaparte 
Petroleum System) below the Milligans Formation. 
Exploration for these unconventional plays is still in its early 
stages at time of writing. Most attention has been focused on 
areas of the onshore basin in WA, but the NT portion of the 
basin has a broadly equivalent geological succession, and is 
also prospective for unconventional petroleum in these units. 

The source rock potential of the Milligans Formation is 
discussed above. This formation has percentage levels (up 
to 4.3%) of TOC, and is mature for gas and oil generation 
over large areas (Figure 148). The gas and liquids potential 
of the unit is shown by the presence of gas in conventional 
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sandstone reservoirs in Waggon Greek-1 and Bonaparte-2, 
and the recovery of oil from the formation in Waggon 
Creek-1 on DST. Advent Energy (2012a, c, 2013) reported 
elevated gas shows over thick shaly and silty intersections 
of the unit in several wells, and noted that these compared 
well with computed values from logs, thereby confirming 
the shale gas potential of this formation. The thickness of 
the Milligans Formation varies from 300 m to greater than 
1500 m, indicating that there are significant volumes of 
the formation available to source economic hydrocarbon 
accumulations, even if the proportion of ‘source’ material 
within the formation is relatively low (Comada Energy 1991, 
Advent Energy 2013). The only published estimate of the 
possible unconventional resources present in the formation 
is by Rawsthorn (2013), who calculated a Best Estimate 
Recoverable Resource of 6000 Bscf (6363 PJ) of shale gas for 
the Milligans Formation in WA and the NT (table 5).

Another unit that might have potential as a shale gas play 
is the Bonaparte Formation, which underlies the Milligans 
Formation in more basinal areas. This is a very thick unit 
that may extend over large areas of the southern basin, 
and it is a significant potential source rock for petroleum 
accumulations in the Late Devonian–Early Carboniferous 
succession. The extent of this unit into onshore areas is 
uncertain, and it has few drill intersections, so the potential 
of this play is largely speculative.

Unconventional tight gas is also being targeted in 
stacked sandstone and limestone reservoirs in the Cockatoo, 
Ningbing and Langfield groups (Advent Energy 2012a, 
c, 2013). The potential of this unconventional play is 
supported by gas flows/shows from a number of intervals 
within this succession at the Weaber gas field in the NT, 
and at Ningbing-1, Vienta-l and Garimala-1 in WA. Possible 
source rocks that would be mature for oil and gas generation 
over large areas of the southern part of the basin include 
intraformational shale at several levels within the succession, 
and/or the Bonaparte Formation, which is the long-ranging, 
basinal marine shale equivalent of these groups. However, 
for an onshore tight gas play to be viable, the hydrocarbon 
charge would have to precede diagenetic cementation of pore 
space and throats in reservoirs. Indications are that sufficient 
loading for hydrocarbon generation and expulsion was not 
achieved until Carboniferous or later times (see Maturation 
and migration), so reservoir quality would have had to be 
preserved until after this time. 

MurrABA BASIn

IntroductIon

Neoproterozoic rocks units exposed in isolated outcrops 
along the NT–WA border are included in the Murraba 
Basin (Figure 149). The succession is predominantly 
exposed in adjacent WA and probably extends further 
west beneath the Canning Basin. It unconformably 
overlies Palaeoproterozoic metasedimentary rocks and 
granites, or the Birrindudu Group of the Birrindudu 
Basin, and is overlain by Devonian sediments of the 
Lucas Outlier of the Canning Basin and, at least in part, 
by the late early Cambrian Antrim Plateau Volcanics. 

The Murraba Basin is a remnant of the Neoproterozoic 
Centralian Superbasin (Walter et al 1995), and is filled 
predominantly with siliciclastic sediments of the Redcliff 
Pound Group, which is interpreted to be a correlative 
of the basal units of the superbasin. However, the 
apparent absence of thick evaporitic units or unequivocal 
glacial units in the Murraba Basin, which are found in 
other Centralian Superbasin remnants, make precise 
correlations uncertain. A recent summary of the basin is 
in Ahmad (2013).

Summary of StratIgraphIc SucceSSIon

neoproterozoic

Redcliff Pound Group

The Redcliff Pound Group is composed almost exclusively 
of siliciclastic sedimentary rocks, and is probably greater 
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than 2000 m thick (Blake et al 1979). The basal unit of 
the group is the Munyu Sandstone, which is inferred to be 
conformably overlain by the Murraba Formation, which, in 
turn, is conformably overlain by the Erica Sandstone. 

The Munyu Sandstone has an estimated total thickness 
of 400 m in WA (Blake et al 1979), but is probably less 
than 200 m thick in the NT (Vandenberg et al in prep), and 
is composed of quartz sandstone with minor conglomerate 
and rare sublithic siltstone. The Munyu Sandstone 
represents an upward-fining succession, deposited in a 
large-scale fluvial setting. The Muriel Range Sandstone 
reaches a maximum thickness of about 450 m (Blake et al 
1979) and consists predominantly of sublithic arenite 
and quartz arenite, but also includes minor siltstone, 
shale, arkose, conglomerate and breccia. The Murraba 
Formation has a maximum thickness of 800 m in WA, 
and is composed of conglomerate and sublithic and quartz 
sandstone, with rare mudstone and dolostone (Hodgson 
1977, Blake et al 1979). The Murraba Formation is 
interpreted to have been deposited in fluvial to less common 
shallow-marine environments and at times was emergent 
(Vandenberg et al in prep). The Erica Sandstone is only 
about 50 m thick in the NT (Vandenberg et al in prep), 
and predominantly composed of sublithic sandstone, with 
up to 10% clay matrix, and some glauconitic sandstone 
(Hodgson 1977, Blake et al 1979). The Erica Sandstone 
is interpreted as having been deposited under fluvial to 
partly shallow-marine conditions. 

petroleum potentIal

The Murraba Basin is part of the Centralian A Superbasin 
(Walter et al 1995, Munson et al 2013b), which contains 
elements of the Neoproterozoic Centralian Petroleum 
Supersystem of Bradshaw et al (2004). However, there 
have been no indications of petroleum in the basin to date. 
The succession in the NT portion of the basin is relatively 
sandstone-rich and contains no known potential source 
rocks. It is possible that viable source rocks might be 
present in the underlying Birrindudu Basin succession. 
However, the basins would need to be in hydraulic 
communication, and lengthy vertical and possibly 
lateral migration would need to be invoked in order for 
any reservoirs within the succession to have received 
a hydrocarbon charge. Good-quality clastic reservoirs 
might occur in sandstone and other coarse clastic rocks 
at various levels, although the reservoir properties of 
these rocks are untested. The likelihood of an effective 
seal being present also appears to be low. The petroleum 
prospectivity of the basin is therefore considered to be 
minimal on present evidence. 

VIctorIA BASIn

IntroductIon

The Neoproterozoic Victoria Basin (Figure 150) 
unconformably overlies the Palaeo- to Mesoproterozoic 
Birrindudu Basin, except in the northwest where it sits 
directly on basement. The Victoria Basin outcrops over an 

area of >32 500 km2 within the NT. It spans the WA–NT 
border, but is much more widely distributed in the latter. 
The Auvergne Group is the sole sedimentary group within 
the basin, and contains seven conformable formations 
that were initially deposited in a northeast-trending 
intracratonic sag basin. The succession attains a thickness 
of 950 m, and the Victoria River Fault Zone limits its present 
northwestern distribution. The most significant references 
for the Auvergne Group include Sweet et al (1974a, b, c), 
Sweet (1977), Dunster et al (2000) and Dunster and Ahmad 
(2013b), and the following discussion is based on those 
works, with only minor amendments.
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Summary of StratIgraphIc SucceSSIon

Auvergne Group

The Auvergne Group contains seven formations that were 
initially deposited in a northeast-trending intracratonic 
sag basin. In ascending order, these are the Jasper Gorge 
Sandstone, Angalarri Siltstone, Saddle Creek Formation, 
Pinkerton Sandstone, Lloyd Creek Formation, Spencer 
Sandstone and Shoal Reach Formation. The succession attains 
a maximum thickness of about 950 m. There are no definitive 
chronostratigraphic ages from the group, but it is believed 
to have lithostratigraphic affinities with the Neoproterozoic 
Supersequence 1 of the Centralian A Superbasin (Walter 
et al 1995), which includes the Amadeus, Ngalia, Murraba, 
Wolfe and Georgina basins in the Northern Territory. The 
succession is constrained by a SHRIMP U-Pb zircon age 
of 1638 ± 9 Ma from the Campbell Springs Dolostone of 
the Limbunya Group in the underlying Birrindudu Basin 
(Cutovinos et al 2002), and by an inferred age of about 
635 Ma or younger for the Moonlight Valley Tillite in the 
overlying Wolfe Basin (Grey and Corkeron 1998). There are 
no definitive chronostratigraphic ages from the Auvergne 
Group, but SHRIMP U-Pb dating of detrital zircons from 
the basal Jasper Gorge Sandstone have given a conservative 
maximum deposition age of 1322  ± 22 Ma, with two isolated 
younger grains at ca 1243 Ma and 1171 Ma (Carson 2010). A 
poorly constrained Rb-Sr whole-rock age of 838 ± 80 Ma has 

been obtained for the Angalarri Siltstone from the lower part 
of the group (Webb and Page 1977). 

The Jasper Gorge Sandstone is 130 m thick and is made 
up of quartz sandstone with basal conglomerates. The 
distribution and petrology of the Jasper Gorge Sandstone 
indicate that it was deposited as a mature sand on a stable, 
broad continental platform. Sedimentary structures 
indicate a nearshore marine environment. The Angalarri 
Siltstone has a maximum thickness of 753 m and consists 
of micaceous fissile siltstone/mudstone (Figure 151) and 
lesser sandstone. It is suggested that deposition occurred 
in a moderately deep-water shelf deposit, deposited mostly 
below fair-weather wave-base but at least partly above 
storm wave-base, on the basis of sedimentary structures. 
Webb and Page (1977) obtained a Rb-Sr poorly constrained 
whole-rock age of 838 ± 80 Ma for this unit. The Saddle 
Creek Formation has a maximum thickness of 222 m 
(Dunster et al 2000) and contains basal sandstone overlain 
by siltstone, oolitic dolostone, silica-cemented quartz 
sandstone, dolarenite and minor shale. The formation was 
deposited in very shallow to emergent conditions, initially 
with intermittent high-energy clastic phases and brine-
logging of the sediment. The siltstone represents slightly 
deeper, stable conditions, and the oolitic dolostone was 
probably deposited in higher energy shoals.

The Pinkerton Sandstone consists of quartz sandstone, 
mudstone, siltstone and fine-grained sandstone, and ranges 
up to 375 m thick. The Pinkerton Sandstone probably 
represents a marine transgression with high-energy 
nearshore conditions and more terrigenous clastic input 
than the formations above or below. The Lloyd Creek 
Formation is characterised by oolitic and stromatolitic 
dolostone interbedded with dolarenite, quartzic dolostone 
and rippled quartz sandstone. The formation has a thickness 
up to 162 m, and a shallow-marine mixed carbonate/
siliciclastic environment of deposition, characterised by 
wave action and occasional brine-logging of the sediment, 
is postulated. The Spencer Sandstone has a thickness of 
165 m and is made up of sandstone, siltstone and dolomitic 
sandstone. The Spencer Sandstone was probably deposited 
in a shallow-marine environment with periods of subaerial 
exposure. The Shoal Reach Formation comprises quartzic 
and silty dolostone, dololutite, dolarenite, siltstone, 
sandstone and intraformational conglomerate and is 100 m 
thick. The Shoal Reach Formation was deposited on a mixed 
carbonate–siliciclastic marine shelf, in a shallow protected 
environment above fair-weather wave-base.

Structure and tectonIc hIStory

The rocks of the Victoria Basin are unmetamorphosed and 
are generally flat-lying to gently dipping northwest. There 
is no known evidence of igneous activity. In contrast to 
the underlying Birrindudu Basin, there is little evidence of 
syndepositional fault activity or differential uplift during 
the Victoria Basin’s depositional history, other than possible 
differential uplift prior to the deposition of the Saddle 
Creek Formation. However, subsequent locally intense 
deformation is associated with major northeast trending 
fault zones, such as the Victoria River Fault Zone, and the 
Pinkerton Range and Spencer Range faults. The greatest 

Figure 151. Grey-green siltstone underlying darker carbonaceous 
shale of Angalarri Siltstone in Koolendong Valley in AUVERGNE 
(after Perring and Jones 1991). Cliff is about 10 m high.
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fault movements probably occurred prior to the Cambrian, 
but some reactivation postdates the late early Cambrian 
Antrim Plateau Volcanics. 

These northeast trending faults are cut by numerous 
shorter orthogonal faults, which are nearly vertical and are 
generally downthrown to the southwest by less than 200 m 
(Sweet et al 1974c). A series of northeast-trending anticlines 
and synclines, and relatively more intense faults occur in 
the area surrounding the junction of the Victoria River Fault 
Zone and Halls Creek Fault to the west of the basin. Synclines 
and anticlines tens of kilometres long are developed along the 
southeastern side of the Victoria River Fault Zone. 

petroleum potentIal

There has been little petroleum exploration in the Victoria 
Basin, and it should be considered a high-risk frontier area 
for petroleum exploration. The Proterozoic rocks in and 
around AUVERGNE were investigated briefly for their 
oil potential by Owen (1954), Laing and Allen (1956) and 
Laing (1982), who followed up 1890s reports of bitumen 
in water wells and petroleum seeps in the Spencer Range. 
The Angalarri Siltstone was believed to be the source of 
a water sample from a spring near the Bullo River access 
road that contained 2.3 ppm of hydrocarbons (Laing and 
Webby 1982). A fully cored 970 m petroleum well, Bullo 
River-1, was drilled by Queensland Petroleum during 
1984. It intersected the Auvergne Group, from the Saddle 
Creek Formation to the Jasper Gorge Sandstone, and was 
terminated in granite basement. No shows were reported 
and there has been no further exploration since then.

The Victoria Basin is part of the Centralian A Superbasin 
(Walter et al 1995, Munson et al 2013b), which contains 
elements of the Neoproterozoic Centralian Petroleum 
Supersystem of Bradshaw et al (2004). Although there 
have been no clear indications of petroleum in the basin 
to date, the succession is regarded as being equivalent 
to the Neoproterozoic succession in the Amadeus Basin, 
which contains several proven petroleum systems with 
good potential for the development of commercial fields. 
The basin has a relatively thick sedimentary succession 
with a range of fine to coarse siliciclastic and carbonate 
rock types that could offer some potential as source and 
reservoir rocks. Potential intraformational and regional 
seals are also present at a number of stratigraphic levels. 
Potential source rocks in the underlying Birrindudu 
Basin succession could have also conceivably supplied a 
hydrocarbon charge to Victoria Basin reservoirs. 

WoLFE BASIn

IntroductIon

The Wolfe Basin records the deposition of several thousand 
metres of Neoproterozoic glacial and fluvioglacial 
sediments. The basin spans the WA–NT border and is 
more widely distributed in the former (Figure 152). In 
WA, the Wolfe Basin contains the Ruby Plains, Duerdin 
and Albert Edward groups (Blake et al 2000), whereas in 
the NT, the succession is confined to the Duerdin Group.

The lithostratigraphy of the basin and regional 
correlations remain problematic. The original depositional 
margins of the Wolfe Basin have been mostly eroded, but 
small isolated outcrops are commonly preserved, and the full 
extent of preserved Wolfe Basin deposits is almost certainly 
underestimated. In the NT, the Wolfe Basin unconformably 
overlies sedimentary rocks of the Victoria Basin and older 
rocks. It is overlain by basalts and sedimentary rocks of the 
Kalkarindji Province, and by Cretaceous sedimentary rocks 
of the Carpentaria Basin (formerly Dunmarra Basin).

Summary of StratIgraphIc SucceSSIon

The Neoproterozoic Duerdin Group contains the Marinoan 
glacial succession that is common to the Centralian 
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Superbasin. The Duerdin Group comprises five formations; 
the Skinner Sandstone, Fargoo Tillite, Blackfellow 
Creek Sandstone, Moonlight Valley Tillite and Ranford 
Formation. Dunster et al (2000) also included the previously 
unassigned Bullo River Sandstone and Big Knob beds in 
the group. Other previously assigned units, including the 
Uniya Formation and undifferentiated diamictite, are now 
included within the basin succession (Dunster 2013b). Sweet 
et al (1974b), Dundas et al (1987a), Edgoose et al (1989), 
Dunster et al (2000) and Dunster (2013b) are the definitive 
references for the Wolfe Basin in the NT and form the basis 
for the following discussion.

The Bullo River Sandstone comprises quartzose sandstone 
and is probably in excess of 300 m thick. The feldspathic 
Black Point Sandstone Member occurs at the base of the 
Bullo River Sandstone. The Bullo River Sandstone and Black 
Point Sandstone Member probably contain both marine and 
fluvial facies. The Skinner Sandstone consists of diamictite 
and dolomitic sandstone containing lenses of conglomerate. 
Linearity of outcrop is evidence for fluvioglacial deposition 
in glacially incised valleys (Pontifex and Sweet 1972). The 
Fargoo Tillite is over 100 m thick and is characterised by a 
predominance of dolostone boulders. The unit is interpreted 
as a true glacial deposit, with only minor reworking by 
meltwater (Sweet et al 1974b). 

The Blackfellow Creek Sandstone has a maximum 
thickness of 32 m (Sweet et al 1974b) and consists of 
quartzose sandstone, containing abundant sole-marks and 
ripples. It is interpreted as a fluvial unit derived from glacial 
debris.The Moonlight Valley Tillite is poorly exposed in 
the NT but can be recognised by the presence of abundant 
erratics scattered on the residual weathering surface. The 
unit has an estimated thickness of about 280 m in WA and 
erratics consist of flattened, subrounded, striated, gouged and 
chatter-marked cobbles and boulders. The tillite is regarded 
as representing a true continental ice sheet deposit. The 
Ranford Formation is restricted and thin in the NT, where 
it contains four members: the Jarrad Sandstone Member, 
Bucket Spring Member, Beasly Knob Member and Ernie 
Lagoon Member. The Big Knob beds consist of ferruginous 
sandstone and polymictic conglomerate/diamictite. Dunster 
et al (2000) interpreted the Big Knob beds as glacial deposits, 
possibly remnants of eskers or kames, preserved in areas of 
lowest palaeo-topographic relief.

The glaciogenic Uniya Formation (Dundas et al 1987a, 
Edgoose et al 1989, Sweet 1974b) is 137 m thick and 
is a dominantly a true tillite, described as a polymictic 
conglomerate or diamictite, with subordinate interbedded 
sandstone and with an upper interval of varved carbonate/
siltstone (possibly a ‘cap carbonate’). Undifferentiated 
diamictite is a massive diamictite which contains scattered 
clasts in an olive-purple clay matrix. Cutovinos et al (2002) 
considered this diamictite to be equivalent to either the 
Moonlight Valley Tillite or Fargoo Tillite.

Structure and tectonIc hIStory 

The sedimentary rocks of the Wolfe Basin are flat-lying 
or gently dipping. The most conspicuous exceptions are 
open synclines and anticlines developed to the southwest 
of the Halls Creek–Victoria River Fault Zone. There is 

also some folding adjacent to the Spencer Range Fault, but 
the Moonlight Valley Tillite was deposited after the last 
major movement on this fault. All of the Duerdin Group 
is affected by near-vertical north-northwest-trending faults. 
Some of these have had several hundred metres of sinistral 
movement.

petroleum potentIal

There has been no petroleum exploration in the Wolfe Basin to 
date. The basin is part of the Centralian A Superbasin (Walter 
et al 1995, Munson et al 2013b), which contains elements of 
the Neoproterozoic Centralian Petroleum Supersystem of 
Bradshaw et al (2004). Although suitable reservoirs might be 
present within the relatively coarse siliciclastic succession, 
there is a paucity of potential source rocks and seals, and 
the basin is therefore regarded as having low petroleum 
prospectivity. However, viable source rocks might be present 
in underlying successions of the Victoria and/or Birrindudu 
basins, and it is possible that these might have supplied a 
hydrocarbon charge to Wolfe Basin reservoirs via long-
distance vertical and/or lateral migration.

dALy BASIn

IntroductIon

The Daly Basin outcrops over an area of about 20 000 km2 in 
the northwestern NT (Figure 153), but extends southward 
far beyond these boundaries under Mesozoic cover of the 
onshore Carpentaria Basin, and is continuous with coeval 
portions of the Wiso and Georgina basins. In the middle 
Cambrian, the interconnected Daly, Wiso and Georgina 
basins collectively formed part of a vast depositional 
area that extended across northern, central and southern 
Australia. The Daly Basin is bordered to the north by the 
Palaeoproterozoic Pine Creek Orogen and Birrindudu Basin, 
and to the east and west by the Palaeo- to Mesoproterozoic 
McArthur and Victoria basins, respectively.

The basin succession disconformably rests on early 
Cambrian Antrim Plateau Volcanics, and locally on the 
Jindare Formation of the Kalkarindji Province. It includes 
sedimentary rocks of the Daly River Group (Noakes 1949), 
of middle Cambrian age, together with the unconformably 
overlying Early Ordovician Florina Formation (Kruse et al 
2012). In general, the relatively undeformed and flat-lying or 
gently dipping succession becomes progressively younger 
from the margins of the basin towards the central area. 

Significant studies on the Daly Basin include Noakes 
(1949), Malone (1962), Randal (1962), Walpole et al (1968), 
Sweet et al (1974a), Stuart-Smith et al (1987), Kruse (1990), 
Kruse et al (1990, 1994, 2012), Tickell (2002, 2005, 2010) 
and Kruse and Munson (2013b). 

Summary of StratIgraphIc SucceSSIon

Daly River Group

The Daly River Group attains a thickness of 709 m in the 
stratotype section in cored drillhole NTGS86/1 (Kruse 
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et al 1990). It contains three formations, in ascending 
stratigraphic order, the Tindall Limestone, Jinduckin 
Formation and Oolloo Dolostone (Randal 1962, Malone 
1962, Kruse in Kruse et al 1990). The Tindall Limestone 
contains a diverse fossil fauna (Kruse 1990) and is 
securely dated as belonging to the middle Cambrian 
(Ordian: sequence 1 of Georgina Basin). The overlying 
Jinduckin and Oolloo formations are unfossiliferous 
or sparsely fossiliferous and are not well dated, but are 
nevertheless tentatively assigned to sequence 2 based on 
lithological correlation of the Jinduckin Formation with 
the Anthony Lagoon Formation of the Georgina Basin 
(Kruse 1996, 2003, 2008). The Jinduckin Formation–
Oolloo Dolostone interval is therefore broadly correlated 
with the Anthony Lagoon Formation, Wonarah Formation, 
Ranken Limestone and Camooweal Dolostone of the 
Georgina Basin, with the Point Wakefield beds of the Wiso 
Basin, and with the Eagle Hawk and possibly Overland 
sandstones of the Ord Basin. 

The Tindall Limestone (Figure 154) reaches a maximum 
known thickness of 204 m (Tickell 2005) and consists 
of oncoid, ribbon and bioclast limestone, with minor 
intercalated siltstone or mudstone, microbial laminite and 
stromatolitic boundstone (Kruse et al 1994). It is richly 
fossiliferous. Thick intervals of massive marine limestone 
are punctuated by up to four narrow peritidal intervals 
of maroon–green siltstone or dark grey mudstone, and 

associated microbial laminite and stromatolitic boundstone 
(Kruse et al 1994). The Jinduckin Formation is a mixed 
siliciclastic–carbonate unit that reaches a maximum-known 
thickness of 356.1 m (Kruse et al 1990). The formation 
consists predominantly of siliciclastic siltstone with 
dolomitic sandstone–siltstone interbeds, and local lenses 
of ooid dolograinstone, microbial dolostone and dolomitic 
quartz sandstone (Kruse et al 1990, 1994). The formation 
is a record of peritidal deposition centred on a prograding 
mixed carbonate–siliciclastic tidal flat. Progressive shifts 
in the hydrological regime as sediment loci accumulated 
resulted in recurring supratidal exposure. 

The Oolloo Dolostone (Figure 155) reaches a maximum 
known thickness of 225 m and consists of a lower and upper 
unit (Tickell 2002). The lower unit consists of dolostone, 
ooid dolograinstone, stromatolitic doloboundstone, 
cryptomicrobial dololaminite, quartzic dolostone and 
dolomitic sandstone (Kruse et al 1990, Tickell 2002), with 
sparse silty laminae, breccias, silty and shaly dolostone beds, 
quartzic dolostone and quartz sandstone. The upper unit is 
a crystalline dolostone with occasional beds of claystone 
and sandy mudstone. Tickell (2010) interpreted these upper 
beds as representing weathered rock of a palaeokarst zone 
that formed during a period of subaerial exposure, prior to 
deposition of the overlying Florina Formation. The Oolloo 
Dolostone denotes the higher-energy sediments offshore of 
the peritidal flats of the Jinduckin Formation. 
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Ungrouped

The Florina Formation is a recessive unit of alternating 
dolostone, fine-grained glauconitic siliciclastic rocks and 
minor limestone that reaches a maximum known thickness of 
167 m (Tickell 2010). The formation consists of a succession 
of three carbonate intervals separated by two fine-grained 
glauconite-bearing siliciclastic units (Tickell 2008, 2010). The 
carbonate rocks are mostly dolostone and lesser limestone. 
The Florina Formation contains a sparse fossil fauna that 
suggests an Early Ordovician age (Öpik 1968, Jones 1971). 
Deposition under dominantly marine, peritidal mudflat to 
subtidal lagoonal environments has been suggested (Kruse 
et al 2012), somewhat analogous to the Jinduckin–Oolloo 
depositional model established by Kruse et al (1990). 

Structure and tectonIc hIStory

The Daly Basin has a broad, shallow, symmetric synformal 
structure that defines the elongate, northwest-trending basin 
shape. The succession is little affected by tectonism, and is 
generally flat-lying or dips gently towards the centre of the 
basin, where the youngest strata are preserved.

Both the northeastern and southwestern margins of 
the basin are faulted. Basin margin-subparallel faults in 
the northeast margin are steep normal faults that have 

downfaulted Daly Basin sedimentary rocks to the southwest, 
locally drag-folding them (Needham et al 1980, Stuart-
Smith et al 1987). All the faults along the northeastern 
margin were initiated in Palaeoproterozoic time, and have 
subsequently been rejuvenated in the Mesoproterozoic, 
Palaeozoic and possibly Mesozoic. 

petroleum potentIal

No petroleum exploration has been conducted within the 
Daly Basin, and no petroleum shows have been recorded in 
any of the numerous drillholes and water bores that penetrate 
the basin. The succession is relatively thin and immature, 
and has low petroleum prospectivity. Potential source 
rocks have not been identified, although it is conceivable 
that underlying strata equivalent to the productive source 
rocks in the MacArthur Basin could have supplied a charge 
to Daly Basin reservoirs. However, migration paths would 
have to be very long, both vertically and laterally. It is 
notable that carbonate units within the succession (Tindall 
Limestone and Oolloo Dolostone) have very good reservoir 
properties, and form significant groundwater aquifers in the 
Daly River region (Tickell 2002, 2005). 

ord BASIn

IntroductIon

The Ord Basin straddles the NT–WA border and outcrops 
over an area of about 8500 km2, of which about 1700 km2 
(ca 20%) is in the NT (Figure 156). It is an erosional 
remnant of an extensive, once-continuous middle 
Cambrian depositional area, spanning the northern and 
central portions of the NT and continuing southwards 
and eastwards into adjacent states The western margin of 
the basin unconformably overlies, and is adjacent to the 
Palaeoproterozoic Halls Creek Orogen. Significant studies 
on the Ord Basin include Playford et al (1975), Dow (1980), 
Mory and Beere (1985, 1988), Mory (1990b) Kruse et al 
(2004) and Kruse and Munson (2013c). 

Summary of StratIgraphIc SucceSSIon

The Ord Basin succession is mostly contained within three 
main outcrop tracts, from south to north, the Hardman, 
Rosewood and Argyle synclines. Of the three component 
synclines, only the largest, the Hardman Syncline, has 
appreciable extent within the NT, although the Rosewood 
Syncline also impinges on the NT (Sweet 1973). The basin 
succession is disconformable on the early Cambrian Antrim 
Plateau Volcanics (Kalkarindji Province), above Proterozoic 
basement of the Birrindudu and Victoria basins. In the NT, 
the entire succession is included within the middle to ?late 
Cambrian Goose Hole Group (Mory and Beere 1985), which 
becomes progressively younger towards the west.

Goose Hole Group

The Goose Hole Group is altogether about 700 m thick 
and comprises middle Cambrian and possibly early late 

Figure 154. Karst towers of Tindall Limestone, exposed beside 
Stuart Highway, near Katherine (after Kruse and Munson 2013b).

Figure 155. Massive vuggy dolostone of upper unit of Oolloo 
Dolostone in FERGUSSON RIVER (after Kruse and Munson 
2013b). 
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Cambrian rocks. All internal formation contacts are 
conformable. Mory and Beere (1985) divided the group 
into the Negri Subgroup (maximum thickness 530 m) and 
overlying Elder Subgroup (370 m). 

Negri Subgroup
The Negri Subgroup comprises, in ascending stratigraphic 
order, the Headleys Limestone, Nelson Shale, Linnekar 
Limestone and Panton Formation, the last with two 
constituent named members (Figure 157). The middle 
Cambrian succession of the subgroup is the most peritidal of 
all correlative intervals in any of the NT sedimentary basins. 
It is dominated by gypsiferous siltstone and mudstone, 
punctuated by three brief marine carbonate incursions 
represented by the Linnekar Limestone and carbonate 
intervals within the Panton Formation. Carbonate rocks of 
the Linnekar Limestone and Panton Formation have yielded 
marine fossils (Kruse et al 2004) that enable the subgroup 
as a whole to be correlated with the Tindall Limestone of 

the Daly Basin; the Montejinni Limestone and Hooker 
Creek Formation of the Wiso Basin; and the Top Springs 
Limestone, Gum Ridge Formation, Thorntonia Limestone 
and Border Waterhole Formation of the Georgina Basin. 
The subgroup as a whole is broadly correlated with the 
Tarrara Formation (Carlton Group) of the Bonaparte Basin 
(Mory and Beere 1988).

The Headleys Limestone (Traves 1955) is 35–50 m thick 
(Mory and Beere 1988) and consists of microbial laminite 
and bedded limestone. It is entirely peritidal, and an 
intertidal to possibly supratidal depositional environment 
is indicated. The recessive Nelson Shale (Traves 1955) 
reaches a maximum-known thickness of 183 m (Mory and 
Beere 1985) and consists of gypsiferous and pyritic shale 
and mudstone, with minor sandstone and rare laminated 
limestone, deposited under peritidal conditions (Mory and 
Beere 1985, Kruse et al 2004) on periodically exposed, 
mud-dominated intertidal flats. The Linnekar Limestone 
(Traves 1955, Playford et al 1975) is up to 40 m thick and 
consists of microbial, bioclast and oncoid limestones, 
alternating with fossiliferous mudstone and marl. The 
fossiliferous middle interval of the formation was deposited 
in subtidal conditions, and represents the oldest marine 
incursion within the Ord Basin succession. Upper and lower 
microbial limestone intervals were deposited in a more 
restricted peritidal setting (Kruse et al 2004). 

The Panton Formation (sensu Mory and Beere 1985) 
has a maximum thickness of 308 m and contains two 
members: the Shady Camp Limestone Member and the 
stratigraphically higher Corby Limestone Member. The 
formation consists of gypsiferous siltstone and mudstone, 
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fossiliferous limestone and marl, and minor thin sandstone 
beds. It was deposited under peritidal conditions in intertidal, 
shoreface and shallow subtidal settings (Cutovinos et al 
2002, Kruse et al 2004).

Elder Subgroup
The Elder Subgroup is a sandstone-dominated succession 
overlying the Panton Formation. The subgroup outcrops 
mainly in the Hardman Syncline and, to a much lesser extent, 
in the Argyle Syncline. It reaches a maximum thickness of 
370 m (Cutovinos et al 2002) and comprises two formations: 
the Eagle Hawk Sandstone and the overlying Overland 
Sandstone (Mory and Beere 1985). The lower boundary of 
the subgroup is generally regarded as being gradational and 
conformable on the Negri Subgroup (Mory and Beere 1985, 
Kruse et al 2004), although Dow (1980) reported that, in the 
western Hardman Syncline, the subgroup is unconformable 
on various older units. The Elder Subgroup is unconformably 
overlain by the Late Devonian Mahony Group in the western 
Hardman Syncline in WA. The Eagle Hawk and possibly 
Overland sandstones are therefore broadly correlated with the 
Jinduckin Formation–Oolloo Dolostone interval of the Daly 
Basin; the Point Wakefield beds of the Wiso Basin; and the 
Anthony Lagoon Formation, Wonarah Formation, Ranken 
Limestone and Camooweal Dolostone of the Georgina Basin. 

The Eagle Hawk Sandstone has a maximum thickness of 
210 m in WA (Mory and Beere 1985), but exposures in the 
NT are poor (Cutovinos et al 2002) and consist of feldspathic 
to micaceous sandstone, and minor siltstone and mudstone, 
that were deposited on intertidal sand- and mudflats (Mory 
and Beere 1988). The Overland Sandstone is 230 m thick 
(Mory and Beere 1985, Cutovinos et al 2002) and consists 
of lithic arkose and sandstone, interpreted as representing a 
braided fluviatile depositional system draining a hinterland 
of low relief (Mory and Beere 1988). 

Structure and tectonIc hIStory

The Ord Basin is part of the Hardman Fold Belt, which 
also affects rocks of the Mesoproterozoic Osmond Basin 
(WA), Mesoproterozoic to Neoproterozoic Victoria Basin 
and Neoproterozoic Wolfe Basin (Tyler and Hocking 
2001). Erosion, folding and faulting, probably in the Late 
Carboniferous (Mory 1990b), have resulted in the succession 

being preserved in three isolated east-northeast-trending 
asymmetric synclines (Hardman, Rosewood and Argyle 
synclines, Figure 158), separated by two anticlines. Normal 
faults subparallel to the synclinal axes are adjacent to the 
steep northern limbs of each syncline; these either branch off 
or are a part of the Halls Creek Fault, which flanks the basin 
to the west.

Several significant faults cut the NT portion of the 
Hardman Syncline. The major northwest-trending Negri 
Fault transects the syncline and forms the southeastern 
margin of the basin for part of its length. The Limbunya Fault 
offsets the Headleys Limestone at the eastern margin of the 
Hardman Syncline. This is also an older Proterozoic structure 
(Cutovinos et al 2002) that was reactivated after deposition 
of the Cambrian succession. To the north, a third, unnamed 
east-trending fault in the Stirling Creek area likewise affects 
the Headleys Limestone at the basin margin. 

petroleum potentIal

There has been no petroleum exploration in the NT portion 
of the Ord Basin to date, although an application for an 
exploration permit has been made over the basin by Paltar 
Petroleum Ltd. The succession is equivalent to the very 
prospective middle–late Cambrian Thorntonia Limestone 
and Arthur Creek Formation interval of the southern 
Georgina Basin. However, it was deposited in mostly 
peritidal depositional settings, and rocks equivalent to the 
deeper-water organic-rich source facies of the Georgina 
Basin (eg lower Arthur Creek Formation ‘hot shale’) have 
not been recognised in the Ord Basin. Fine-grained rocks 
(eg peritidal shale) do occur within the basin, but their 
source potential is unknown, as is the thermal maturity 
of the succession. Coarse-grained clastic and carbonate 
rocks that could form conventional reservoirs are present 
throughout the Ord Basin succession, and effective regional 
and intraformational seals could be provided by fine-
grained clastic and carbonate rocks. The basin has also 
experienced some structural deformation, which suggests 
that conventional structural or structural/stratigraphic traps 
might be present. However, in the absence of good-quality 
baseline data on the petroleum geology of the succession, 
exploration programs in the basin should be considered as 
relatively high risk. 
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onSHorE ArAFurA BASIn

IntroductIon

The Neoproterozoic to Permian Arafura Basin extends from 
the onshore NT into Indonesian waters (Figure 159) and 
covers an area of about 500 000 km2, although the onshore 
area only covers around 15 000 km2 in northern Arnhem 
Land. Structurally, the basin consists of northern and 
southern sections separated by the large highly deformed 
Goulburn Graben (Bradshaw et al 1990). The Goulburn 
Graben is an offshore, west-northwest-trending asymmetric 
feature, over 350 km long and up to 70 km wide, that contains 
a sedimentary section in excess of 10 km thick. The region 
to the north of the Goulburn Graben forms the basin’s main 
depocentre, and contains a sedimentary succession up to 
15 km thick. South of the Goulburn Graben, a north-dipping 
relatively undeformed ramp that extends onshore contains 
up to 3 km of sedimentary rocks. 

The onshore Arafura Basin succession is Neoproterozoic 
to Cambrian in age, and is underlain by Palaeo- to 
Mesoproterozoic rocks of the McArthur Basin and Pine Creek 
Orogen. Mesozoic and Cenozoic sedimentary rocks of the 
Carpentaria Basin onlap the Arafura Basin to the east and 
southeast. This chapter focuses on the onshore sedimentary 
succession of the Arafura Basin in the NT (Figure 160). 
Significant studies of the Arafura Basin and, in particular, 
the onshore succession include Plumb (1963,1965), Rix (1964, 
1965), Dunnet (1965), Petroconsultants (1989), Bradshaw et al 
(1990), McLennan et al (1990), Plumb and Roberts (1992), 
Rawlings et al (1997), Carson et al (1999), Struckmeyer 
(2006a, b), Totterdell (2006), Geoscience Australia (2012), 
Zhen et al (2011) and Ahmad and Munson (2013d).

Summary of StratIgraphIc SucceSSIon

The Arafura Basin succession comprises sandstone, shale, 
limestone, dolostone, coal beds and glacial deposits. Totterdell 

(2006) described four main phases of deposition within the 
basin. Only the older two are onshore: (1) Neoproterozoic 
Wessel Group; and (2) middle Cambrian–Early Ordovician 
Goulburn Group. These basin phases were separated by long, 
relatively tectonically quiescent periods of non-deposition 
and erosion. 

Wessel Group

The Wessel Group was deposited initially as fill in a 
series of half grabens, followed by overlying sag phase 
sedimentary rocks (Plumb et al 1976). The group is a 
succession of shallow-marine, mostly quartz sandstone, 
mudstone and minor carbonate rocks. It reaches a composite 
thickness estimated to be about 2300 m (Rawlings et al 
1997). It unconformably overlies various formations of the 
McArthur Basin and is overlain, probably disconformably, 
by the Jigaimara Formation. The onshore Wessel Group 
comprises, in ascending order, the Buckingham Bay 
Sandstone, Raiwalla Shale, Marchinbar Sandstone and 
Elcho Island Formation (Figure 160). The age of the 
Wessel Group is poorly constrained between underlying 
Mesoproterozoic basement rocks and the overlying middle 
Cambrian Jigaimara Formation (Goulburn Group). A 
Neoproterozoic age is postulated for the group (Haines 
1998), although an early Cambrian age for the top of the 
group cannot be discounted. 

The Buckingham Bay Sandstone (Plumb and 
Roberts 1992) has a maximum thickness of about 350 m 
(Rawlings et al 1997), and consists of sandstone, breccia 
or conglomerate and mudstone. The unit is interpreted 
to have been deposited in a high-energy shallow-marine 
environment. The Raiwalla Shale (Plumb and Roberts 1992) 
comprises mudstone with sandstone interbeds (Rawlings 
et al 1997), and has a maximum thickness of 1000 m 
(Rawlings et al 1997). No metazoan or trace fossils have 
been recorded from the Raiwalla Shale, but carbonaceous 
impressions assigned to Chuaria have been used to assign a 
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Neoproterozoic age to the unit (Haines 1998). The shale was 
probably deposited under subtidal, marine shelf conditions 
(Rawlings et al 1997). The Marchinbar Sandstone is an 
estimated 300 m thick and is composed of quartz sandstone 
with sedimentary structures (Rawlings et al 1997). No 
metazoan or trace fossils have been found in the formation, 
and its interpreted Neoproterozoic age is based entirely on 
its stratigraphic position (Zhen et al 2011). A relatively high-
energy, very shallow-marine environment is interpreted 
for the unit and it probably represents the top of a shoaling 
cycle that began in the lower Raiwalla Shale (Rawlings 
et al 1997). The Elcho Island Formation has a maximum 
thickness of700 m and is a succession of locally glauconitic 
sandstone, interbedded with minor mudstone and chert, and 
sedimentary structures are common. Deposition probably 
occurred under shallow-marine shelf conditions, which at 
times, reached the point of exposure and desiccation.

Goulburn Group

The early middle Cambrian–Early Ordovician Goulburn 
Group disconformably or unconformably overlies the 
Wessel Group, and is unconformably overlain by the 

Late Devonian Arafura Group. The succession reaches 
a maximum thickness of about 2000 m in the offshore 
central part of the northern Arafura Basin, and contains, 
in ascending order, the Jigaimara Formation, Naningbura 
Dolomite, Milingimbi Formation and Mooroongga 
Formation; however, only the basal Jigaimara Formation 
occurs in the onshore portion of the basin. The Goulburn 
Group represents prolonged deposition on a shallow-marine 
shelf in a stable intraplate setting, inboard of the northern 
margin of Gondwanaland. The age of the Goulburn Group 
has been established from the presence of a middle Cambrian 
marine fauna in the basal Jigaimara Formation, and from 
Early Ordovician conodont faunas in the Milingimbi and 
Mooroongga formations (Zhen et al 2011). 

The Jigaimara Formation (Haines in Rawlings et al 1997) 
is a succession of interbedded limestone, shale, dolostone 
and chert (presumably after limestone and calcareous 
siltstone), that reaches a maximum thickness of 470 m 
(Zhen et al 2011). The formation is very fossiliferous, and is 
most likely to be early middle Cambrian in age (Shergold in 
Plumb et al 1976, Laurie 2006a, b, Zhen et al 2011). It was 
deposited in low-energy, shallow-marine, probably subtidal 
settings, following a regional transgression (Rawlings et al 
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1997). The remaining formations of the group are restricted 
to the offshore portion of the basin. The Naningbura 
Dolomite, Milingimbi Formation and Mooroongga 
Formation have a composite thickness of about 1500 m, 
and comprise dolostone to limestone with minor dolomitic 
silliciclastic sedimentary rocks, which were deposited in 
a predominantly shallow-marine environment (Bradshaw 
et al 1990, Nicoll 2006).

Arafura Group and Kulshill Group equivalent

The Late Devonian Arafura Group (Petroconsultants 
1989, Bradshaw et al 1990, McLennan et al 1990) and 
unconformably overlying rocks equivalent to the Late 
Carboniferous–Early Permian Kulshill Group of the 
Bonaparte Basin (Totterdell 2006) only occur offshore. 
A hiatus of about 100 million years separates these 
two groups from the underlying, generally structurally 
conformable Goulburn Group. The Arafura Group consists 
of shallow-marine to non-marine interbedded mudstone, 
siltstone, sandstone and minor carbonate rocks. It is about 
1500 m thick and is divided into the Djabura, Yabooma and 
Darbilla formations (Bradshaw et al 1990). Kulshill Group 
equivalent rocks reach a maximum thickness of about 
5000 m in the Goulburn Graben, which was formed as these 
sediments accumulated, but the original thickness of the 
group was probably much greater, as it is interpreted that up 
to 3000 m of section has been eroded following deformation 
and uplift in the Triassic (Struckmeyer et al 2006). The 
succession comprises interbedded sandstone, siltstone and 
claystone, with minor coal, and dolomitic rocks (Totterdell 
2006). These were deposited in a variety of environments 
ranging from fluvial to marginal marine to shallow marine 
(Petroconsultants 1989).

Structure and tectonIc hIStory

The Arafura Basin was initiated in the Neoproterozoic 
as a result of northwest–southeast-directed upper crustal 
extension that produced a series of northeast–southwest-
trending half grabens across the basin. The subsidence 
history was episodic, limited to four periods of basin-
wide subsidence (Basin phases 1–4) separated by long, 
relatively tectonically quiescent periods of non-deposition 
and erosion. Minor localised deformation in the Devonian 
and Carboniferous was probably due to the effect of far-
field stresses associated with the ASO (Totterdell 2006). 
The offshore west-northwest-trending Goulburn Graben 
(Figure 159) was formed in the Late Carboniferous to 
Early Permian, in response to oblique extension associated 
with the break-up of Gondwanaland, and underwent 
oblique inversion in the Triassic during a phase of regional 
contractional deformation (Basin phase 5 of Totterdell 
2006). 

petroleum potentIal

Exploration history

Summaries of the petroleum potential of the Arafura Basin, 
particularly the offshore areas, are in Petroconsultants 

(1989), Struckmeyer (2006b), Geoscience Australia (2012) 
and Ahmad and Munson (2013d). The offshore basin is 
considered to have significant potential for petroleum, but 
so far there have been no commercial discoveries. Oil shows 
and in situ occurrences of bitumen are known from a number 
of stratigraphic levels. Nine exploration wells have been 
drilled, all within the Goulburn Graben, and four of these 
have recorded significant oil shows in Palaeozoic strata. 
The majority of the basin outside the Goulburn Graben, 
including the onshore succession, remains underexplored.

In the early 1920s, bitumen was reported from Elcho 
Island, leading to the formation of the Elcho Island 
Naphtha and Petroleum Company, which drilled several 
unsuccessful holes in the 1920s on Elcho Island (Bell 1923). 
In 1971, Shell Development (Australia) Pty Ltd drilled the 
first well in the offshore Arafura Basin (Money Shoal-1) to 
test the Mesozoic Money Shoal Basin succession. At about 
the same time, Elf Aquitaine Petroleum was operating in 
the central southern region of the Arafura Sea. These two 
operators carried out extensive mapping based on seismic 
data, and defined the offshore Goulburn Graben as an 
important structural feature. The next phase of exploration 
in the early 1980s involved a number of operators, including 
Diamond Shamrock Corporation, Esso Australia Pty Ltd, 
Petrofina Exploration Australia SA and Sion Resources Ltd. 
A number of offshore wells were drilled at this time to test 
the Arafura Basin succession, and Arafura-1 recorded oil 
shows over a 425 m interval in the Devonian and Ordovician 
sections (Struckmeyer and Earl 2006a). Since the late 1980s, 
Geoscience Australia and several exploration companies, 
including BHP Petroleum Pty Ltd, have targeted Mesozoic 
plays in the Goulburn Graben area, but no significant 
discoveries have been made (Struckmeyer 2006d). 

Source rockS

Potential source rock intervals occur at a number of levels 
in the stacked McArthur, Arafura and Money Shoal basins 
(Figure 161). The Palaeo- to Mesoproterozoic McArthur 
Basin, which is interpreted to underlie much of the eastern 
Arafura Basin, contains seven or more potential source 
rock intervals, defined as having TOC greater than 0.5%. 
Of these, the Barney Creek Formation (McArthur Group) 
and Velkerri and Kyalla formations (Roper Group) have 
the highest TOC values, and have yielded numerous 
hydrocarbon shows/flows (see McArthur Basin). If these 
potentially excellent source rocks underlie the Arafura 
Basin, it is conceivable that hydrocarbon generation and 
expulsion from these rocks may have occurred, and may 
have charged younger reservoir units (Struckmeyer and 
Earl 2006b). 

Drillhole data and regional correlations indicate that 
a number of potential source rock intervals occur within 
the Arafura Basin succession (Bradshaw et al 1990, 
Edwards et al 1997). The Neoproterozoic Wessel Group 
contains promising source rocks (eg Raiwalla Shale and 
Elcho Island Formation), but no geochemical or organic 
petrological data are available for this interval, and it is 
yet to be properly evaluated. Samples from the Cambrian–
Ordovician Goulburn Group have returned TOC values of 
up to 8.6%, but the higher values represent migrated oil 
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and solid bitumen rather than dispersed organic matter. 
However, the presence of both abundant bitumen and oil 
stains in early Palaeozoic samples is indicative of a multi-
charge history from a prolific nearby source (Sherwood 
et al 2006). Oil stains in samples of early Palaeozoic rocks 
from drillholes Arafura-1 and Goulburn-1 have similar 
geochemical and isotopic characteristics to the early middle 
Cambrian Thorntonia(!) Petroleum System of the Georgina 
Basin (Boreham and Ambrose 2007). This suggests that the 
effective source rock within the Goulburn Group is most 
likely to occur in the Jigaimara Formation, which is also 
middle Cambrian in age (Sherwood et al 2006). With respect 
to the offshore succession, limited data suggest a generally 
poor source potential for the Late Devonian Arafura Group, 
although potentially fair source rocks may be present within 
marine calcareous mudstones. Good to very good source 
rocks with relatively high TOCs and Type II/III kerogen 
are present in the Permian–Carboniferous Kulshill Group 
equivalent succession (Sherwood et al 2006). 

Maturation and migration

Sherwood et al (2006) evaluated the thermal maturity of 
potential source rocks from a number of levels within the 
Arafura and Money Shoal basins using a combination of 
FAMM (Fluorescence Alteration of Multiple Macerals) and 
conventional organic petrological analyses. Boreham (2006) 
provided analyses of the organic geochemical maturity of a 
number of source rock samples from the same succession. 
Based on these datasets, sedimentary rocks of the 
Cambrian–Ordovician Goulburn Group have been assessed 
as being presently mature to overmature, Devonian Arafura 
Group rocks are early mature to mature, and Carboniferous–

Permian Kulshill Group equivalent rocks are immature to 
mature, for oil generation, with maturity dependent on the 
thickness of Money Shoal Basin overburden (Struckmeyer 
and Earl 2006b). Maturation levels of potential source 
rocks from the underlying McArthur Basin range from 
marginally mature to overmature for oil generation (see 
McArthur Basin). 

Evidence for hydrocarbon generation and expulsion 
in the Arafura Basin includes oil shows/indications and 
gas indications in most drillholes (Earl 2006), and the 
presence of interstitial solid bitumen in many samples 
(Sherwood et al 2006). However, in the Goulburn Graben, 
geohistory studies have indicated that oil generation from 
early Palaeozoic rocks may have been halted after a period 
of early migration, and before significant structures that 
could trap the oil were generated (Moore et al 1996). Early-
formed hydrocarbon accumulations might also have been 
breached by erosion following the Triassic deformation 
event (Higgins 2009). This might explain the failure to date 
to find a commercial accumulation in this portion of the 
basin. 

AOG (2014a) noted that unexplored onshore areas 
towards the margins of the basin appear to be on a direct 
and unhindered migration pathway from the hydrocarbon 
generative Goulburn Graben, and suggested that expelled 
oil could have reached these areas, despite the relatively long 
distances involved. Late-generated gas from deeply buried 
offshore areas might also have forced earlier-generated 
and -reservoired oil up-dip towards the basin margins in 
accordance with the theory of differential entrapment 
(Gussow 1954). Shorter migration paths might be possible 
from more deeply buried source rocks of the McArthur 
Basin, if these basins are in hydraulic communication. 
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reServoIrS and SealS

Potential reservoir rocks occur at several levels in both 
the Arafura and overlying Money Shoal basins. In the 
Arafura Basin, they include shallow-marine limestone and 
dolostone units of the Cambrian–Ordovician Goulburn 
Group, terrestrial to fluvio-deltaic interbedded sandstone 
and shale units of the Devonian Arafura Group and parts 
of the Permian–Carboniferous Kulshill Group equivalent 
(Struckmeyer and Earl 2006b, Figure 161). Potential 
reservoirs might also occur in the Neoproterozoic Wessell 
Group succession, but these are yet to be evaluated for 
their reservoir properties. Goulburn Group carbonate 
rocks have been shown to host oil and gas shows, and oil 
indications. They are generally fine grained, although some 
sandier intervals are present in the Ordovician section 
(Petroconsultants 1989). Original porosity is likely to have 
been mostly poor, but secondary porosity (vugs, fractures) 
has improved reservoir quality to 7.7% maximum porosity 
(Struckmeyer and Earl 2006b). Potential reservoirs in the 
offshore Arafura Group and Kulshill Group equivalent 
succession are discussed in Struckmeyer and Earl (2006b). 

Potential seal rocks are present throughout the Arafura 
Basin succession, and potential regional seals are present in 
the Devonian and Cretaceous successions (see Struckmeyer 
2006b). Shale interbeds could provide intraformational seals 
for carbonate reservoir rocks within the Goulburn Group, and 
a variety of diagenetic seals and traps could also be present in 
carbonate units. Fine-grained Cretaceous sedimentary rocks 
of the Bathurst Island Group (Money Shoal Basin) directly 
overlie Palaeozoic rocks of the Arafura Basin in the eastern 
part of the basin, and could provide a regional seal.

proSpectIvIty

AOG (2014a) noted that the Arafura Basin is the same age 
as productive successions in the Amadeus, Bonaparte and 
Canning basins, and that numerous good hydrocarbon shows 
have been reported from the Arafura succession in offshore 
wells, indicating that the succession is capable of hosting 
hydrocarbon accumulations, particularly oil. A variety of 
possible structural and stratigraphic play types are present 
within the offshore Arafura Basin, and these are discussed in 
Petroconsultants (1989) and Struckmeyer (2006d). 

The prospectivity of onshore areas of the Arafura 
Basin has not been assessed and is virtually unknown. No 
commercial exploration has yet been undertaken in this 
portion of the basin and there are no drill intersections of 
the onshore succession to assist in an assessment of the 
conventional and unconventional petroleum potential. The 
reported presence of bitumen on Elcho Island (Bell 1923) 
suggests that petroleum may have migrated towards the 
basin margins from deeper source kitchens, and such long 
migration pathways might have resulted in a hydrocarbon 
charge in the thinner succession at the basin margins. The 
basin is relatively undeformed in onshore areas, suggesting 
that any conventional petroleum accumulations are more 
likely to be in stratigraphic (eg pinchout), rather than 
structural traps. However, basement-cored structural traps 
might also be present in these areas (AOG 2014a). Reservoir 
quality might also be expected to improve towards the basin 

margins, where higher-energy fluvial–tidal and shallow-
marine environments are more likely to occur and where 
the effects of diagenesis might be less significant. However, 
in the absence of good-quality baseline data on the geology 
of the onshore succession, exploration programs in these 
areas should be considered to be relatively high risk.

cAnnInG BASIn

IntroductIon

The onshore Phanerozoic Canning Basin covers in excess of 
400 000 km2, of which only about 5000 km2 occurs in the 
NT; the majority of the basin is in WA. The Lucas Outlier 
(Figure 162) forms the easternmost terrane of the basin, 
and is separated from the main outcrop tract by a narrow 
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structural high containing northerly extensions of the 
underlying Neoproterozoic Murraba Basin (Playford et al 
1975, Hocking 1994). The outlier is represented by the Lucas 
Formation and overlying Pedestal beds (Blake et al 1979). 

Summary of StratIgraphIc SucceSSIon

devonian

The Lucas Formation comprises medium- to fine-grained 
calcareous to non-calcareous sandstone, interbedded with 
siltstone and mudstone, which are locally calcareous (Blake 
et al 1979). Facies variations, the presence of sedimentary 
structures, and the absence of fossils suggest deposition in a 
fluvial–lacustrine environment. The formation is estimated 
to be about 1000 m thick (Hodgson 1976). Based on 
lithostratigraphic correlations with the Pertnjara Group of the 
Amadeus Basin (Jones 1991) and with sedimentary rocks of the 
northeastern part of the Canning Basin, the Lucas Formation is 
interpreted to be Devonian (Blake et al 1979, Hocking 1994).

The Pedestal beds are up to 500 m thick and are composed 
of thin to very thick sandstone interbedded with minor 
conglomerate and shale (Blake et al 1979). Sedimentary 
structures and facies variations indicate that the formation 
was deposited in an alluvial fan environment. The unit has 
also been interpreted to be stratigraphically equivalent to 
the Devonian Pertnjara Group in the Amadeus Basin and to 
sedimentary strata in the eastern part of the Canning Basin in 
WA (Blake et al 1979, Grey 1990, Jones 1991).

Structure and tectonIc hIStory

Along the southern margin of the Lucas Outlier in the NT, the 
Pedestal beds dip steeply to the north, with dips becoming 
shallower away from the contact. There are also moderately 
tight, upright, east-plunging folds up to a few hundred metres 

across expressed in the formation. This deformation probably 
occurred during the ASO, suggesting that deposition of the 
unit predates the latest phase of deformation during this event 
(latest Carboniferous; Haines et al 2001).

petroleum potentIal

There has been no petroleum exploration in the NT portion 
of the Canning Basin and it should be considered a high-
risk frontier area for petroleum exploration. The region is 
undrilled and there is no seismic coverage. No potential 
source rocks have been identified within the Lucas Outlier 
succession, and any conventional hydrocarbon plays would 
therefore be dependent on long-distance vertical and lateral 
migration from the nearest-known generative source rocks 
in the Gregory Sub-basin (AOG 2014b, Figure 162), which 
is more than 100 km west of the NT portion of the basin, in 
WA. Suitable reservoirs might be present in the succession, 
but a regional seal is lacking, and trap integrity would 
therefore be dependent on intraformational seals. AOG 
(2014b) considered that possible traps in the Lucas Outlier 
are likely to be large structural closures with basement cores, 
developed on a rugose basement topography. Stratigraphic 
traps might also be present. Exploration programs would 
be targeting oil in shallow reservoirs that might have been 
displaced from deeper source areas by late-generated dry 
gas, in accordance with the theory of differential entrapment 
(Gussow 1954).

onSHorE cArPEntArIA BASIn

IntroductIon

The Jurassic–Cretaceous intracratonic Carpentaria Basin 
(Figure 163) lies beneath the Gulf of Carpentaria in offshore 
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northern Australia and extends onshore into Qld and the NT. 
It is overlain by Cenozoic sediments of the Karumba Basin 
(in Qld) and extends over a total area of about 680 000 km2. 
The basin was formed as a gentle intracratonic downwarp 
in the Jurassic and Cretaceous, and contains a typically 
thin, but laterally extensive sedimentary succession with a 
maximum thickness of about 1760 m in its major depocentre 
in the offshore Carpentaria Depression [Weipa Sub-basin 
(Burgess 1984)]. McConachie et al (1990) subdivided the 
Carpentaria Basin into four sub-basins. Onshore in the NT, 
only a condensed succession of the Western Gulf Sub-basin 
is present, and it onlaps an erosional surface of deformed 
Proterozoic rocks of the Arnhem Inlier, and sedimentary 
rocks of the McArthur, Georgina, Wiso and Daly basins. 
Basement highs separate the Carpentaria Basin from 
adjacent contemporaneous basins. The southern margins of 
the basin correspond to the known limits of the Cretaceous 
within the NT. 

Middle to Late Jurassic sediments within the basin were 
sourced from the east, and consist of fluvial clastic rocks in 
a series of basement depressions (McConachie et al 1990). 
A marine transgression affected the north of the basin in the 
latest Jurassic–earliest Cretaceous, and gradually became 
more widespread (Frakes et al 1987). Marine deltaic to 
fluvio-lacustrine environments at this time were replaced 
by widespread shallow-marine to marine conditions, which 
reached their maximum extent during the Aptian to early 
Albian, when much of the northern part of Australia was 
inundated. This middle Cretaceous transgression resulted in 
a thick mudstone succession over much of the basin. Pisolitic 
manganese was also precipitated in protected coastal areas 
along the west coast of Groote Eylandt at about this time 

(Ferenczi 2001). By Albian times, shorelines had retreated from 
much of the NT. Albian to later Cretaceous deposits indicate 
a continuing regression, with depositional environments 
gradually shallowing from shallow marine to paralic. During 
the Late Cretaceous, the margins of the basin were locally 
faulted, uplifted and eroded prior to the commencement of 
sedimentation in the overlying Karumba Basin.

The geology of the Carpentaria Basin and its sub-basins 
has been summarised in a number of publications, including 
Skwarko (1966), Smart et al (1980), Burgess (1984), 
McConachie et al (1990, 1994, 1997), Krassay (1994a, b), 
Ferenczi (2001), Cook (2013) and Munson et al (2013a). 

Summary of StratIgraphIc SucceSSIon

The following discussion is focused on the Western Gulf 
Sub-basin, which is the only portion of the basin to occur 
in the NT. This sub-basin occupies much of the Gulf 
of Carpentaria and extends onshore across much of the 
northern NT (Figure 163). The thin, flat-lying, relatively 
undeformed onshore succession comprises remnants of 
a once much more continuous outcrop tract that has been 
eroded and dissected by coastal peneplanation (Figure 164).

In the main depocentres of the Carpentaria Basin to the east, 
the relatively thick (up to 1760 m) succession has been divided 
into seven principle units. A much thinner onshore succession 
(maximum composite thickness of 50–60 m, but generally 
less than 20 m) in the Arnhem Land area was included within 
the former ‘Mullaman Beds’ by Skwarko (1966), who referred 
to the area as the ‘Coastal Belt’. Krassay (1994b) subsequently 
included all this strata within two units, the Walker River 
and Yirrkala formations. This succession is dominated by 
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sandstone, often interbedded with claystone and siltstone 
units, deposited in a shallow-marine shelf environment that 
evolved to fluvial, high-energy channel deposits and valley 
fills (Krassay 1994b). The strata have been assigned an Albian 
to Cenomanian age, based on lithostratigraphic correlations 
(Krassay 1994a) as well as microflora from lignitic coal 
partings from the Yirrkala Formation that are indicative of a 
late Albian age (Evans 1967). 

The thin Aptian to early or possibly middle Albian (late 
Early Cretaceous) sedimentary succession of the ‘Inland 
Belt’ of Skwarko (1966), or former ‘Dunmarra Basin’ of 
Eupene Exploration Enterprises Pty Ltd (1990), is now 
included within the onshore Carpentaria Basin (Munson et al 
2013a, Figure 165). The unnamed succession is equivalent, 
in part, with that of the coastal region and was also included 
within the former ‘Mullaman beds’ by Skwarko (1966). 
It forms a widespread outcrop tract that covers an area of 
about 200 000 km2 over the central northern part of the 
NT, extending from the Joseph Bonaparte Gulf to the Qld 
border (Figure 163). These strata have generally not been 
affected by tectonic activity and are near-horizontal. The 
rocks are comprised of fossiliferous siltstone and sandstone 
and have a total thickness of approximately 130 m. 

In general, the onshore Western Gulf Sub-basin 
stratigraphy records a large-scale marine transgression–

regression that resulted in the inundation of much of the 
northern NT. Basal terrestrial strata can probably be referred 
to a variety of fluvial and possibly lacustrine settings 
(Krassay 1994b), including high-energy channel deposits 
and valley fills, deposited on a basement topography of low 
to moderate relief. Finer-grained marine sedimentary rocks 
are widespread across the Dunmarra region, indicating that 
relatively deep shallow-marine conditions prevailed across 
much of this region at the time of maximum flooding during 
the Aptian to early Albian (Frakes et al 1987). Following 
the withdrawal of the sea in late Aptian–early Albian 
times, exposed Cretaceous rocks of the Dunmarra region 
were eroded and subjected to lateritisation in many areas. 
The Yirrkala Formation represents a return to terrestrial 
conditions in the east, as relative sea level continued to drop 
in the late Albian. 

petroleum potentIal

A recent short summary of the petroleum potential of the 
Carpentaria Basin is in Munson et al (2013a). All previous 
petroleum exploration activity in the basin has been focused 
on the offshore succession. In 1978, the Shell Company of 
Australia Ltd reviewed the hydrocarbon potential of the 
basin, and concluded that Proterozoic and/or Palaeozoic 
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source rocks could have charged overlying Mesozoic traps. 
They acquired offshore permits in the Gulf of Carpentaria 
in 1980, and a regional seismic survey program at relatively 
wide spacing (50 km) was shot in the early 1980s. In 1984, 
the dry well, Duyken-1, was drilled in the central part of 
the gulf, and all exploration leases were subsequently 
relinquished. In the late 1980s, a Comalco Ltd – Bridge 
Oil Ltd joint venture collected over 3000 line km of 
multifold seismic data, and drilled four offshore petroleum 
wells (McConachie et al 1990), which failed to intersect 
substantial hydrocarbon accumulations. The Geological 
Survey of Queensland also drilled four cored stratigraphic 
wells in deeper offshore areas. Since that time, there has 
been little petroleum exploration activity in the basin. 

Good potential source rocks occur in sedimentary 
successions underlying the Carpentaria Basin. These 
include Proterozoic organic-rich shale within the McArthur 
and Roper groups in the relatively unmetamorphosed 
McArthur Basin. Under conditions of late migration or 
remigration, Carpentaria Basin reservoirs could have 
received a hydrocarbon charge from these source rocks. 
Possible source rocks from within the offshore Carpentaria 
Basin succession include intervals within the Garraway 
Sandstone and Gilbert River Formation, and organic-rich 
shale of the Wallumbilla Formation equivalent (Burgess 
1984, McConachie et al 1990, Thomas et al 1991). In the 
Western Gulf Sub-basin, which constitutes all of the NT 
portion of the basin, basal channel sandstones within the 
50–150 m-thick Gilbert River Formation constitute good, 
but relatively small potential reservoirs. This formation 
is sealed by Wallumbilla Formation equivalent shale 
throughout much of the offshore area (Burgess 1984), but 
this potential seal is not present in the onshore succession. 
The effectiveness of this reservoir–seal pair has been 
demonstrated by oil shows in the south of the basin, and 

good flows of water have been recorded in onshore drillholes 
from the sandstones (Thomas et al 1991), although no 
commercial hydrocarbons have yet been discovered. 

Although the Mesozoic succession is thin onshore and, is 
less than 1800 m at its maximum depth offshore, oil shows 
have been reported in onshore wells (Smart et al 1980), 
showing that hydrocarbon generation is occurring within 
the basin. The deeper offshore portion of the basin may be 
within the oil window (Burgess 1984), and has potential for 
significant petroleum accumulations (McConachie et al 1994). 
However, in onshore areas, the succession is relatively thin, is 
discontinuous and unstructured, lacks an effective seal, and 
is unlikely to reservoir significant quantities of hydrocarbons.

onSHorE MonEy SHoAL BASIn

IntroductIon

The mostly offshore Jurassic to Cenozoic Money Shoal Basin 
extends northward from the onshore NT into Indonesian 
waters (Figure 166), and covers an area of about 230 000 
km2. The Money Shoal Basin sedimentary succession 
unconformably overlies the Neoproterozoic to Permian 
Arafura Basin, and Proterozoic rocks of the Pine Creek 
Orogen and McArthur Basin. It is up to 4500 m thick in the 
northwest of the basin, but thins rapidly eastward to less 
than 500 m. The base of the succession ranges in age from 
Middle Jurassic in the west to Late Cretaceous in the east. 
Sediments were mostly deposited in marine environments, 
but there were occasional deltaic and fluviatile incursions.

The onshore southern boundary of the basin to the 
south of Darwin is erosional, but at the time of maximum 
transgression (Aptian to early Albian), when much of 
northern Australia was inundated under a shallow sea (see 
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Frakes et al 1987), the Money Shoal Basin was probably 
continuous with the onshore Carpentaria Basin. Onshore 
exposures of the Money Shoal Basin are scattered across the 
northern part of the NT and offshore islands. Three discrete 
successions, separated by unconformities, are represented; 
in ascending stratigraphic order, these are: the ?Plover 
Formation equivalent (Troughton Group of the Bonaparte 
Basin equivalent); the Bathurst Island Group, represented 
by the Darwin, Marligur and Wangarlu formations, and 
Moonkinu Sandstone; and the ungrouped Eocene Van 
Diemen Sandstone (Hughes 1978, Petroconsultants 
1989). Two thick packages of sedimentary rocks that are 
widespread in the offshore basin are not recognised in 
onshore areas. These include a Callovian (late Middle 
Jurassic) to Hauterivian (Early Cretaceous) succession that 
is equivalent to the Flamingo Group (Gunn 1988) of the 
Bonaparte Basin, and a Cenozoic succession equivalent to 
the Woodbine Group (McLennan et al 1990), also of the 
Bonaparte Basin.

Significant studies of the Money Shoal Basin and, in 
particular, the onshore succession, include Noakes (1949), 
Hughes and Senior (1974), Senior and Smart (1976), Hughes 
(1978), Pietsch and Stuart-Smith (1987), Mory (1988, 1991), 
Petroconsultants (1989), McLennan et al (1990), Henderson 
(1990, 1998), Doyle (2001), Ferenczi (2001), Stilwell and 
Henderson (2002), papers in Struckmeyer (2006a, b), 
Geoscience Australia (2007, 2012) and Ahmad and Munson 
(2013f).

Summary of StratIgraphIc SucceSSIon

Late Early–late Middle Jurassic

Troughton Group equivalent

The Plover Formation equivalent (of the Bonaparte Basin) 
is possibly present as scattered exposures in onshore areas. 
These exposures have been previously included within the 
former ‘Petrel Formation’ (eg Pietsch and Stuart-Smith 
1987, Doyle 2001, Ferenczi and Sweet 2005). They consist 
of friable, poorly sorted, commonly limonitic sandstone 
and minor conglomerate. No fossils have been found in 
these rocks, and Pietsch and Stuart-Smith (1987) tentatively 
assigned an age of Late Jurassic to Neocomian to them. 
However, the age could range from Early Jurassic to Early 
Cretaceous. 

Late Early–Late cretaceous

Bathurst Island Group

The Bathurst Island Group is mainly located offshore on 
the northern and northwestern Australian continental 
shelf in the Bonaparte and Browse basins, but it extends 
onshore in the northern NT. The succession thins rapidly 
onshore towards the southern margin of the Money Shoal 
Basin, from 569 m thick in drillhole Tinganoo Bay-1 in 
northeastern Melville Island, to 289 m in BMR Cobourg 
Peninsula-3, to a minimum onshore thickness of about 
83 m in Gunn Point-1 near Darwin (Kemezys 1968, Hughes 
1973, 1978). The onshore succession is divided into the 

Darwin, Marligur and Wangarlu formations and Moonkinu 
Sandstone (Hughes 1978, Pietsch and Stuart-Smith 1987), 
which were deposited in shallow-marine, lacustrine and 
near-shore fluvial environments (Doyle 2001). The Bathurst 
Island Group was deposited in the Early–Late Cretaceous 
during an overall transgressive–regressive cycle that 
reached its peak during the Aptian to early Albian, when 
much of the northern part of Australia was inundated 
(Frakes et al 1987, Henderson 1998). 

The Darwin Formation and its lateral equivalent, the 
Marligur Formation, rarely exceed 20 m, but a maximum 
thickness of 63 m has been recorded (Doyle 2001). The 
onshore Darwin Formation is dominated by claystone and 
minor silty claystone (Hughes 1978, Pietsch and Stuart-
Smith 1987, Doyle 2001, Figure 167). The environment of 

Figure 167. Darwin Formation (after Ahmad and Munson 2013f). 
(a) Flat-lying claystone of Darwin Formation unconformably 
overlying moderately dipping Proterozoic Burrell Creek 
Formation (Pine Creek Orogen). Note regolith profile (ferruginous 
duricrust, mottled zone) developed at top of section. (b) Basal 
conglomerate of Darwin Formation above scoured unconformity 
surface on near-vertical Burrell Creek Formation. Clasts in lower, 
normally graded conglomerate bed are dominantly of vein quartz; 
upper polymictic conglomerate bed contains clasts of vein quartz 
and Burrell Creek Formation.

a

b
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deposition has been interpreted as relatively low-energy 
shallow marine/paralic (Pietsch and Stuart-Smith 1987, 
Henderson 1998). The Marligur Formation comprises poorly 
consolidated quartz sandstone, clayey sandstone and sandy 
claystone, and was deposited under marginal marine/paralic 
conditions (Pietsch and Stuart-Smith 1987). The maximum 
thickness of the unit is a drillhole intersection of 62 m. 

The Wangarlu Formation thins towards the southern 
margin of the basin to be only 32 m thick in drillholes 
on the NT coast (Pietsch and Stuart-Smith 1987). It is 
dominated by micaceous mudstone with variable amounts of 
glauconitic siltstone, sandstone, marl and limestone (Mory 
1988, 1991). The formation is marine and contains neritic to 
bathyal, as well as reworked fluvial microfaunas (Rexilius, 
1987, 1988). The Moonkinu Sandstone consists of grey to 
yellow, cross-bedded fine-grained glauconitic sandstone 
and quartz sandstone, interbedded with lesser light to dark 
grey siltstone and mudstone. The unit is about 400 m thick in 
Tinganoo Bay-1 and is interpreted to have been deposited in a 
shallow-marine to deltaic setting (Hughes 1978). Henderson 
(1998) noted that sandstone of the Moonkinu Formation is 
characteristically bioturbated, and has sedimentary structures 
that are consistent with deposition on a shallow shelf. 

cenozoic

Ungrouped

Van Diemen Sandstone 
The Van Diemen Sandstone comprises white to yellow, 
cross-bedded, medium- to coarse-grained quartz sandstone, 
with minor lenses of siltstone and granular conglomerate. 
The formation gradually thickens northward across the 
islands and, in its type section at Cape Van Diemen, an 
incomplete section of more than 55 m in thickness is 
exposed (Hughes and Senior 1974). Plant fossils have been 
recovered from mudstone within the unit and these are 
Eocene or possibly younger in age (White in Hughes 1978). 
A fluvial environment of deposition has been interpreted for 
the formation (Hughes 1978). 

Structure and tectonIc hIStory

Mesozoic strata of the Money Shoal Basin were largely 
deposited during a period of passive margin subsidence, 
but were mildly affected by the far-field effects of tectonism 
occurring on the northwestern Australian margin to 
the west. In the late Cenozoic, the basin experienced a 
compressional tectonic phase related to collision between 
the Australian plate and the Eurasian plate to the north. 
In general, late Early Cretaceous to Cenozoic strata in the 
basin dip at a low angle to the northwest, as a result of 
slow subsidence and flexing of the Australian plate. The 
onshore succession is generally little deformed. 

petroleum potentIal

Summaries of the petroleum potential of the Money 
Shoal Basin, particularly the offshore areas, are in 
Struckmeyer (2006b) and Ahmad and Munson (2013f). 
The history of petroleum exploration in the Arafura and 

Money Shoal basins is discussed in Arafura Basin. A 
number of exploration programs involving drilling and 
seismic acquisition have been conducted in these stacked 
basins, particularly since the 1960s, but no commercial 
hydrocarbon accumulations have been discovered. Despite 
this, the Money Shoal Basin remains underexplored and 
is prospective for petroleum. Nine petroleum exploration 
wells have been drilled in the offshore basin, all in the 
region of the underlying Goulburn Graben. Direct evidence 
of hydrocarbon generation and expulsion is provided by oil 
shows/indications and gas indications in the majority of 
these wells, at various levels in the Palaeozoic and Mesozoic 
successions. In onshore areas, the succession has been 
penetrated by three petroleum wells on Bathurst Island and 
by a number of stratigraphic drillholes in mainland areas. 
Minor indications of petroleum (small gas shows, extracted 
oil residue) were noted in all three petroleum wells (Hare 
and Associates 1961, Hughes 1978).

Source rocks and thermal maturity

Potential source rock intervals occur at a number of levels 
in the stacked McArthur, Arafura and Money Shoal basins 
(Figure 168) and in the adjacent Bonaparte Basin, to the 
west of these successions. Those from basins underlying or 
adjacent to the Money Shoal Basin are discussed in these 
sections. In the offshore Money Shoal Basin, potential 
source rocks containing oil-prone Type II/III kerogen 
have been reported throughout the Mesozoic section. The 
Jurassic Plover Formation equivalent has TOC values in 
the range 0.5 –8%, and some intervals within the overlying 
Jurassic–Early Cretaceous Flamingo Group equivalent 
have TOC values up to 4.9%, indicating fair to very good 
source potential for these units (Struckmeyer and Earl 
2006). Both successions are generally immature for oil 
generation over much of the basin, particularly in the east, 
but maturity increases to the northwest; and in the deepest 
parts of the basin, such as the western Goulburn Graben 
and areas further to the north, they are likely to be mature 
for oil and possibly gas generation (McLennan et al 1990, 
Higgins 2009). The Cretaceous Bathurst Island Group has 
TOC values in the range 0.5–2.7%, indicating that some 
intervals have fair to good source potential. Hare and 
Associates (1961) reported an oil residue extracted from a 
sample of the group in Bathurst Island-1, and concluded that 
this demonstrated that the thick shales intersected by this 
well have some source potential. Over most of the Money 
Shoal Basin, source rocks are immature for hydrocarbon 
generation, but they may be buried deep enough to reach oil 
maturity in the westernmost Goulburn Graben and adjacent 
areas of the Bonaparte Basin (Struckmeyer and Earl 2006).

Reservoirs and seals

In offshore areas of the basin, favourable reservoir 
characteristics are present in the Plover Formation 
equivalent and Flamingo Group equivalent successions 
(Earl 2006). These units reservoir significant hydrocarbons 
in the Bonaparte and Browse basins to the west, and 
equivalent rocks in the offshore Money Shoal Basin are 
likely to have similar reservoir potential (Struckmeyer and 
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Earl 2006). Regional and semi-regional seals are provided 
by claystone-rich intervals in the lower Flamingo Group 
equivalent, and by the Bathurst Island Group. In onshore 
areas, the Money Shoal Basin succession is dominated by 
the Bathurst Island Group, significant thicknesses of which 
were intersected in wells in Bathurst Island (eg 569 m 
thick in drillhole Tinganoo Bay-1; see above) and along the 
northern coastline. The reservoir properties of sandstone 
intervals within the group have not been properly assessed, 
but samples from offshore drillhole Tuatara-1 have yielded 
porosities of 13–33%, with an average of 20% (Earl 2006). 
This indicates that there is some potential for these intervals 
to reservoir conventional hydrocarbons at relatively shallow 
depths, under conditions of lengthy shoreward migration 
from deeper offshore source kitchens. 

Prospectivity

Reviews of the petroleum prospectivity of the Money 
Shoal Basin, mostly focused on offshore areas, are in 
Petroconsultants (1989), McLennan et al (1990), Miyazaki 
and McNeil (1998), Struckmeyer (2006c), Higgins (2009), 
Geoscience Australia (2007, 2012) and Ahmad and Munson 
(2013f). Most attention has been on areas in the vicinity of the 
Goulburn Graben and to the northwest, north and east of this 
structure. Prospectivity is perceived to be greatest in these 
areas, due to the thickness and maturity of the successions, 
and the presence of a variety of potential stratigraphic and 
combined stratigraphic–structural plays for hydrocarbons 
sourced from underlying Palaeozoic and Mesozoic source 
kitchens. In contrast, the southern portion of the basin, 
including onshore areas, has received little exploration 
interest. Higgins (2009) noted that, due to the thinness of 
the succession (<3 km), in situ sourcing of hydrocarbons 
is unlikely in these areas, and long-range migration from 
neighbouring source kitchens in the Bonaparte and offshore 
Money Shoal and Arafura basins would be necessary 
to charge potential traps. The southern basin has not 

experienced appreciable tectonic activity, and the likelihood 
of finding sizable structures is therefore low (Hughes 1978), 
although structural closures over basement highs might be 
present. Any conventional traps are therefore more likely 
to be stratigraphic, and would be related to pinchouts and 
possibly to unconformities. Conventional reservoir quality 
would usually be expected to improve in areas near the 
basin’s margins, where depositional energy is greater and 
coarser, relatively well sorted clastic facies would have 
been deposited. However, the distance from mature source 
kitchens in the offshore basin downgrades the prospectivity 
of the onshore portion of the basin, and exploration programs 
in these areas should be considered to be relatively high risk.

The Bathurst Island Group is the only interval of the 
Money Shoal Basin succession to have any petroleum 
potential in onshore areas. This group is thickest offshore 
and thins markedly to the south towards onshore areas, 
where it consists of shale and coarser clastic rocks, deposited 
in shallow-marine, lacustrine and nearshore fluvial 
environments (Doyle 2001). The group has most potential 
in the more northerly onshore areas of the NT (eg Tiwi 
Islands, Cobourg Peninsula), where greater thicknesses of 
the group have been intersected in drillholes, and where 
coarser clastic rocks that could potentially reservoir 
conventional hydrocarbons (eg Moonkinu Sandstone) are 
present. Abundant regional and intraformational seals, 
in the form of fine-grained clastic rocks, are present 
throughout the group. The unconventional reservoir 
potential of the Bathurst Island Group is unassessed and 
largely speculative, but minor oil indications and gas shows 
have been recorded from Bathurst Island wells, which 
suggests that there might be some potential for shale gas and 
-oil within the unit. The thickness of the group (>2000 m) 
suggests that there are significant volumes of rock available 
to source economic hydrocarbon accumulations, even if the 
proportion of source material within the group is relatively 
low. Immaturity would constitute a significant risk for the 
relatively shallowly buried succession in the southern basin. 
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onSHorE cEnozoIc BASInS

IntroductIon

Cenozoic basins are largely restricted to the southern 
and central parts of the NT (Figure 169). The basins 
received the bulk of sedimentation during the middle to 
late Eocene (52–36.6 Ma) and during the late Oligocene 

to middle Miocene (30–10 Ma). The intervening periods 
essentially represent non-deposition and formation of 
silcrete, ferricrete, and gypsum in playa lakes. Depositional 
environments are entirely continental, and dominated 
by fluvial and lacustrine environments. The basin fill is 
generally in the order of 200–300 m in thickness.

In central Australia sedimentation during the middle to 
late Eocene partly filled narrow depressions within mountain 
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ranges of the Arunta Region. These include the Hale, Burt, 
Mount Wedge and Whitcherry basins. Deposition during the 
second pulse was in palaeodrainage depressions on the northern 
and eastern flanks of the uplands, and includes the Aremra, 
Bundey, Ti-Tree, Willowra, Ngalabaldjiri and Yaloogarie 
basins (Senior et al 1995). The Cenozoic sedimentary 
succession mostly overlies the rocks of the Arunta Region 
extending into parts of the Georgina and Amadeus basins. It is 
mostly eroded from the northwestern, central and southeastern 
parts of the Amadeus Basin. The basins within and around the 
main central ranges of central Australia, largely coinciding 
with the southern part of the Arunta Region, appear to be 
largely tectonic basins formed during weak Cenozoic uplift 
events. Basins in the northern part of the Arunta Region and 
into the Tanami area are more distal from these movements, 
and largely represent palaeovalley systems.

A complete review and stratigraphic summary of the 
basins can be found in Edgoose and Ahmad (2013). Other 
significant studies on the Cenozoic geology of the onshore 
NT include Langford et al (1995), Craig (2006), Robertson 
et al (2006), and a number of studies related to groundwater 
investigations, or geomorphology and landscape history, as 
listed in Edgoose and Ahmad (2013). 

petroleum potentIal

The Cenozoic Basins of the NT have limited prospectivity 
for commercial hydrocarbons, as the successions are 
generally thin and they have not been deeply buried, so 
that there are consequently very low levels of maturation. 
However, locally high levels of carbonaceous matter, in 

the form of lignite, have been reported from the Hale, 
Farm, Ti-Tree, Waite, Bundey, Aremra, Lake Lewis, 
Whitcherry, Ayers Rock, Lake Eyre and South Alligator 
basins (Edgoose and Ahmad 2013, Figure 169). These 
were investigated for their coal potential in the early 
1980s. In 1981, NTGS drilled 11 cored diamond holes in 
five Cenozoic basins, and samples from all the significant 
carbonaceous intersections were analysed by the Australian 
Coal Research Laboratories in Sydney. The results were 
discussed and tabulated in Wyche (1983), who also 
described carbonaceous material or lignite encountered 
by drilling from 12 locations across the southern NT. The 
most significant deposit identified in this study was the 
middle to late Eocene Ulgnamba Lignite Member of the 
Hale Formation in the Hale Basin, which is located about 
80 km northeast of Alice Springs (see Figure 170). The 
carbonaceous Ulgnamba Lignite Member was deposited 
in a paludal environment, has a large aerial extent, and is 
about 4 m thick in drillhole Alice Springs-SH2 (Stewart 
et al 1980). The unit contains relatively poor-quality 
lignite, so that Wyche (1983) suggested that it may have 
more potential as an oil shale, rather than a low-grade coal 
deposit. Truswell (pers comm 1981 in Wyche 1983) noted 
that the oil yield from two lignite samples (103 l/t and 74 l/t 
at zero moisture content) is comparable with Cenozoic oil 
shale prospects in Qld, but other than this study, the oil 
shale potential of the deposit has not been investigated in 
any detail. More recent drilling in the eastern part of the 
Waite Basin has encountered significant coal and lignite 
intervals at 103–128 m depth (Till 2008), but these are 
unassessed for their hydrocarbon potential.
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APPEndIx: GLoSSAry oF tErMS And kEy 
ABBrEVIAtIonS

bbl (barrel): The standard unit of measurement for all 
production and sales – one barrel equals 159 litres or 
35 imperial gallons.

Bscf (Bcf): Billion standard cubic feet where a billion is 
defined as 109. On average 1 Bscf of sales gas = 1–1.2 PJ.

boe: barrels of oil equivalent.
bopd: barrels of oil per day.
bwpd: barrels of water per day.
Basin-centred gas accumulation (BcGA): 

Unconventional, indirect gas accumulation, typically 
in sandstone, exhibiting low permeability, abnormal 
pressure (low or high), gas saturation and absence of a 
down-dip water contact. A BCGA usually occurs as a 
regionally pervasive accumulation covering hundreds 
or thousands of square kilometres.

coalbed methane (cBM or coal-bed methane): Also 
known as coalbed gas, coal seam gas (CSG), or coal-
mine methane (CMM). A form of natural gas extracted 
from coal beds. The term refers to methane adsorbed 
into the solid matrix of the coal. 

Commercial field: Petroleum field with proven reserves 
that are either in production or likely to be in production 
in the near future (see also Technical discovery).

condensate: Hydrocarbons that are in the gaseous state 
under reservoir conditions and that become liquid when 
temperature or pressure is reduced.

contingent resource: See Introduction: resources 
classification system.

conventional petroleum: Petroleum, including crude 
oil, condensate and natural gas that is extracted from 
a reservoir, after drilling operations, by the natural 
pressure of the well and/or by pumping or compression 
operations.

crude oil: Liquid petroleum as it comes out of the ground. 
Crude oils range from very light (high in gasoline) to 
very heavy (high in residual oils). Sour crude is high in 
sulfur content; whereas sweet crude is low in sulfur and 
generally more valuable.

d: Darcy, a unit of permeability.
drillstem test (dSt): A test for water or hydrocarbons in 

a reservoir by allowing it to flow to the surface under 
controlled conditions in a drillstem test.

EoM: extractable organic matter.
Genetic potential: see Petroleum potential.
GIIP: Gas initially in place.
Gross rock volume: Amount of rock in the trap above the 

hydrocarbon–water contact.
Hydrogen Index (HI): In RockEval Pyrolysis, HI is a 

parameter used to characterise the origin of organic 
matter. Marine organisms and algae, in general, 
are composed of lipid- and protein-rich organic 
matter, where the ratio of H to C is higher than in 
the carbohydrate-rich constituents of land plants. 
HI is usually given without units, but is measured 
as mg HC/g TOC. It typically ranges from ca 100 to 
ca 600 in geological samples. HI values above 300 
have substantial potential to source hydrocarbons, 
whereas depleted HI indicates the prior generation 

and expulsion of hydrocarbons, or poor-quality 
source rock. 

Hydrocarbon shows: An indication of petroleum within 
a well. Hydrocarbon shows typically consist of: live 
petroleum in cores or cuttings that bubble gas, or bleed 
oil or gas at surface conditions; petroleum fluorescence 
under ultraviolet light; residual staining by oil or 
bitumen; and above-background gas levels detected 
while drilling.

kerogen: A mixture of organic chemical compounds that 
make up about 90% of the organic carbon in sediments. 
It is derived from the breakdown and diagenesis of 
plant and animal matter and can be classified based on 
chemical composition and visual properties. Macerals are 
the individual organic components making up kerogen 
and they are classified by optical properties determined 
by organic petrology. The four maceral groups are 
liptinite, exinite, vitrinite and inertinite. These groups 
are determined by the type of organic material that 
the macerals are derived from. Organic geochemical 
techniques are used to classify kerogen into four types, 
I, II, III and IV, based on chemical composition and 
the relative amounts of carbon, hydrogen and oxygen 
present. The higher the hydrogen content in kerogen, 
the higher the oil-generative potential of the source 
rock. During burial and resulting thermal maturation, 
as oil and gas form/crack from the source rock, kerogen 
becomes depleted in hydrogen and oxygen, relative to 
carbon:

Type I kerogen has a high atomic hydrogen-to-
carbon (H/C) ratio (ca 1.5) and low atomic oxygen-to-
carbon (O/C) ratio (<0.1). It is predominately composed 
of the most hydrogen-rich organic matter known 
in the geologic record. The organic matter is often 
structureless (amorphous) alginate of algal or bacterial 
origin. Petrographically, Type I kerogens consist mostly 
of liptinite macerals, with trace to minor amounts of 
vitrinite and inertinite sometimes present.

Type II kerogen has high atomic H/C (1.2–1.5) and low 
O/C ratios compared with Types III and IV. It is formed 
from several very different sources, including marine 
algae and bacterial-cell lipids, and is best preserved in 
marine sediments deposited under reducing conditions. 
Type II kerogens are dominated by liptinite macerals 
with lesser amounts of vitrinite and inertinite. Type II 
kerogens account for most petroleum source rocks.

Type III kerogen has low H/C (<1.0) and high O/C 
(up to ca 0.3). Such low-hydrogen organic matter is 
polyaromatic and derived mostly from higher plants. 
Type III kerogen is the chemical equivalent of vitrinite, 
telinite, collinite, huminite, and so-called humic or 
woody kerogen. Type III kerogens have much lower oil-
generative capacities than do Type II and, unless they 
have small inclusions of Type II material, are normally 
considered to generate mainly gas and occasionally 
associated condensate, if the thermal maturation is 
adequate.

Type IV kerogen has low H/C (=0.5) and relatively 
high O/C (0.2–0.3). Type IV kerogen is oxidised 
and hydrogen-poor, and has no potential to produce 
hydrocarbons. 
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LnG: Liquefied natural gas.
LPG: Liquid petroleum gas. 
md: millidarcy, a unit of permeability.
mmbbl: million barrels.
mmscfd: million standard cubic feet per day.
mmstb: million stock tank barrels. Oil volume unit; 

equivalent to mmbbl, but the oil is required to be at 60°F 
(15.556°C), so is not representative of volume of oil in 
reservoir.

net/gross ratio: The proportion of gross rock volume 
formed by the reservoir rock ( range is 0 to 1).

oIIP: Oil initially in place.
oil chemistry and biomarker typing: The organic 

geochemistry of oils, bitumens and extracts from source 
rocks provides information on: the nature of the source 
(microbial, algal); environmental conditions during 
deposition (oxidising/reducing); levels of thermal 
maturity; degree of biodegradation, or water washing, 
or both; and source interval matching, in which ratios 
of signature alkanes or other molecules (biomarkers) are 
used to correlate oils back to their source rocks.

oil- and gas shale: An unconventional petroleum 
accumulation consisting of organic-rich, fine-grained, 
thermally immature sedimentary rock with very high 
levels of kerogen. The rock must be heated to convert 
the kerogens into extractable hydrocarbons (cf shale gas 
and -oil).

oxygen Index (oI): In RockEval Pyrolysis, OI is derived 
from the ratio of CO2 to TOC (100 x S3/TOC). OI values 
range from near 0 to ca 150. OI is a parameter that 
correlates with the ratio of O to C, and can be useful for 
tracking kerogen maturation or type. 

Play fairway: The geographic area over which a play 
is thought to extend, usually determined by the 
depositional and erosional limits of the reservoir. This 
need not always be the case; play fairways based on the 
regional extent of a hydrocarbon source rock system or 
particular structural style are equally valid.

Petroleum potential: Also known as Potential yield, 
or Genetic potential. In RockEval Pyrolysis, the 
petroleum potential represents the maximum quantity 
of hydrocarbons that a sufficiently matured source rock 
might generate, in kg/t. Good to excellent potential is 
>6 kg/t; 2–6 kg/t is fair to good, and <2 kg/t is considered 
poor. It is defined as the sum of S1 + S2. It therefore 
accounts for the quantity of hydrocarbons that the rock 
has already generated (S1) and those that the rock could 
still produce if maturation continues (S2). Rocks that 
have already generated and expelled hydrocarbons will 
have depleted potential yields. Conversely, samples that 
contain migrated hydrocarbons will overestimate the 
true potential yield of the host rock.

Petroleum system: Defined as encompassing ‘a pod of 
active source rock and all genetically related oil and gas 
accumulations’. The essential elements of a petroleum 
system include a source rock, reservoir rock, seal rock 
and overburden rock. Any quantity of petroleum, no 
matter how small, is proof of a petroleum system. An oil 
or gas seep, a show of oil or gas in a well, or an oil or gas 
accumulation demonstrates the presence of a petroleum 
system. The name of a petroleum system contains 

several parts that name the hydrocarbon fluid system. It 
should include: (1) the source rock in the pod of active 
source rock; (2) the name of the reservoir rock that 
contains the largest volume of in-place petroleum; and 
(3) the symbol expressing the level of certainty. Level 
of certainty includes: (!) = known (a positive oil–source 
rock or gas–source rock correlation); (.) = hypothetical 
(in the absence of a positive petroleum–source rock 
correlation, geochemical evidence); (?) = speculative 
(geological or geophysical evidence). 

Current USGS assessments use the Total Petroleum 
Systems–Assessment Unit (TPS-AU) method to 
estimate the quantities of undiscovered oil and gas in 
a petroleum system. The term Total Petroleum System 
extends the concept of the petroleum system to include 
the sum of all undiscovered oil and gas fields in the 
complementary plays and complementary prospects 
within that system. The term Assessment Unit (AU) 
is a volume of rock within the TPS that encompasses 
fields, discovered and undiscovered, that are sufficiently 
homogeneous in terms of geology, exploration strategy 
and risk characteristics to constitute a single population 
of field characteristics with respect to criteria used for 
resource assessment. The TPS serves as an excellent 
foundation for petroleum-resource assessments for the 
following reasons: (1) it offers a practical approach 
that standardises and focuses the gathering and 
communication of relevant geologic knowledge; (2) 
the geologic and geochemical components of a TPS 
can be scientifically tested; (3) petroleum geologists 
are generally familiar with the criteria used to identify 
and map TPSs; and (4) new information that improves 
the understanding of the TPS can be incorporated into 
an assessment. A TPS might equate to a single unit for 
assessment, but can be subdivided into two or more units 
to keep each sufficiently homogeneous with respect to 
geology, exploration considerations, and risk.

Although there may well be advantages in redefining 
traditional petroleum systems that have been described 
from NT basins as TPSs, this is considered to be 
beyond the scope of this report, which is intended as a 
basic summary of the existing state of play. Where the 
TPS-AU concept has been used in the onshore NT (eg 
Amadeus Basin), a summary of the system is provided.

PJ: petajoules. The joule is the metric measurement unit for 
energy, and is theoretically a more accurate alternative 
to measurement of a gas resource by volume (eg Bscf). 
One petajoule is equal to 1015 joules. 

Potential yield: See Petroleum potential.
Production Index (PI = S1/[S1 + S2]): In RockEval 

Pyrolysis, this index characterises the degree 
of maturation of organic matter. A PI of 0.1–0.4 
approximates to the oil window; values above this are 
overmature for oil generation.

Prospective resource: See Introduction: resources 
classification system.

Quality (Hydrocarbon type) Index (S2/S3): In RockEval 
Pyrolysis, this index compares the ratio of S2 
(hydrocarbons generated by pyrolysis of the kerogens) 
to S3 (trapped CO2) to provide information about the 
type of organic matter present in the source rock. If the 
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type of kerogen is known, the S2/S3 ratio can be used to 
determine what product is likely to be expelled from the 
rock during peak maturity.

reserve: See Introduction: Resources classification 
system.

rockEval Pyrolysis: This method is used to identify 
the type and maturity of organic matter and to detect 
petroleum potential in sedimentary rocks. It consists 
of a programmed temperature heating (in a pyrolysis 
oven) in an inert atmosphere (helium) of a small sample 
(ca 100 mg), to quantitatively and selectively determine 
(1) the free hydrocarbons contained in the sample and 
(2) the hydrocarbon- and oxygen-containing compounds 
(CO2) that are volatilised during the cracking of the 
unextractable organic matter in the sample (kerogen). 
The four basic parameters obtained by pyrolysis are S1, 
S2, S3 and TMax (which see).

S1: The amount of free hydrocarbons (gas and oil) in the 
sample (in milligrams of hydrocarbon per gram of rock) 
produced during programmed pyrolysis. If S1 >1 mg/g, 
it may be indicative of an oil show. S1 normally increases 
with depth. Contamination of samples by drilling fluids 
and mud can give an abnormally high value for S1. 

S2: The amount of hydrocarbons generated through thermal 
cracking of nonvolatile organic matter produced during 
programmed pyrolysis. S2 is an indication of the quantity 
of hydrocarbons that the rock has the potential of 
producing should burial and maturation continue. This 
parameter normally decreases with burial depths >1 km. 

S3: The amount of CO2 (in milligrams per gram of 
rock) produced during pyrolysis of kerogen. S3 is an 
indication of the amount of oxygen in the kerogen and 
is used to calculate the oxygen index (OI, see above). 
Contamination of the samples should be suspected 
if abnormally high S3 values are obtained. High 
concentrations of carbonates that break down at lower 
temperatures than 390°C will also cause higher S3 
values than expected. 

Shale oil and -gas: Also known as oil-or gas-bearing 
shale. An unconventional petroleum accumulation in 
relatively low-porosity and -permeability, fine-grained 
sedimentary rock, which is thermally mature to the 
point that included kerogen has been converted into oil 
and gas. 

tscf: Trillion standard cubic feet, where a trillion is defined 
as 1012.

technical discovery: Sub-commercial discovery or 
discovery with unassessed or unproven reserves (see 
also Commercial field).

tMax (ºc): In RockEval Pyrolysis, TMax is the temperature 
of maximum hydrocarbon yield (top of S2 peak). TMax is 
a quantitative indication of the degree of maturation of 
organic matter, but varies with kerogen type. Generally 
in shales, TMax of 400–430ºC represents immature 
organic matter, 430–450ºC represents the mature or 
oil zone, and TMax >450ºC is overmature for oil. Some 
authors put the upper end of the oil window as high as 
470ºC.

total organic carbon (toc): A measure of the amount 
of organic matter in a rock and hence its potential to 
source petroleum. The critical threshold TOC value 

for shale to become a viable source rock is generally 
regarded as being about 0.5 wt%; values of 1–4 wt% 
represent good to very good potential to form a viable 
source rock, whereas higher values (>4 wt%) represent 
excellent potential. 

uGIIP: Undiscovered gas initially in place.
uoIIP: Undiscovered oil initially in place.
unconventional petroleum: An umbrella term for oil, 

condensate and natural gas that is produced by means 
that do not meet the criteria for conventional production. 
Unconventional petroleum accumulations are generally 
pervasive throughout a large area and are not significantly 
affected by pressure exerted by water (hydrodynamic 
influences). Accumulations occur outside conventional 
structural closure and are in reservoirs with very low 
permeability, including sandstone, siltstone, shale and 
carbonate rocks. Types of unconventional petroleum 
accumulations include basin-centred gas accumulations, 
oil- and gas shale, shale gas and -oil, and tight oil- and 
gas sands. The term also includes unconventional gas in 
association with coal (coalbed methane). Unconventional 
petroleum production is commonly seen as more costly than 
for conventional oil and, in most cases, is much less efficient. 
However, it offers potential for vast reserves and is a major 
target for exploration and production in many areas of the 
world, including the USA and Australia. Unconventional 
exploration strategies are generally aimed at identifying 
‘sweet spots’ for commercial production, defined by 
factors such as depth, natural fracture distribution and/
or rock mechanical properties. Unconventional petroleum 
discoveries are usually best accessed by horizontal drilling 
techniques and fracture stimulation, and/or targeted 
drilling of natural fracture zones.

Note that the term ‘unconventional’ is a complex 
interactive function of resource characteristics; the 
available exploration and production technologies; 
the current economic environment; and the scale, 
frequency, and duration of production from the resource. 
Perceptions of these factors inevitably change over time 
and they often differ among users of the term. See also 
Basin-centred gas accumulation, Shale oil and -gas, 
Coalbed methane, Oil and gas-shale. 

Vitrinite reflectance (VR): A key method for identifying 
the maximum temperature history of sedimentary 
rocks, used as a tool to study the metamorphism of 
kerogens to hydrocarbons. It is used as an indicator of 
maturity in hydrocarbon source rocks. Generally, the 
onset of oil generation is correlated with a reflectance 
of 0.5–0.6% and the termination of oil generation with 
a reflectance of 0.85–1.1%. The onset of gas generation 
(‘gas window’) is typically associated with values of 1.0–
1.3% and terminates at about 3.0%. These generation 
windows vary between source rocks with different 
kerogen types. The VR value represents the highest 
temperature that the vitrinite maceral (and source 
rock) has experienced. Typically VR data is presented 
in units of %Ro (% reflectance in oil), the measured 
percentage of reflected light from a sample immersed 
in oil, but is often presented as just a percentage (%).
The lack of vitrinite macerals in marine shales with 
little terrestrial input often requires alternative maturity 
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parameters instead of VR, such as RockEval TMax, 
biomarker equivalences and other maceral reflectance 
parameters (eg liptinite reflectance). The method is also 
invalid in pre-Late Devonian rocks, because vitrinite 
is absent in rocks older than this. However, several 
reflectance studies on vitrinite-like phytoclasts (eg 
coalified graptolites, algae, thucholites and other grains) 
have been attempted in rocks of this age. Because of 

the difficulties in comparing reflectivities of kerogen of 
differing and unknown composition, these results are 
sometimes questionable. See also Vitrinite reflectance 
equivalent (VR equiv).

Vitrinite reflectance equivalent (VR equiv): A scale of 
equivalent vitrinite reflectance for rocks older than Late 
Devonian. See also Vitrinite reflectance (VR).
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