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Extended Abstract

Productivity of Paleozoic petroleum systems depamdsming (Paleozoic—Cenozoic)
and preservation (sub—suprasalt) of charge, as@Ked by super-giant, giant and
small oil and gas fields within the Paleozoic basshNorth America, North Africa,
North Caspian, and the Canning Basin. Like othéed2aic basins, one of the major
exploration risks in the underexplored Paleozoaxeasion of the Canning Basin is
the timing of charge and its preservation durirgg@plex tectonic history. This
review covers Paleozoic petroleum systems of thenidg Basin and reconstructs
petroleum charge history at Acacia 1 and 2 on tdWBire Terrace, Kidson 1 within
the Kidson Sub-basin, Willara 1 within the WillgBab-basin, and Yulleroo 1 within
the Fitzroy Trough. We estimate the timing of cleabbg@sed on new data (Ghori and
Haines, 2006) generated to supplement publishediapdblished open-file
information.

Figure 1 shows the geographic distribution of aill @as within the Canning Basin.
Subsalt Ordovician sourced oil has been recover€&tlidalgarra 1, Dodonea 1, Edgar
Range 1, Great Sandy 1, Leo 1, Percival 1, Piceordl2, and Solanum 1. Suprasalt
Upper Devonian sourced oil is producing from thm8ffield, and oil shows are
present in Boronia 1, Ellendale 1, and Janpam fire8alt Lower Carboniferous
sourced oil is producing at the Boundary, Lloydn&awn, West Kora, and West
Terrace fields and a gas accumulation is presdpoiat Torment 1. These petroleum
systems are part of the Australia-wide Larapinfr(©rdovician), 3 (Devonian), and
4 (Early Carboniferous) and Larapintine—Gondwaneamn3ition petroleum
supersystems (Bradshaw el al., 1994). Figure 2 sanmes preserved stratigraphy, oil
and gas distribution, major tectonic events, raciksuintersected in the four modelled
wells, petroleum supersystems, timing of paleottaepisodes, and source rock
characteristics.

The depositional and erosional history of the Cagiasin commenced with
extension and rapid subsidence in the Early Ordawvjdollowed by four major and
several minor phases of deposition and erosionvibed responsible for evolution
and preservation of at least three petroleum syst@rdovician, Devonian, and
Permian. Major tectonic events responsible forddygositional and erosional histories
of the basin include the Samphire Marsh extensrenqaling Ordovician to Silurian
deposition, Devonian Prices Creek Compression poi@evonian to Lower
Carboniferous deposition, Carboniferous Meda treesspon before Lower
Carboniferous to Lower Triassic deposition, Triasdurassic Fitzroy transpression
preceding Jurassic to Lower Cretaceous deposdiwth finally Jurassic—Cretaceous
extension.

Figure 2b summarizes source rock generating palearid measured maturity from
new and open-file data. These indicate the presaiaeanic-rich, oil-prone source
rock intervals within the Ordovician, Devonian, Ganiferous, and Permian, with
source rock richness and oil-proneness generatisedses from Ordovician to
Permian. The interpretation of over 5968 opentblal organic carbon content (TOC)
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from 138 wells and 1762 Rock-Eval pyrolysis anasysem 109 wells indicate that
most of the analyses are either not from sourcl irdervals, or were contaminated
by migrating oil or during drilling operations. @fese TOC and Rock-Eval data, only
106 samples from 37 wells are interpreted as feliabd most of these are from the
Ordovician Goldwyer and Bongabinni Formations. Ehfesgmations contain the
richest oil-prone source rocks in the basin, whth tichest analyses in each unit from
wells on the Barbwire Terrace and Admiral Bay F&idhe, respectively. Our new
spot check analyses include 73 TOC, 26 Rock-Evallpsis, 8 extract analyses for
source rock potential, and 30 organic petrologirellyses for source maturity.

Figure 3 displays geothermal history and time afrgk as a function of petroleum
generation rate at Acacia 1 and 2, Kidson 1, Walthrand Yulleroo 1 well locations.
The geothermal history as a function of maximunepmperature and the timing of
cooling within these wells are constrained by 14 a@atite fission track analysis
(AFTA) and 30 new vitrinite reflectance (VR) anadgsundertaken (Duddy et al.,
2006). These data identify, characterize and giyamsiating and cooling episodes
that affected the preserved stratigraphy in the foodelled wells and provided key
constraints on the heat flow, burial and sourc& raaturation histories at these
locations.

The source maturation history at Acacia 1 and therBarbwire Terrace is
constrained by two paleothermal episodes of codhimigp the maximum temperature,
recognised from the AFTA and VR data, indicatingcmmaum generation rate during
the Triassic. However, the Goldwyer Formation isnature to marginally mature in
these wells (Figure 3a), as it is elsewhere orBémdwire Terrace due to
comparatively shallow depth of burial when compareddjacent basinal areas of the
Fitzroy Trough and Gregory sub-basin to the nonth ldidson, and Willara sub-
basins to the south.

At Kidson 1 within the Kidson Sub-basin, three p#hermal cooling episodes from
maximum temperatures are recognised and the gewdhéarstory indicates that
maximum generation rate from Ordovician source samtcurred during the Permian.
However, the Goldwyer and Bongabinni Formationscasermature in this well. In
contrast, the maximum generation rate from Devosaurce rocks occurred during
the Jurassic, and the Devonian Mellingerie Fornmaigsamature for oil generation in
Kidson 1 (Figure 3b). Source rock evaluation datlable from Kidson 1 are
unreliable due to contamination, most probablymtythe drilling operation.

For Willara 1 within the Willara Sub-basin, onlyepaleothermal episode is
recognised for cooling from maximum temperaturesl, itss source maturation history
indicates that maximum generation rate for Ord@vigource rocks occurred first
during the Permian, then during the Cenozoic. Thkl@yer and Bongabinni
Formations are marginally mature to mature inwed (Figure 3c). Although 223
TOC and Rock-Eval pyrolysis analyses are avail&di&Villara 1, none is
characterised as a source rock, except one higggna-rich sample within the
immature Permian.

At Yulleroo 1 within the Fitzroy Trough, three patermal episodes involving

cooling from maximum temperatures are recogniséith, Rvaximum generation rate
for Upper Devonian source rocks occurring durirgy@arboniferous, and for Lower
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Carboniferous source rocks, during the Permian.Ujhyger Devonain succession is
overmature and Lower Carboniferous succession @)g mature at this location
(Figure 3d). However, good oil-prone source rodlesrot recognised in this well
from the available TOC and Rock-Eval data.

To evaluate the oil occurrences within reservdindiogies, 100 potential reservoir
rock samples from Acacia 1, Dodonea 1 and 2, LobmVahite Hills 1, and Yulleroo

1 were analysed using new techniques that measuastifative Grain Fluorescence
(QGF) and Quantitative Grain Fluorescence-Extr@&It-E). These are extremely
sensitive in determining the presence of microscamounts of oil in reservoir rocks
and migration pathways. From QGF-E intensity, dgptfiles, and spectral
characteristics, Liu and Fenton (2005) recogniss@al intervals representing either
residual reservoired oil or migration pathwaysliroathese wells. This initial
reservoir evaluation, though tentative at this staigdicates generation and migration
of petroleum in these areas and provides incentorefsirther studies.

This review concludes that oil and gas is geogialyi and stratigraphically
widespread, the timing of petroleum charge variesily across the basin, and the
guantity and quality of existing source-rock evélradata for the Willara and
Kidson Sub-basins are limited for determining sewnack distribution and charge
volume risks. The timing of charge for Ordoviciaugsce rocks varies from Early
Permian in Kidson 1 to Early Jurassic in Acaciand d. For Devonian source rocks,
it varies from Early Carboniferous in Yulleroo 1here gas was recovered, to Early
Jurassic in Kidson 1.

The exploration history of the underexplored Cagrasin shows a direct
correlation between drilling activity and discoes; with peak exploration drilling
and discoveries made during the 1980s (Figure 9.ldw level of exploration and
wide geographic and stratigraphic distribution ibbod gas, demonstrate the high
potential for significant new oil discoveries. Howee, this requires further systematic
studies of key risk factors in different tectonitta, including source (Gregory,
Kidson, and Willara sub-basins), reservoir (subglkays) and seal (suprasalt plays)
distribution and quality, timing of trap formatimersus generation — accumulation
(Gregory Sub-basin), and its preservation (FitZFoyugh).

KEYWORDS: petroleum system, source rock, petrolg@meration, Paleozoic,
Ordovician, Devonian, Carboniferous, Canning Badfiestern Australia.
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Figure 2. Canning Basin stratigraphy and sourck patential: a) generalised time-
stratigraphy, rock units, oil production, oil anaisgshows, and rock units present
within Yulleroo 1 (Y) , Acacia 1 and 2 (A), Kidsdn(K), and Willara 1 (W) wells
used for petroleum generation history reconstruaetit®) organic richness, facies and
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organic facies from RE,fx versus hydrogen index; iii) thermal maturity fréti,

Tmax Versus production index.
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Figure 3. Deposition, erosion, and petroleum charg®ries as a function of
preserved stratigraphy and lithology, source rockiress and quality, magnitude and
number of paleothermal episodes: a) Acacia 1 atwhibined; b) Kidson 1; ¢)
Willara 1; d) Yulleroo 1.
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