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ABSTRACT

A detailed regional geochemical study of over 70 oils and condensates, 11
natural gases and 130 core samples from potential source rocks enable resolution
of the generation and migration history of petroleum in the Bowen and Surat
basins. Biomarker analysis confirmed a pre-Jurassic source for the petroleum.
Stable carbon-isotope analysis further indicated a Permian-sourced petroleum and
was able to differentiate a very minor and localised Triassic source contribution.
The dominant source for the petroleum is terrestrial land plants as well as a minor
marine source influence. Lower delta plain and alluvial Permian coals show the
higher liquid potential compared with upper delta plain facies. Initial liquid expulsion
from the source rock occurred at vitrinite reflectance 0.65-0.7% and continued to
Ro of 1.05%. This was followed by the main phase of gas generation between
1.05%<Ro0<1.4%. The gas generation enabled remobilisation of liquid petroleum for
further migration. Biodegradation occurred throughout the basins’ petroleum
migration history, resulting in an initial regional phase of heavy
palaeobiodegradation followed by a second phase of more localised and less
intense in-reservoir alteration.

INTRODUCTION
Regional Geology

The Bowen and overlying Surat Basins are situated in east-central Queensland
and extend south into northern New South Wales. The Permo-Triassic Bowen
Basin is an elongate basin, recognised as the northern continuation of the Bowen-
Gunnedah-Sydney basin system, with a length of 900km extending from Collinsville
in Queensland to Moree in New South Wales. It covers a total area of just over
200000km?,

The Bowen Basin consists of two main depocentres, the Tarcom and Denison
Troughs although a smaller depocentre, the Arbroath Trough, occurs to the
southwest of Roma. The largest of the troughs, the north trending Taroom Trough
in the east contains up to 9000m of Permian and Triassic sediments (Figs. 1 and
2) and covers an area of approximately 50000km? (Hawkins et al., 1992). lt is
bounded to the west by the Wunger Ridge, Roma and Collinsville Shelves and the
Comet Ridge. Its eastern limit is the structural eastern margin of the basin. To the
west and separated from the Taroom Trough by the Comet Ridge, the north-
northwest trending Denison Trough is 320km long and 60km wide. It is bound on
the west by the Nebine Ridge and Springsure Shelf and on the north and south by
the Capella and Roma Shelves, respectively. Deposition within the Denison Trough
was most active during the Early Permian where sedimentation overlaid the Comet
Ridge in the Early Permian and the Springsure Shelf in the Late Permian, providing
continuity with the Taroom Trough and the Galilee Basin, respectively. The trough
contains up to 6500m of non-marine and marine clastic rocks with the maximum
thickness occurring in the southwest. More than 2700m of this is basal rift-fill which
has not been penetrated fully by drilling (Gray, 1989).

© Australian Geological Survey Organisation 1994 1
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Figure 1. Stratigraphic column and sequence boundaries in the Bowen (Triassic
and Permian) and Surat (Jurassic) basins (after Totterdell et al., 1991). In the
Taroom Trough region the Blackwater Group is synonymous with the Baralaba
Coal Measures whereas the Back Creek Group covers Gyranda Formation through
to Buffel Formation.
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To the south the Bowen Basin is overlaid by the younger Surat Basin (Figs. 1
and 2) for about half the total area of each basin. It is an eastern arm of the more
extensive East Australian Jurassic to Cretaceous depositional system. The Surat
Basin is broadly meridional, extending for 800km between Taroom in the north and
Dubbo in the south. At its widest it is about 450km and has a total area of
270000km? (Allen, 1976). The maximum section of about 2300m occurs in the
Mimosa Syncline over the site of the Taroom Trough. The succession thins
relatively gently by deposition and onlap onto the western shelves, o 1250m at
Roma and 1520m at Riverslea on the Wunger Ridge. On the crest of the Nebine
Ridge to the west of Roma, it is 600m. A similar relationship is shown with the
eastern shelves where the section is 1800m at Moonie, thinning to 1150m on the
Kumbarilla Shelf. The present northern limits are clearly erosional, and it is
uncertain as to how far the sediments originally extended to the north, although it is
assumed that sediment thickness decreased in a northerly direction (Mallett et al.,
1990)

Basin Development and Depositional History
Bowen Basin

The stratigraphic sequences in the Bowen basin are summarised in Figure 1.
The evolution of the Bowen Basin commenced in the Late Carboniferous or Early
Permian through initial rift forming by back-arc extension, followed by a mid-
Permian sag phase and then to a Late Permian-Middle Triassic foreland basin
stage (Korsch et al., 1990; Murray, 1990).

Extension of the crust at the western margin resuited in rapid subsidence of the
Denison Trough and the development of a series of tilted fault block, half grabens.
The initial thick rift-fill was deposited in a complex alluvial fan, fluvial and marsh
environment and resulted in the coal-bearing Reids Dome beds on the western
shelf. Coal seams occur locally up to 25m thick (Gray, 1989). Contemporaneous
volcaniclastic and associated sediments of the Camboon Volcanics were deposited
along the eastern margin (Fig. 1).

The sag phase (post-extension thermal subsidence) associated mainly with the
mid Permian, resulted in widespread marine transgression and regression cycles
for the remainder of the Early Permian and for much of the Late Permian. The
basin which was probably closed to the north and south saw the influx of the sea
from the east over the subsiding and inactive volcanic arc (Fielding et al., 1990).
Deposition of the marine Cattle Creek Formation was strongly diachronous because
contact in the west between it and the terrestrial Reids Dome beds ranges from
sharp to the development of marginal marine ‘transition beds’. On the slowly
subsiding eastern margin, the Buffel Formation represents a condensed sequence
of carbonate and clastic facies. On the western margin, craton-derived sediment of
the Staircase Member of the Cattle Creek Formation was deposited in restricted
deltas. The emergent highlands to the west and a relatively stable basin geometry
provided the deltaic sediments of the Aldebaran Sandstone (Fielding et al., 1990).
Sandstone associated with this regressive event form many of the known reservoirs

© Australian Geological Survey Organisation 1994 4



in the Denison Trough. The Taroom Trough generally lacked these high energy
sand influxes along its margins and the fill is generally poorly sorted and clay
choked. To the north at this time, localised extensional activity resulted in
subsidence of the small Blair Athol Basin and resultant coal-bearing sediment fill.
The northern margin was composed of coastal plain environments wherein the
Collinsville Coal Measures (Ingelara Formation equivalent?) were deposited. Deltaic
facies along the western margins continued into the Late Permian to deposit the
(lower) German Creek Formation. In the east, continued subsidence of the inactive
volcanic arc saw the coastal carbonate/siliciclastic sediments of the Oxtrack
Formation pass into the thick shelf mud succession of the Barfield Formation
(Fielding et al., 1990).

At this stage in the Late Permian, reactivation of the volcanic arc (uplift of the
New England Orogen) and westward thrusting in the New England Orogen
transformed the Bowen Basin into a foreland basin. The Flat Top Formation in the
east is a consequence of the shedding of volcanic lithic sediment from the
emerging volcanic arc. In the northern half, eastward prograding deltas combined
with major axial fluvial systems to deposit the lower delta plain German Creek and
upper delta plain Moranbah Coal Measures (Falkner and Fielding, 1990). Marine
environments at this time were limited to the central-western region wherein
deposition of the Peawaddy Formation occurred via southward prograding deltas
which also covered the Springsure Shelf. Transgression over the southern half
deposited the lacustrine or quasi-marine Black Alley Shale while non-marine
deposition of the Fort Cooper Coal Measures occurred in the north. Deltaic
sediment supply from the still active arc system in the east resulted in the Gyranda
Formation. Subsequent subdued volcanic activity in the east may have precipitated
the basin wide peat forming environments of the prograding delta and alluvial
systems of Late Permian Bandanna Formation (southwest), Baralaba Coal
Measures (southeast) and the Rangal Coal Measures (central and northern). The
Permian section may be over 4000m in the north near Taroom.

Intensifying uplift and thrusting in the east, coupled with an inferred climatic
change involving hot, humid conditions with pronounced wet and dry periods, saw
the Permian swamps replaced by a fluvial environment during the Triassic (Elliott,
1989). The first of these was the red-bed sediments of the Early Triassic Rewan
Group. These volcanic lithic sediments which are devoid of coal conformably
overlie the Permian Blackwater Group in the basin centre while they are
unconformable at the basin edges. In the Denison Trough, quartz sandstone is
common in the basal section of the Rewan Group. Reservoirs are sealed regionally
by subsequent transgressive marine units although intra-formational seals are
common throughout. In the Taroom Trough, reservoir sands are developed locally
within the Rewan Group but are of poor quality.

Uplift in the west resulted in the alluvial quartzose deposits of the Clematis
Group around the Early-Middle Triassic boundary. The fluvial system of the
Clematis Group extended over the Denison Trough and into the Taroom Trough
where it is represented along the southwest margin by the principal petroleum
reservoir, the Showgrounds Sandstone. This succession in the Taroom Trough is

© Australian Geological Survey Organisation 1994 5



significantly thinner in the southern part of the trough than its maximum
development in the north. The fluvial style of deposition was terminated in the
southern and western regions of the basin by a transgression which deposited the
fine-grained sediments of the Snake Creek Mudstone Member of the Lower
Moolayember Formation. A return to dominantly alluvial systems in the Middle
Triassic saw the deposition of the youngest Bowen Basin sequence, the
Moolayember Formation. Sandstone reservoirs occur in some areas of the Roma
Shelf and Wunger Ridge but are generally inferior in quality to that of the
Showgrounds Sandstone. Up to 5000m of Triassic sediments are preserved in the
northern Taroom Trough.

Surat Basin

The stratigraphic sequences in the Surat basin are summarised in Figure 1. Uplift
at the end of Middle Triassic time, in some parts up to 3000m (Ellioit, 1988), ended
Bowen Basin deposition. The throws of many of the normal faults associated with
the half grabens were reversed at this time, to become major thrust faults (Elliott,
1989).

Erosion and peneplanation, in localised areas down to Permian sediments,
resulted in a general smooth, low relief topography (Elliott, 1989). At a time of
subdued tectonic activity, the Surat Basin was initiated in the Early Jurassic by
regional subsidence of the older rocks and saw fluvial-lacustrine-coal swamps
being deposited in a broad, gentle subsiding, intracratonic basin. From this time,
continuity was established with the Eromanga Basin to the west and the Clarence-
Moreton Basin to the east. The thickest accumulation, up to 1700m, of Jurassic
sediments occurs within the Mimosa Syncline. This structural feature closely
parallels the depositional axis of the underlying Taroom Trough. The non-marine
history was characterised by alternation of low and high energy sedimentary cycles
of fine and coarse grained sediments, respectively and provide favourable
reservoir/seal associations at successive levels. The initial blanket sandstone, the
Precipice Sandstone, provides the principal reservoir in the Surat Basin. High
energy quartzose sandstones are associated also with low energy complexes as
exemplified by the Boxvale Sandstone Member within the Evergreen Formation.
This facies and other strongly stratigraphically controlled sand distributions provide
the other main reservoir within the Surat Basin (Gray, 1989). Non-marine
deposition (Precipice Sandstone to Injune Creek Group) culminated in Cretaceous
mudstones and siltstones deposited in response to the worldwide Aptian marine
transgression. By mid-Albian times, sedimentation was again non-matine. The
Lower Cretaceous section in the central Surat Basin is over 1000m thick.

Structures within the Surat Basin were generally formed by compaction and
drape over basement topography and by rejuvenation of structural trends within the
underlying Bowen Basin and basement although they have much less vertical relief.
The Late Cretaceous saw the basin tilted to the south and the withdrawal of the
sea. Through to the Early Tertiary, periods of erosion saw loss of Surat Basin
section north of 25°S (Fig. 2), peneplanation, deep weathering and probable
meteoric water invasion. Mid Tertiary tilting to the southwest was accompanied by

© Australian Geological Survey Organisation 1994 6



widespread volcanic extrusion to the north and east of the Surat Basin. Erosion
and meteoric water invasion of the Surat basin succession has occurred from Late
Tertiary to Recent times, particularly in the northeastern part of the basin, and
Cainozoic sediments are limited to an irregular veneer less than 200m thick (Elliott,
1989).

Petroleum Reserves and Reservoirs

Since the discovery of commercial oil at Moonie in 1961, the development of the
Bowen and Surat Basin’s 0il and gas reserves has been intimately tied to market
forces. This is partly due to the small to moderate volume of the overall
accumulations. Current accumulated reserves (1960-1988) consists of
approximately 17000Mm® of gas and 5000x10°’m® of total liquids (oil, condensate
and LPG). Of these approximately 70% of the gas reserves remain in place, with
the rate of successful discovery more than compensating for depletion due to
production (Gray, 1989). However, the liquid reserves are now almost depleted and
new technologies and concepts are required to maintain future liquid reserves.

Bowen Basin

The Taroom Trough has initial recoverable reserves (remaining recoverable
reserves are in brackets) of 9655 (7200)xMm® of gas, 694 (463)x10°m® of LPG, 673
(347)x10°m?® of condensate and 410 (180)x10°m® of oil (Gray, 1989). Gas
discovered on the Roma Shelf is relatively dry, becoming progressively wetter to
the south, where it contains significant condensate reserves and is commonly
associated with light oil. The Showground Sandstone is the main reservoir of the
Roma Shelf and Wunger Ridge with the latter location having the larger field size.
The remaining gas and gas/condensate fields were discovered in the Moolayember
Formation, the Rewan Formation and several levels within the Permian succession.
Oil discoveries lie along the eastern flank of the Wunger Ridge and in the southern
part of the Roma Shelf. The Showground Sandstone contains most of these small-
size discoveries whereas oil has also been found in the Moolayember Formation
and the Rewan Group. Empirical evidence suggests that reservoir charge was
controlled by the progressive updip overlap of regional seals, the Rewan Group and
Snake Creek Mudstone Member. The regional pattern, therefore, is for the
Showgrounds Sandstone to be charged updip of the Rewan Group pinchout and
for the younger reservoirs, beyond that of the Snake Creek Mudstone.

In the Denison Trough, the least explored region, recoverable gas reserves on a
CO,-free basis are projected to be 4100Mm?® (Gray, 1989). The fields are large by
comparison with those of the Taroom Trough. Gas from known fields is dry,
ranging from 85% to 99% methane on a CO,-free basis. Minor amounts of
condensate are associated with the gas and a non-commercial light leg is present
in the Merivale gasfield. Southern fields contain variable CO, content, up to 33%,
while there is negligible CO, in the northern Denison Trough gas fields (Elliott,
1989). Known petroleum reservoirs are mainly fluvial to marginal matine sandstone,
of Early to Late Permian with the Aldebaran Sandstone being the principal reservoir
in the southern part of the Trough. Other reservoirs lie in the upper Reids Dome

© Australian Geological Survey Organisation 1994 7



beds and the basal Rewan Group. Reservoir distribution is stratigraphically
controlled. Unfortunately, porosity and permeability are generally less than with
fluvial sands of the Surat Basin due to the cementation by pore water after
deposition.

Surat Basin

For the Surat Basin initial recoverable reserves were estimated at 5820 (1623)
Mm® of gas, 297 (139)x10°m® of LPG, 103 (70)x10°m?® of condensate and 3984
(124)x10°m® of oil (Gray, 1989). Over forty gas fields have been discovered on the
western Roma Shelf and Wunger Ridge. Dry gas with more than 90% methane
occurs in the northern fields. It becomes progressively wetter towards the south
with increased condensate and LPG content. Fifteen oil fields have been
discovered in the Surat Basin. By far the largest is Moonie (3631x10°m®) on the
structurally-complex eastern margin, followed by Alton (334x10°m®) in the Central
area, which, between them contain 97% of the Surat Basin oil reserves.
Reservoirs for all the fields consist of quartzose sandstone, principally from the
Precipice Sandstone and from multiple levels in the Evergreen Formation. In
general, the reservoir sands are relatively thin and erratic in width and direction.
While reservoir sands are difficult to pinpoint because of their nature, they are
numerous. Along the northeastern eroded margin of the basin, the Precipice
sandstone is massive, reaching a thickness of 100m. It becomes a thin and
restricted basal sandstone, thinning to 9m on the Roma Shelf. At Moonie, the
reservoir is relatively thick, massive and some 33m thick. The Evergreen Formation
shows similar variability where strong stratigraphic controls have influenced sand
distribution. Apart from the Moonie oil field where trapping is essentially structural,
most hydrocarbon accumulations in the Surat/Bowen Basin occur in combination
with structural/stratigraphic traps which commonly involve up-dip pinchouts or
draping of laterally restricted channel sands over the flanks of structural highs and
noses (Thomas et al., 1982). In the Surat Basin, entrapment seems to have
occurred generally in the oldest sealed reservoir above the basal unconformity. The
presence of several stratigraphic levels within a field implies imperfect stratigraphic
seals, or the presence of fault conduits feeding successive reservoirs. Indeed, this
probably accounts for minor petroleum accumulations in the younger reservoirs in
the Hutton and Springbok Sandstones.

Previous Geochemical Studies on the Origin of Petroleum

Denison Trough

In the Denison Trough, gas-prone Type lll source rocks of considerable potential
exist throughout the Permian succession with the Cattle Creek Formation and the
Reids Dome beds constituting the most favourable source facies (Jackson et al.,
1980). The significant gas reserves in the region are consistent with the
hydrocarbon potential of the rocks although a small oil leg in the Merivale field also
implies some liquid potential. The fluvial and lacustrine sediments within the
Triassic section constitute poor source rocks {(Jackson et al., 1980). Within the
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interval covered by the Cattle Creek Formation and Aldebaran Sandstone,
juxtaposition of the source and reservoir has been recognised and could present
favourable stratigraphic traps. Marginal marine sandstones at the top of the Reids
Dome Beds form the productive reservoir zone in the Merivale field. In the northern
pant of the Denison Trough, the Freitag Formation forms the reservoir for the
Rolleston gas field while the areally limited nearshore Catherine Sandstone
supports the Arcturus gasfield. For the two gasfields, favourable juxtaposition of
Permian source and reservoir may account for the gas reserves in the
stratigrahically higher Mantuan Formation (Ingelara Formation equivalent?).
Alternatively, they may be charged from the lower imperfect seals. A similar
leakage may account for the Yellowbank gasfield in the Triassic Rewan Group.

In the north, the Reids Dome beds are overmature while in the southeast
around Taroom 11, the upper section of the Reids Dome Beds has not entered the
oil window, considered to be between 0.7%<Ro0<1.3% (Jackson et al., 1980). Since
most traps are full to mapped closure it suggests that there is sufficient source rock
volume (Elliott, 1988). The trend to increasing CO, content in a southerly direction,
closely follows the direction to lower maturation levels. This has been used to
suggest that gas generation has not yet peaked in the south and that there still
remains oxygen-tich Type Ill humic kerogen giving rise to a CO,-rich gas (see
alternative origin in Results and Discussion).

Taroom Trough and Surat Basin

The Taroom Trough and the Surat Basin can be classified as a more oil-prone
region, based on known discoveries, compared to the Denison Trough. Although
the entire Permian to Triassic succession of the Taroom Trough is dominated by
Type 1l kerogen, the Blackwater Group, particularly along the eastern and southern
margins, contains significant amounts of oil-prone Type Il kerogen (Hawkins et al.,
1992). Restricted potential also exists in the Back Creek Group (Fig. 1). In a limited
study of 12 oils and 5 potential source rocks Philp and Gilbert (1986) found
biomarkers attributable to marine organic matter in the Cabawin oil suggesting a
source contribution from the marine Back Creek Group. All other oils were
dominated by land plant source materials. The Moolayember Formation also has
potential oil-prone source rocks although these have not as yet reached sufficient
maturity for significant hydrocarbon generation. From regional vitrinite reflectance
studies (Thomas et al., 1982), the Permian succession in the southernmost part of
the Taroom Trough and along the southwest margin is in the oil generative zone,
0.7%<R0<1.3%, whereas in the deeper parts to the north, it is in the gas
generative zone, or is overmature (Figs. 3a and b). The change in gas composition
from essentially dry gas on the Roma Shelf to progressively wetter in the south
(Thomas et al., 1982) has been strongly associated with this maturity gradient
following the axis of the Taroom Trough. Thomas et al. (1982) has interpreted the
Blackwater Group to be within the oil window throughout much of the Taroom
Trough (Fig. 3a), whereas the Back Creek Group is overmature for gas over much
of the northern part of the Taroom Trough (Fig. 3b). The Moolayember Formation is
mostly immature for oil generation. Although no significant hydrocarbon discoveries
have been made in the central portion of the southern Taroom Trough, gas,
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gas/condensate and the oil discoveries on the Roma Shelf and Wunger Ridge to
the west, and the eastern margin have appropriate reservoir/source relationships
for both local and regional migration. Philp and Gilbert (1986) have used ratios of
sterane diastereoisomers to suggest that migration pathways are longer for Triassic
and Surat Basin reservoired oils along the western margin, compared to the
Permian oils in that region and those in the east. Moonie oil also appeared to have
a long migration pathway. However, sensitivities of these biomarkers to
geochromatographic effects have little current acceptance amongst organic
geochemists.

Within the Surat Basin, the Walloon Coal Measures (Injune Creek Group) and
parts of the Evergreen Formation have significant source potential. The Walloon
Coal Measures are immature over the region and only in the deeper parts of the
basin would the underlying Evergreen Formation approach the initial stages of oil
generation (Thomas et al., 1982; Philp and Gilbert, 1986). Whether the Jurassic
section ever achieves oil generation in sufficient quantity to sustain expulsion from
the source is the subject of considerable debate (Hawkins et al., 1992). Initially it
was suggested that the local Jurassic Evergreen Formation was the source for the
Jurassic Precipice Sandstone oil of Moonie (Moran and Gussow, 1963) based on
Jurassic spores in the oil. At that time Traves (1965) favoured a Permian source
since oil and gas were also found in Triassic and Permian reservoirs. Others held
the popular opinion of a marine source (eg Permian Back Creek Group)
discounting any non-marine rocks. Today, opinions are still divided. It has been
suggested that the Evergreen Formation must be considered as a possible
contributor to petroleum in Jurassic reservoirs (Elliott, 1989). This concept is
attractive if petroleum is to be discovered away from the interpreted pathways from
the older sediments (Gray, 1989). Specifically, both the Benneit and Conloi fields,
reservoired at the top of the Precipice Sandstone, are thought to have been
sourced from the overlying Evergreen Formation (Elliott, 1989). Furthermore, the
source of the Moonie accumulation is thought to be a combination of Jurassic and
Permian source rocks with the latter supplying the bulk of the hydrocarbons (Elliott,
1989). On the other hand, geochemical analysis of a small dataset of Bowen and
Surat Basin oils points solely to a Permian source (Thomas et al., 1982; Philp and
Gilbert, 1986).

Scope of Present Work

The question of the source for, and timing of generation of, the petroleum liquids
in the Bowen and Surat Basins is addressed here through a comprehensive
geochemical analysis of a large set of petroleum liquids, gases and potential
source rocks. The samples cover all of the productive areas in the two basins. Bulk
hydrocarbon composition and detailed biomarker examination are used to reveal
oils and condensates related to a common source(s) and reservoir conditions. The
lateral and vertical distribution of petroleum is discussed in terms of regional
migration pathways, maturity levels and source rock distributions. Age-specific
biomarkers are used to critically examine the contribution of Jurassic source rocks
to petroleum in the region. Carbon-13 isotopic composition of sediments and
petroleum components allows for further delineation of gas-source rock and liquid-
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source rock associations and the timing of petroleum generation.
EXPERIMENTAL

Samples

Petroleum

Table 1 lists the liquid petroleum samples used in the study. Oils and
condensates with AGSO Nos. < 500 were obtained from AGSO’s National
Petroleum Collection. These were supplemented by donations from industry (AGL
Petroleum (now Santos Lid.); Bridge Petroleum Ltd., Central Queensland Natural
Gas, Command Petroleum Holdings NL, Crusader Lid.). Natural gases from current
production wells were supplied by industry (AGL Petroleum, Bridge Petroleum Lid.,
Oil Company of Australia NL).

Sediments

Cores from the Bowen and Surat Basins were collected in two phases. The first
sampling closely followed those well sections analysed during the previous
investigations in our laboratories from the Taroom Trough (Hawkins et al., 1992)
and Denison Trough (Jackson et al., 1980). These samples correspond to AGSO
Nos. 18xx, 36xx and 50xx in the Taroom Trough and 36xx and 50xx in the Denison
Trough (Table 2b). Additional outcrop material was collected during a 1992
AGSO/GSQ field excursion in the study area (AGSO Nos. 52xx) and various
Permian coals were supplied by Ray Smith of Geological Survey of Queensland
(GSQ) and have AGSO Nos. 53xx. Jurassic sediments from the neighbouring
Eromanga and Clarence-Moreton Basins were obtained from Dr. Peter Hawkins
(deceased) of the Geological Survey of Queensland (GSQ; Hawkins et al., 1991)
and AGSO’s previous study (Boreham and Powell, 1991), respectively. The second
sampling phase of core material (AGSO Nos. 6xxx; Table 2b) occurred during 1993
to coincide with a detailed AGSO/GSQ geochemical investigation involving cuttings
selected using a regional well grid. Analytical procedures for Rock Eval/TOC and
solvent extraction were as previously described (Boreham and Powell, 1987; Powell
et al., 1991)

Isolation of hydrocarbon fractions

Bitumens isolated via soxhlet extraction of the crushed sediments (Boreham and
Powell, 1987) or whole oil/condensate (100mg) were added directly to the top of a
silica column (12g in petroleum ether) and the saturated hydrocarbons, aromatic
hydrocarbon and polars were successively eluted with petroleum ether (40-60°C;
40ml), petroleum ether/dichloromethane (1:1; 50ml) and dichloromethane/methanol
(1:1, 50ml), respectively. The solvent was reduced in volume by rotary evaporator
at 30°C to 1ml, transfered to weighed vials and excess solvent removed under a
stream of nitrogen until a constant weight was maintained.

The saturated hydrocarbons were further separated into two fractions on silicalite
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(West et al, 1990). To a pasteur pipette, plugged with glass wool, was added
silicalite powder (1gm). The saturated hydrocarbon fraction (10mg) dissolved in

pentane (50 ul) was transfered to the top of the column, allowed to stand for 10
minutes, before a silicalite non-adduct fraction (SNA) containing branched and

cyclic hydrocarbons was eluted in pentane (4ml). The silicalite adducted fraction
(SA) containing straight-chained, iso- and antiiso-alkanes, was isolated, after
dissolution of the zeolite in 30% HF, by liquid-liquid extraction into hexane.

Gas chromatography

Gas chromatographic traces of the saturated hydrocarbon fraction and the whole
oil (1:100 dilution; wt:vol of hexane) were developed on a HP 5890 Series I gas
chromatograph equipped with a HP programmable on-column injector, HP 7673
autosampler and fitted with a 25 m methylsilicone fused silica narrow-bore capillary
column (HP Ultra-1). After injection the oven was programmed from 30°C to 310°C
at 4°C/min and held for a further 20 min while the injector was programmed at
150°C/min to 310°C. Hydrogen was used as the carrier gas and maintained under
static pressure control (15 psi). The gas chromatograph, autosampler and data
reduction were controlled by DAPA Scientific chromatography software.

Gas chromatography-mass spectrometry

Gas chromatography-mass spectrometry (GC-MS) analysis was carried out using
a VG 70E instrument fitted with a HP 5790 GC and controlied by a VG 11-250 data
system. The GC was equipped with either an Ulira-1 fused silica capillary column

{(50mx0.2mm 1.D., 0.33um film thickness) for saturated hydrocarbons or a DB-5
fused silica column (30mx0.25mm [.D., 0.2um film thickness and a retention gap of
uncoated fused silica (1.0mx0.33mm). The samples (in hexane) were injected on-

column (SGE OCI-3 injector) at 50°C and the oven programmed to 150°C at
10°C/min then to 300°C at 3°C/min with a hold period of 30min for the saturated
hydrocarbons or at 60°C and oven programmed to 300°C at 4°C/min. for the
aromatic hydrocarbons. The carrier gas was hydrogen at a linear flow of 30cm/sec.
The mass spectrometer was operated with a source temperature of 240°C,
ionisation energy of 70eV and interface line and re-entrant at 310°C. In the full
scan mode the mass spectrometer was scanned from m/z 650 to m/z 50 at 1.8
sec/decade and an interscan delay of 0.2 sec. The aromatic hydrocarbons were
analysed in the SIR mode and the ions were selected according to Alexander et al.
(1987, 1988). In the multiple reaction monitoring (MRM) mode for analysis of the
saturated hydrocarbons, the magnet current and ESA voltage were switched to
sequentially sample for 26 selected parent-daughter pairs including one pair (m/z
404 -> 221) for the deuterated sterane internal standard (Chiron Laboratories,
Norway). The sampling time was 40ms per reaction with 10ms delay giving a total
cycle time of 1.3s. Under these GC-MS (MRM) conditions, increased selectivity and
sensitivity of the biomarker traces is obtained and it allows deconvolution of
coeluting peaks which could otherwise lead to ambiguities under standard GC-MS
(SIR) conditions.
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Gas Chromatography-Isotope-Ratio-Mass Spectrometry

The carbon isotopic compositions of individual gas components were determined
using isotope-ratio-monitoring gas chromatography-mass spectrometry. The
instrument consists of a Varian 3400 gas chromatograph connected to a Finnigan
MAT 252 isotope-ratio mass spectrometer via a micro-volume combustion system.
The GC was equipped with a PoraPlot Q fused silica column (10mx0.53mm 1.D.).
The gas was injected (50ul) using a gas-tight syringe into a heated split injector
(split ratio 1:50). The column temperature was maintained at 30°C for 2 min then
temperature programmed to 200°C at 10°C/min and held at the final temperature
for 20 minutes. The individual gaseous hydrocarbons were quantitatively converted
to CO, and H,O in the combustion reactor (CuO, 850°C), and following removal of
water, the isotopic composition of CO, was measured. 8'°C values were
determined using the manufacturer’'s software which corrected for background
contributions, partial separation of isotopic species on the chromatographic column,
and contributions of "7O.

Stable Carbon Isotopes

For the stable carbon isotope analysis on kerogens, whole liquids, distillation cuts
and saturated and aromatic hydrocarbon sub-fractions, typically 2mg was sealed in
a quartz tube and oxidised over CuO at 950°C. The liberated CO, was analysed
using a VG Sira-12 isotope-ratio mass spectrometer. All §'°C values are calculated
relative to the Pee Dee Belemnite standard (PDB).

RESULTS AND DISCUSSION

The correlation process linking oil to oil, oil to gas, gas to gas, oil to source, and
gas to source requires information that can distinguish source differences as well
as allowing for secondary processes such as maturation and alteration. The
parameters used in this study involve bulk or major compositional components, gas
chromatographic "fingerprints”, biomarkers, and carbon stable isotope ratios of
compound classes or in the case of gases, individual hydrocarbons. These
parameters are used to define genetic relationships allowing similar groups or
families to be defined. In order to process such a large data set and to gain an
overview on a regional scale, the oils, condensates and gases have been sorted
into subsets based on stratigraphic position of the reservoir and region of
occurrence. Further subdivisions, where appropriate, are based on their
geochemical signatures within the bulk parameters. Biomarker analysis and carbon
isotopic composition of the saturated and aromatic hydrocarbons have been used
to enhance petroleum to source rock correlations based on the bulk parameters by
providing more detailed information on the source type and age, depositional
environment and thermal maturation.
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Gross Petroleum Composition

Liquid Hydrocarbons

The proportions of the hydrocarbon compound classes within the oils (Table 2a
and Fig. 4) reveal a wide classification ranging from paraffinic, through paraffinic-
naphthenic to naphthenic crudes. The variation is independent of stratigraphic
horizon and basin position (Fig. 4 and Tables 1 and 2a). However, use of these
compositional characteristics does not represent a particularly informative criteria
for sub-division as the differences are not directly related to variations in source
organic matter but reflect alteration within the reservoir of an initial paraffinic
petroleum (see below under the sub-heading 'In-reservoir Alteration’). This is best
illustrated in the capillary gas chromatograph-FID traces (Fig. 5) which groups the
petroleum according to the relative abundances of n-alkanes and isoprenoids,
pristane and phytane. The 'unaltered’ group of oils (Group O0) show a regular
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O Group O1b+c+2
A Group O3+4+5
+ GroupC4
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Figure 4. Triangular plot of the relative percentages of
n-alkanes (SA), branched and cyclic hydrocarbons (SNA) and aromatic
hydrocarbons (symbols are based on the biodegradation grouping).
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decrease in relative concentration of individual n-alkanes with increasing molecular
weight. The rate of decrease becomes more pronounced on progression to a
’heavy’ condensate (Group OCO) and ’light’ condensate (Group CO). In the latter
case, the bulk of the volatile organic material has carbon numbers < C,,. The
‘altered’ group of oils is characterised by a progressive loss of light n-alkanes
(Groups O1a-c), centred around C,,-C,,, followed by loss of the higher molecular
weight n-alkanes (Groups 02-O4) and finally the loss of the isoprenoid
hydrocarbons, pristane and phytane (Group O5). Similarly, the condensates
(Groups OCO and CO0) also show loss of straight-chained hydrocarbons (Groups
OC1 and C4). The sample from Rockwood 1 (#97) is considered to be an altered
heavy condensate (Group OC1) where the loss of the light hydrocarbons has lead
to the selective enhancement of the >C,; n-alkanes. Furthermore, the Rolleston
condensate (Group C4) shows a lack of n-alkanes. These characteristics based on
similar gas chromatographic composition have been used as an alternate criteria
for grouping the liquid petroleum (Table 2a, column 4).
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