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Executive Summary
The Yathong–Ivanhoe Trough Petroleum Data Package 2020 is a product of the New Frontiers
Minerals and Energy Exploration Initiative of the Geological Survey of New South Wales
(GSNSW), Division of Resources and Geoscience, Department of Planning, Industry and
Environment. This package provides information and pre-competitive data for government,
petroleum explorers and research groups, on the petroleum prospectivity of this relatively
underexplored trough.
This package builds on the previously released Darling Basin Petroleum Data Package 2017
(Department of Planning and Environment 2017). It provides a more focused collation,
interpretation and discussion of the geological data on the Yathong–Ivanhoe Trough. The data in
this package includes well, seismic, outcrop, age dating, hydrocarbon indicator data and reports
that relate to the Yathong–Ivanhoe Trough. It also includes data from locations outside of the
Yathong–Ivanhoe Trough, providing information on the regional geology to complement the
relatively limited geological data available within the trough.
The Yathong and Ivanhoe troughs were historically considered separate troughs or sub-basins of
the Darling Basin. However, new geological data and revised interpretations of seismic data show
that they are a single sub-basin. Subsequently, a new sub-basin boundary, which combines the
Yathong and Ivanhoe troughs into the Yathong–Ivanhoe Trough and covers an area of
approximately 13 750 km2, is proposed.
The first petroleum exploration licence over the Yathong-Ivanhoe Trough was granted in the 1950s
to Frome Broken Hill Co. Pty Ltd. Since then, the sub-basin has been wholly or partially covered by
18 petroleum exploration titles. There were short breaks in exploration activities in this area, in the
late 1970s and early 1990s. The last title was relinquished in 2010. Petroleum exploration data are
limited, with only three petroleum exploration wells (Conoble-1, Holey Box-1 and Ivanhoe-1) drilled
in the trough and 13 seismic lines totalling 545 km.
The stratigraphy of the Darling Basin, and its sub-basins, is poorly defined due to a lack of outcrop,
exploration and stratigraphic wells. Three main stratigraphic intervals are recognised in the
Yathong–Ivanhoe Trough, namely the Devonian Winduck, Wana Karnu (formerly Snake Cave) and
Ravendale intervals. These intervals are primarily based on regional unconformities and significant
reflectors visible in seismic data, and constraints from outcrop and drilling data. The estimated
maximum sediment thickness is 6 km, comprising possible Late Silurian to Cenozoic sediments.
A 3D structural model was built for the eastern Yathong–Ivanhoe Trough, as this is the only part of
the trough with sufficient high-resolution deep seismic data. The model integrated interpreted
seismic, outcrop and drilling data, and other available geoscientific data. The model was built in the
time and depth domains.
The five key horizons modelled are:
•

Basement

•

Base of the Winduck interval

•

Base of the Wana Karnu interval

•

Base of the Ravendale interval

•

Top of the Ravendale interval (Cenozoic unconformity)

The Yathong–Ivanhoe Trough contains the key elements of a petroleum system. The main source
rocks are the units of the Winduck interval, associated with marine inundation during the Early
Devonian (Lochkovian–Pragian). In addition, a Cambro-Ordovician marine sequence appears to be
present at the base of the Devonian sediments. Devonian-aged sandstone units crop out on the
eastern flank of the Yathong–Ivanhoe Trough. These sandstones are similar to elsewhere in the
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Darling Basin where it has been demonstrated that they have good quality reservoir properties.
Potential traps include anticlinal and carbonate-build-up-like structures, developed along the
gravity high, in the centre of the trough. Geohistory modelling undertaken by Carr et al. (2012)
suggests that the Winduck interval in the northern depocentre of the Yathong–Ivanhoe Trough is
currently in the dry gas window.
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Introduction
The Yathong–Ivanhoe Trough Petroleum Data Package 2020 is a product of the New Frontiers
Minerals and Energy Exploration Initiative of the Geological Survey of New South Wales
(GSNSW), Division of Resources and Geoscience, Department of Planning, Industry and
Environment. This package provides information and pre-competitive data for other government
departments, petroleum explorers and research groups to assess the petroleum potential of this
relatively underexplored trough.
Historically, the Yathong and Ivanhoe troughs were considered separate troughs or sub-basins of
the Darling Basin. However, new geological data and revised interpretations of seismic data show
that they are a single sub-basin. Subsequently, a new sub-basin boundary is proposed which
combines the Yathong and Ivanhoe troughs into the Yathong–Ivanhoe Trough, that covers an area
of approximately 13 750 km2.
The Yathong–Ivanhoe Trough Data Package 2020 builds on the previously released Darling Basin
Petroleum Data Package 2017 (Department of Planning and Environment 2017), which is an
overview of the entire Darling Basin. This package provides a more focused collation and
discussion of the available data on the trough.
The data in this package includes well, seismic, outcrop, geochronological, hydrocarbon indicators
and reports. However, data is limited compared to other Darling Basin sub-basins. Three
petroleum exploration wells (Conoble-1, Holey Box-1 and Ivanhoe-1) were drilled in the western
Yathong–Ivanhoe Trough and none in the eastern Yathong–Ivanhoe Trough. Seismic data is
limited to 13 lines totalling 545 km, from five surveys, mostly in the former Yathong Trough.
The package also includes data from locations outside of the Yathong–Ivanhoe Trough that
provides further information on the regional geology, complementing the relatively limited
geological data available within the trough.
The Darling Basin covers an area of 100 000 km2 and is the largest onshore basin in New South
Wales (NSW). The basin is in western NSW. It is a structurally complex Late Silurian to Early
Carboniferous intracratonic basin. The Darling Basin comprises 11 sub-basins or troughs (Figure
1). The Moomba to Sydney pipeline crosses the northern part of Yathong–Ivanhoe Trough.
The boundaries of the former Yathong and Ivanhoe troughs shown in the Darling Basin Petroleum
Data Package (2017) were based on SEEBASE™ (Pearson 2003 and later refined by Hus et al.
2006), a depth to basement model showing the base of sedimentary basins. The boundaries of the
former troughs have been revised in this data package using the following additional data:
•

satellite imagery

•

NSW Seamless Geology dataset v.1 (Colquhoun et al. 2018)

•

field observations from geological mapping

•

magnetic and radiometric imagery

•

non-confidential drillhole data

The revised boundaries (Figure 2) are defined, where possible, by the earliest Devonian
sedimentation, represented by the base of the Winduck Group and structural boundaries between
the Winduck Group and pre-Devonian geology. In areas where the Early Devonian units were
absent, the Mid Devonian Mulga Downs Group was used to redefine boundaries. The revised
boundary results in a more limited southern boundary of the Yathong–Ivanhoe Trough and a more
extensive southwestern boundary.
The Yathong–Ivanhoe Trough is approximately 167 km from north to south, and 209 km east to
west, at its greatest length. The area of the trough is approximately 13 750 km2.
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A

B
`
Figure 1: (A) Location of the Darling Basin, Yathong–Ivanhoe Trough and the Moomba–Sydney gas
pipeline. Red square delineates extents of B. (B) Troughs (sub-basins) of the Darling Basin.
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Redefining the boundaries of the Yathong and Ivanhoe
troughs
Limited seismic and drilling data across the Darling Basin, particularly near the margins of the subbasins, required a reliance on gravity and aeromagnetic data to interpret the boundaries of the subbasins. The Darling Basin sub-basin boundaries were defined using SEEBASE™ data (Pearson
2003; Hus et al. 2006). The SEEBASE™ image of the Yathong and Ivanhoe troughs (Figure 2)
shows that they are contiguous, however Hus et al. (2006) interpreted two troughs based on their
different orientations and slightly different structural histories.
The interpretation and modelling of the 2013 seismic survey data show that there is continuity of
strata across the Yathong and Ivanhoe troughs boundary of Hus et al. (2006) (Figure 3). Therefore,
there is no justification to have a trough boundary in this location. A single trough is consistent with
the current data and the revised trough is named the Yathong–Ivanhoe Trough.
The trough boundary has been redefined based on the extent of outcropping Devonian
sedimentary rocks and the interpreted pre-Devonian basement rocks (Colquhoun et al. 2018)
(Figure 2). Additionally, the SEEBASE™ and aeromagnetic data were also used to define the
boundary in area of no outcrop.
The SEEBASE™ data (Figure 2) suggests that the trough extends further south beyond the
outcropping Mulga Downs Group, near seismic line 13GA-YT2. Seismic line 08GA-RS1 shows a
relatively thin veneer of Cenozoic sediments and no evidence of the development of a Devonian
basin (Figure 4). Colquhoun et al. (2018) interpret the pre-Devonian basement rocks in the area
south of 13GA-YT2 as the Cambro-Ordovician Saint Arnaud Group.
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Figure 2: The Yathong and Ivanhoe trough boundaries (2017 versions) and the revised boundary for
the Yathong–Ivanhoe Trough (this report). The extent of outcropping Devonian sedimentary rocks is
shown overlain on the SEEBASE™ data.
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Figure 3: Seismic line 13GA-YT2. The base of the Devonian sediments is interpreted as basement,
represented by the red line, and the purple fill is the extent of the Devonian sediments. The position
of the original Ivanhoe Trough/Yathong Trough boundary by Hus et al. (2006) is shown above the
seismic section. It is located above a fault zone, however the continuity of the strata across that
boundary is clear.
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Figure 4: (A) A 3D view of the seismic horizons showing the basin structure of the Yathong–Ivanhoe
Trough and the extent of the Devonian sediments in purple. The southern-most seismic line, 08GARS1, shows no evidence of basin development. (B) Map showing the locations of the seismic lines in
A and boundary of the Yathong–Ivanhoe Trough.
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Geological setting
The Darling Basin is a Late Silurian to Middle Carboniferous intracratonic sedimentary basin,
located in western New South Wales and eastern South Australia. It formed in a back-arc setting
during rollback of the Palaeo-Pacific plate as it subducted under the eastern margin of Gondwana
(Khalifa et al. 2017). The Darling Basin is bound by the Delamerian Orogen to the west, the
Thomson Orogen to the north, and the Lachlan Orogen to the east and south (Figure 5).
The basin was modified throughout the Late Silurian and Early Devonian by strike-slip faulting
caused by lateral subduction and orocline formation (Cayley 2012; Moresi et al. 2014), and
compressional events caused by the advance of the East Gondwana plate towards Panthalassa
(Pearson 2003; Fergusson 2010). There has been little deformation in the Darling Basin since the
Middle Carboniferous (Neef 2012).
The Darling Basin comprises multiple grabens and half-grabens, in which sub-basins or troughs
have formed. Basin boundaries are defined by fault zones trending northwest–southeast,
northeast–southwest, east–west, and north–south (Pearson 2003; Hus et al. 2006). Faults are
recognised from lineaments on gravity and magnetic data, in seismic surveys and geological
mapping.
The Yathong–Ivanhoe Trough is a fault-bound infra-basin of the Darling Basin, formed by rifting
during Early Devonian Lachlan crustal extension (Blevin et al. 2007) and modified by inversion
during compressional events (Pearson 2003). The region is generally flat-lying with greater
topography along the well-exposed eastern boundary, defined by the Blue Mountains Fault, a splay
of the Thule Fault (Figure 6), which is a major crustal boundary in the Lachlan Orogen. The other
boundaries are partially covered by Quaternary and Cretaceous units. Part of the western
boundary is defined by a north-south striking, subvertical fault interpreted from seismic data.
Where it outcrops, the northern boundary is a folded unconformity above the Lower Devonian
Amphitheatre Group. The southern boundary is completely obscured by cover and interpreted to
be a folded unconformity above the Cambrian-Ordovician Saint Arnaud Group.
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Figure 5: The location of the Yathong–Ivanhoe Trough relative to the tectonic provinces of NSW. The
background image is the first vertical derivative of total magnetic intensity (1VD TMI).
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Figure 6: Yathong–Ivanhoe Trough – eastern faults and topography of the region.

Stratigraphy and depositional environments
The stratigraphy of the Darling Basin is poorly defined, due to a lack of outcrop. An informal
stratigraphy, based on seismic sequences, provides a framework to undertake petroleum
prospectivity studies (Bembrick 1997). Three intervals are recognised, namely the Winduck, Wana
Karnu (formerly Snake Cave) and Ravendale (Figure 7).
These three intervals are recognised in many of the Darling Basin sub-basins, providing a basis for
correlations between sub-basins. In the Yathong–Ivanhoe Trough, the Winduck interval
corresponds to the Winduck Group, where it outcrops near the northern and southern boundaries
of the trough. There are no outcrops of the Winduck Group in the south western portion of the
Yathong–Ivanhoe Trough, but it is interpreted to occur in the central part of the trough.
The Wana Karnu and Ravendale intervals correspond to the Mulga Downs Group, which outcrops
along the eastern margin and sporadically in the western part of the Yathong–Ivanhoe Trough
(Figure 2). The outcrop on the eastern margin of the Yathong–Ivanhoe Trough has been mapped
and described in the explanatory notes for Wrightville 1:100 000 map sheet (Glen 1986). These
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maps sheets have now been integrated into the NSW Seamless Geology dataset (Colquhoun et al.
2018). There are limited outcrops near the western margin of the Yathong–Ivanhoe Trough and in
the western half of the trough. Where these outcrops exist, they are generally identified as
undifferentiated Mulga Downs Group.
The basement of the Yathong–Ivanhoe Trough is inferred to be mainly the Mid Cambrian to
Ordovician Saint Arnaud Group of the Lachlan Orogen. The Saint Arnaud Group is part of the
Stawell Zone, recognised in Victoria, and consists of isoclinally folded quartz-rich sandstone and
mudstone turbidites (Carlton 2011). The Stawell Zone is interpreted to extend northwards from
Victoria, where it outcrops, underneath the Murray and Darling basins (Carlton 2011).

Figure 7: The stratigraphy of the Yathong–Ivanhoe Trough. The interpreted seismic horizons and
their relative stratigraphic positions are shown. Modified from Evans (1977), Glen (1986), MacRae
(1986), Bembrick (1997), Ritchie (2004), and Kobussen and Dick (2011).
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Winduck interval
The Early Devonian Winduck interval outcrops around the southern and eastern boundaries of the
Yathong–Ivanhoe Trough, however it does not outcrop in the west of the trough (Cameron 1996). It
is interpreted to form the basal part of the Devonian sequence within the trough. The shallow water
shelf sediments of the Winduck Group consist of cross-bedded, occasionally with hummocky
cross-stratification, parallel-laminated and commonly ripple cross-laminated, well sorted, fine- to
medium-grained quartzose sandstone, with lesser interbedded siltstone, mudstone and limestone.
The Buckambool Sandstone (Glen 1986; MacRae 1989) is well exposed in the northeast corner
of the former Yathong Trough, around the Buckambool Syncline (Figure 8). It is approximately
1000 m thick and comprises fine- to medium-grained quartz-rich sandstones with interbedded
mudstone that are locally fossiliferous. The base and upper surface of this unit are not exposed.
The lower surface of the formation is considered to conformably overlie Silurian Amphitheatre
Group sedimentary units.
The beds often have sharply defined tops and bases and include traction current features such as
planar and trough cross-beds that lack grading. This unit is highly fossiliferous, characterised by
the brachiopod Howella jaqueti but includes other brachiopods, bryozoan, crinoid stems,
gastropods, lamellibranchs, and rare fish plates and spines. Minor bioturbation is recognised near
the tops of sandstone units. The interpreted depositional environment is a shallow marine
environment dominated by storm processes (Glen 1986).
The Sawmill Tank Siltstone (Figure 9) rarely occurs in outcrop and is usually in valleys between
outcrops of the Buckambool Sandstone and Gundaroo Sandstone (Glen 1986). The unit thickness
is estimated to vary between 400 m and 700 m. The deposition of the mudstones, interbedded with
thinly bedded siltstones and very fine-grained sandstones, indicates a lower energy environment
than the underlying Buckambool Sandstone, and may represent a marine transgression and
deeper water environment.
The Gundaroo Sandstone (Figure 10) outcrops at the base of the ridge-forming Meadows Tank
Formation, on the eastern and western limbs of the Buckambool Syncline and on the northeast
portion of the Yathong–Ivanhoe Trough margin (Colquhoun et al. 2018). It also outcrops on the
southeast margin of the Yathong–Ivanhoe Trough. It is comprised primarily of fine-grained
sandstones, with some medium-grained beds near the top of the unit (Glen 1986).
This unit is distinguished by the presence of the trace fossil skolithos, a series of burrows which
form features known as ‘piperock’. Other bivalve fossils may be present (Glen 1986). Bimodal
palaeocurrent directions, depositional features and palaeontology suggest a marginal marine
shoreface environment (Glen 1986). The boundary between the overlying Meadows Tank
Formation of the Mulga Downs Group varies from paraconformity to disconformity, to low-angle
unconformity.
The Booth Limestone is conformable and occurs at the base of, and intercalates with, the
Gundaroo Sandstone. Where it outcrops, it is a massive to bedded dolomitic limestone that
contains Pragian (middle Early Devonian) conodonts (MacRae 1989). It is interpreted to have been
deposited in a shallow marine environment.
The Marooba Formation outcrops near the southeast margin of the Yathong–Ivanhoe Trough
(Scheibner 1987). It consists of fine- to medium-grained quartz sandstone, with interbedded
siltstone and mudstone. The sandstone units have planar and trough cross-bedding, and slumping
and desiccation structures are common. It is generally cliff-forming, where it outcrops as a massive
quartzite. Deposition is interpreted to have been in an alluvial plain setting, varying from braided to
meandering streams. Palaeocurrent data is consistent with flow to the north-northeast. The
boundary with the overlying Mulga Downs Group varies from conformable to disconformable and
locally unconformable, due uplift and erosion prior to the deposition of the Mulga Downs Group
(Scheibner 1987).
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Figure 8: Location of the Buckambool Syncline in the northeast of the Yathong–Ivanhoe Trough and
the margin area where basin rocks outcrop (Mulga Downs and Winduck groups). The location of the
outcrop photos (Figures 9 to 14) are shown.
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Figure 9: Sawmill Tank Siltstone outcropping near the Buckambool homestead, on the northeast
margin of the Yathong–Ivanhoe Trough. Photo by L. Gammidge.

Figure 10: Gundaroo Sandstone outcropping near the Buckambool homestead, on the northeast
margin of the Yathong–Ivanhoe Trough. Photo by L. Gammidge.
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Figure 11: Cross-bedding and pebble clasts in the Meadows Tank Formation. Located on the
northeast margin of the Yathong–Ivanhoe Trough. Photo by J. Jaworska.

Figure 12: Unidentified fish plate fossils? from the Merrimerriwa Formation on Wirlong Station,
eastern Yathong–Ivanhoe Trough margin. Photo by L. Gammidge.
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Wana Karnu interval
Formerly known as the Snake Cave interval (Bembrick 1997), it was renamed the Wana Karnu
interval in 2010 based on mapping by GSNSW in the Koonenberry Belt (Greenfield et al. 2010).
The interval corresponds to the lower units of the Mulga Downs Group, which has an estimated
thickness of between 3750 m and 4000 m (Glen et al. 1987). It consists of laminated and crossbedded, medium-grained fluvial quartzose sandstones and quartzites; some beds with scattered
rounded vein quartz and quartzose pebbles, and mud clasts.
The Meadows Tank Formation (Figure 11) is ridge-forming in the region and its thickness varies
from 40 m to 160 m. It is very distinctive and consists of a quartz-pebble conglomerate and pebbly
sandstone. The pebbles are rounded to sub-rounded and dominantly 3 cm to 5 cm in diameter.
The conglomeratic units are cross-bedded cyclically, interbedded with cross-bedded sandstones.
The sedimentary structures, lack of fine-grained overbank deposits and palaeocurrent data
suggest deposition in a braided plain environment.
The Merrimerriwa Formation (Figure 12) is approximately 300 m to 600 m thick and is poorly
outcropping, often forming valleys between the more erosion-resistant upper and lower formations.
The top of the Merrimerriwa Formation is not exposed. At the base of the unit, medium- to coarsegrained sandstones alternate with fine-grained sandstones and mudstones. Higher up in the
formation, fining upwards cycles are found with cross-bedded then planar-bedded sandstones.
Isolated fish plates, identified as Wuttagoonaspis, are believed to be Eifelian (early Middle
Devonian) in age (Ritchie 2004). The depositional environment is interpreted to be a fluviatile
environment of alluvial plains and meandering rivers (MacRae 1989).
The Bulgoo Formation (Figure 13) is the uppermost unit in the Wana Karnu interval and up to
770 m thick. It is ridge-forming and well exposed, outcropping on the southeast and northeast
margins of the former Yathong Trough. The lower part of the unit consists of medium- to coarsegrained sandstone with large scale cross-beds, alternating with poorly outcropping fine- to
medium-grained sandstones with small-scale cross-bedding and planar cross-bedding. These finer
grained sandstones preserve ripples and claystone fragments (Glen 1987). The upper part of the
unit includes a pebbly, coarse-grained sandstone overlain by fine-grained sandstones and
siltstones, and a quartzose sandstone at the top.
The lack of siltstones and other fine-grained sandstones in the lower unit indicates deposition in a
low-sinuosity stream environment (Glen 1987). There is a change in palaeocurrent directions from
the lower to upper units of the formation and in the northern and southern areas (Glen 1986). The
change to finer grained sediments in the upper units, and more siltstone, suggests increasing
floodplain deposition.

Ravendale interval
The Ravendale interval is equated to the Devonian sediments above the seismic reflector ‘C’ of
Evans (1977). It commonly contains reservoir sand units and the interval is over 2600 m thick in
the Cobar area. The Bundycoola Formation and possibly the Yathong Formation are basal units of
the Ravendale interval.
Palaeocurrent data from the lower Ravendale interval suggest sediment was derived from the west
and deposited in a high-energy environment (Glen 1986). Moving up through the sequence, a lowenergy environment and an easterly sediment source is interpreted for the upper Ravendale
interval (Glen 1986).
The Yathong Formation is not well documented. It is approximately 600 m thick in the Yathong
area and consists of deeply weathered red and grey siltstones, shales, and fine-grained sandstone
(Brunker 1973). Glen (1986) extended the Bulgoo Formation to include the Yathong Formation.
The Bundycoola Formation conformably overlies and interfingers the Bulgoo Formation, along
the northern and eastern margins of the trough. It is extensive and can be traced, from the Yathong
area, northwards to the northwest of Mt Grenfell and southwards to 100 km south of the Wrightville
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map sheet area – a total distance of over 200 km (Glen 1987). This unit is highly variable in
thickness and, in the Yathong area, varies from 30 m to 455 m thick (Glen 1987). The formation is
a polymictic, variably coloured sublitharenite and locally conglomeratic (Glen 1987). The polymictic
pebbles and cobbles distinguish this unit from the grey to white, fine-grained sandstone of the
underlying Bulgoo Formation and the quartz-rich composition of the overlying Crowl Creek
Formation. The depositional environment is believed to range from alluvial fans to braided plains.

Figure 13: Bulgoo Formation showing ripple marks in a sandstone, near Buckambool Mountain.
Photo by L. Gammidge.

The Keginni Conglomerate Member (Figure 14) is a ridge-forming unit (Keginni Range) in the
upper part of the Bundycoola Formation (Glen 1986). It crops out on the southeast margin of the
trough and may exceed 200 m thickness here but thins northwards. It comprises a polymictic
pebble to cobble conglomerate at the base, grading into a quartz sandstone (Brunker 1973). There
are two opposing palaeocurrent directions. The dominant north-flowing currents are associated
with the coarsest conglomerates, with provenance from rising mountains in the southeast
(Scheibner 1987). This is contrasted with south-flowing palaeocurrents, believed to be a
continuation of drainage systems active during the deposition of the Bulgoo Formation.
The Crowl Creek Formation is the uppermost formation of the Ravendale interval and includes all
Mulga Downs Group rocks overlying the Bundycoola Formation. The upper boundary is
unconformable with younger, overlying sediments. It is the thickest formation in the Mulga Downs
Group, reaching 2 km in the type section, the hinge zone of the Belford Anticline, west of the
Buckambool Syncline (Glen 1986). This unit includes sublitharenites and quartz arenites with
pebbles of quartz. There are also thick sections of siltstone and fine-grained sandstone. The age of
this unit is not well defined but is assumed to be between Givetian (late Middle Devonian) and
Carboniferous, based on plant fossils (Glen 1986). The depositional environment is thought to be
meandering sandy streams across silty floodplains.
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Figure 14: Keginni Conglomerate Member showing the polymictic nature of the clasts. Photo by L.
Gammidge.

The Manfred Sandstone has been mapped near the western edge of the trough. This unit and the
overlying Milton Grove Formation have been compared with the Crowl Creek Formation, mapped
to the east of the trough (Cameron 1997), and are thought to be equivalent. The Manfred
Sandstone is a ridge-forming, medium- to coarse-grained quartzose sandstone with occasional
vein quartz pebbles. It fines upwards and has a thickness of at least 90 m (Cameron 1997). It was
probably deposited in a braided stream environment.
Associated with the Manfred Sandstone outcrop in the far west of the trough, is an outcrop of the
Milton Grove Formation. This unit appears to be very localised in its occurrence. It comprises fineto medium-grained sandstones and finer non-outcropping units. It is thought to be the result of
overbank deposits and shallow channel environments.
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Post-Devonian geology
Unconformably overlying the Devonian strata are infra-basinal Permian and Cretaceous
sediments. The Permian Urana Formation consists of semi to unconsolidated deposits of
glaciomarine dark-grey sandy mudstone with occasional pebbles, silty diamictites and fine- to
coarse-grained sandstone beds (O’Brien 1986). Early Permian marine microflora and Cretaceous
foraminifera were intersected at 209 m in the North Star Ivanhoe-1 well.
The Cretaceous Millewa Group and the correlative Monash Formation (South Australia) are found
under the Murray Basin in Victoria, South Australia and NSW. The distribution and geology are not
well known. The Millewa Group is divided into the Taparoo Sandstone and Morkalla Formation.
The Taparoo Sandstone is medium- to coarse-grained, deposited in fluviatile and lacustrine
environments with minor marine influence. It is overlain by the Morkalla Formation, a widespread
mudstone with interbedded sandstones and siltstones that were deposited, at least partly, in
marine environments (Ray 1996).
The Cenozoic sediments of the Murray Basin unconformably overly the infra-basinal units and
most of the Devonian sediments of the trough. Two formations are recognised, the Shepparton and
the Woorinen formations. The Shepparton Formation is a poorly consolidated clay to silty clay, with
lenses of coarse to fine sand and gravel (Cameron 1997). The Woorinen Formation is an aeolian
deposit, often forming linear dunes. It consists of red–brown silty clay that may be either siliceous
or calcareous (Cameron 1997).
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Evolution of the Yathong–Ivanhoe Trough
The Darling Basin and its troughs formed in a back-arc setting during the Early to Late Silurian
(Figure 15; Moresi et al. 2014). The major driver of basin development was the roll-back motion of
the westward subduction zone of the Palaeo-Pacific Ocean floor under the eastern margin of
Gondwanaland (Scheibner 1999; Khalifa et al. 2017). This resulted in the development of the
Lachlan Orogen and the Darling Basin as an associated extensional back-arc, and later a foreland,
basin (Scheibner & Basden 1998). Sedimentation was interrupted by orogenic episodes that were
accompanied by variable amounts of uplift, tilting, folding and faulting in different parts of the
Darling Basin (Khalifa et al. 2017).

Figure 15: Reconstruction of the Tasmanide accretionary event, showing indentation of continental
ribbon material and lateral subduction. Roll-back motion of the westward subduction zone of the
Palaeo-Pacific Ocean floor under the eastern margin of Gondwanaland resulted in the development
of the Lachlan Orogen, and the Darling Basin as its back-arc extension (Moresi et al. 2014).

Cambrian to Ordovician
The interpreted basement to the southern portion, and much of the western portion, of the
Yathong–Ivanhoe Trough is the Saint Arnaud Group. Deposited during the Cambrian, the Saint
Arnaud Group comprises marine turbiditic interbedded siltstone and mudstone with minor
sandstone. It does not outcrop in NSW but is characterised in Victoria (VandenBerg et al. 2000)
and was likely intersected in the Dolmoreve-1 well (Ranneft 1967), south of the Yathong–Ivanhoe
Trough (Figure 16).
The Saint Arnaud Group was folded and metamorphosed during the Delamerian Orogeny,
between 515 Ma and 500 Ma (VandenBerg et al. 2000).

Silurian
The Thule Granite is a fault-bound Silurian intrusion along the eastern boundary of the Yathong–
Ivanhoe Trough. Zircon analyses shows magmatic ages ranging from 427.2 ± 3.1 Ma (Chisholm et
al. 2013) at its northern extent, to 424.1 ± 2.9 Ma (Downes et al. 2016) in the south.
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Following the emplacement of the Thule Granite, the Yathong–Ivanhoe Trough was formed by
rifting and extension of the Cambrian metasedimentary units and Silurian Thule Granite (Moresi et
al. 2014). Rapid subsidence and deposition occurred during extension in the southeast sector of
the Darling Basin (Neef 2012) and it is inferred that, to the north and east of the Yathong–Ivanhoe
Trough, the deep marine Amphitheatre Group was deposited in the Cobar Basin at this stage
(Downes et al. 2016).

Figure 16: Simplified geology of the Yathong–Ivanhoe Trough, with the overlying post-Devonian
sediments not shown (modified from Colquhoun et al. 2018).

Early Devonian
Extensive sedimentation occurred in the Early Devonian, associated with continued rifting and
extension, during the Bowning Orogeny, along the north-south-trending faults that form part of the
western and eastern boundaries of the Yathong–Ivanhoe Trough. Deposition of the shallow marine
Winduck interval occurred during this stage (Pearson 2003). The base of the Winduck interval is
exposed in the northeast of the trough, where the nonconformity between the Winduck interval and
the Thule Granite is exposed (Figure 16). Stratigraphic information in the western portion of the
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trough is not well constrained, but it is likely that deposition also occurred in the northeast part of
the trough during the Early Devonian (Colquhoun et al. 2018).
Deposition of the Winduck interval ended with the Bindian Orogeny. This orogeny formed a
regional unconformity at the top of the Winduck interval (Figure 7), recognised as seismic reflector
‘B’ of Evans (1977). Small-scale faults that crosscut the Winduck interval and the upper portion of
the basement are interpreted to have formed during this compressional event.

Middle Devonian
Fluvial deposition developed in the trough in the Middle Devonian, depositing the Wana Karnu
interval. The Tabberabberan Orogeny marks the end of deposition of the Wana Karnu interval. The
Tabberabberan Orogeny involved southwards transport of the Central Lachlan Orogen, folding of
the Stawell Zone (which includes the entire Yathong–Ivanhoe Trough and surrounds), and
northeast-southwest directed compression between 390–380 Ma (VandenBerg 1999).
In the eastern part of the Yathong–Ivanhoe Trough, compression caused northwest-trending folds
and faults including the Wonawinta and Smiths Tank anticlines (adjacent to the Jackermaroo Fault
on the western side), the Buckambool Syncline, and the Jackermaroo Fault Zone (Figure 16). The
southwestern margin of the Yathong–Ivanhoe Trough has an elongate shape and interpreted
faults, which may be a result of deformation during the Tabberabberan Orogeny.
Across the Darling Basin, compression caused minor uplift leading to a depositional hiatus
(Pearson 2003). In other Darling Basin troughs, the hiatus is recognised as seismic reflector ‘C’ of
Evans (1977) (Figure 7), typically an angular unconformity. Where observed, the top of the Wana
Karnu interval appears to be conformable with the overlying Ravendale interval.

Late Devonian to Early Carboniferous
In the Late Devonian, fluvial sedimentation continued with the deposition of the Ravendale interval.
Basin inversion occurred during the Late Devonian–Early Carboniferous Kanimblan Orogeny.
East–west compression caused uplift along the Blue Mountains Fault, thrusting the Thule Granite
over the eastern margin of the Yathong–Ivanhoe Trough. A change in sediment source within the
Ravendale interval may reflect uplift in the east caused by movement on the Blue Mountains Fault.
The effects of the Kanimblan Orogeny are limited across the Darling Basin. Blevin et al. (2007)
attribute this to the hard, granitic basement that underlies many of the troughs. The Yathong–
Ivanhoe Trough seems to be an exception to this pattern, likely due to its easterly position along a
major crustal boundary.

Cretaceous to present
The top of the Devonian sequence is marked by an unconformity where there are overlying
younger sedimentary units.
Most parts of the Yathong–Ivanhoe Trough are also covered by Quaternary sediments. These
cover much of the Devonian geology, with limited outcrop of Devonian units along the western and
eastern margins of the trough (Figure 2).
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Part 2 – Exploration History
The first petroleum exploration licence over the Yathong–Ivanhoe Trough was granted in the 1950s
to Frome Broken Hill Co. Pty Ltd. Since then, the sub-basin has been wholly or partially covered by
18 petroleum exploration titles. (Figure 17). There were short breaks in exploration activities in the
late 1970s and early 1990s. The last petroleum title was relinquished in 2010.
The data acquired during exploration includes three petroleum exploration wells, five seismic
surveys, and 14 gravity and magnetic surveys. The years that these data were acquired are shown
in Figure 18, with further details in Part 3 of this report.

Figure 17: The extent of historic petroleum exploration title coverage over the Yathong–Ivanhoe
Trough.
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Figure 18: Summary of exploration activity in the Yathong–Ivanhoe Trough since 1956.
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Part 3 – Available Data
Outcrop
The outcrop of Devonian-aged rocks is largely limited to the eastern edges of the Yathong–
Ivanhoe Trough (Figure 19), with some isolated occurrences in central and western parts of the
trough.

Figure 19: The extent of Devonian outcrop in the Yathong–Ivanhoe Trough region (modified from
Colquhoun et al. 2018).

The NSW Seamless Geology dataset (Colquhoun et al. 2018) represents a compilation of existing
geological map sheets and new data. It is available for download from the GSNSW website.
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Drilling and downhole geophysical data
Petroleum wells
Three wells have been drilled in the Yathong–Ivanhoe Trough, all of which were drilled in the part
of the sub-basin that was formerly the Ivanhoe Trough (Table 1 and Figure 20):
•

Ivanhoe-1 drilled in 1963 by North Star (PEL 51, Brundall 1963a)

•

Conoble-1, drilled in 1963 by Texam Oil (PEL 51, Brundall 1963b)

•

Holey Box-1, drilled in 1967 by North Star (PEL 117, North Star Oil of Australia 1967).

Table 2 summarises the drilling results and reasons for drilling the three wells.

Figure 20: The locations of petroleum exploration and stratigraphic wells, mineral drill holes and
water bores in and adjacent to the Yathong–Ivanhoe Trough.

In addition to the three wells, this data package also contains data for eight wells in the
surrounding areas and three wells from elsewhere in the basin (Table 1).
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Table 1: Summary of wells drilled within and in proximity of the Yathong–Ivanhoe Trough.
Well

Year

Type

Company

Depth
(m)

Trough

Stratigraphy

Berangabah-1

1967

Stratigraphic

Texam Oil

463.6

Neckarboo

Cenozoic: 0–7.62 m Early
Devonian: 7.62–463.6 m

Blantyre-1

1965

Petroleum

MidEastern Oil

2289

Blantyre

Cenozoic: 0–250 m
Permian: 250–400 m
Late Devonian: 400 m–TD
(picked from seismic
interpretation)

Booligal-1

1970

Petroleum

Booligal-2

Planet
Exploration

811.1

Hillston

Cenozoic: 0–293 m
Silurian?–Devonian: 293 m–
TD

Conoble-1

1963

Petroleum

Texam Oil

252.23

Yathong–
Ivanhoe

Cenozoic: 0–119 m
Early Cretaceous: 119–
183 m
Late Devonian: 183 m–TD

Dolmoreve-1

1967

Petroleum

North Star

471.5

–

Cenozoic: 0–323.1 m
Devonian?: 323.1 m–TD

Holey Box-1

1967

Petroleum

Texam Oil

355.32

Yathong–
Ivanhoe

Cenozoic: 0–228 m
Late Devonian: 228–341 m
Early Palaeozoic 341 m–TD

Ivanhoe-1
(BMR)

1979

Stratigraphic

BMR

305.0

Neckarboo

Cenozoic: 0–4 m
Early Devonian 4 m–TD

Ivanhoe-1
(North Star)

1963

Petroleum

North Star

666.6

Yathong–
Ivanhoe

Cenozoic: 0–164 m
Early Cretaceous: 164–
203.6 m
Early Permian: 203.6–
488.3 m
Late Carboniferous:
488.3 m–TD

Kewell East-1

1996

Stratigraphic

DMR

1224

Neckarboo

Cenozoic: 0–87.4 m
Middle Devonian: 87.4–
377.8 m
Early Devonian: 337.8 m–TD

Mena Murtee1

2014

Stratigraphic

Trade and
Investment

2270

Pondie
Rage

Cenozoic: 0–220 m
Late Devonian: 220 m–TD
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Well

Year

Type

Company

Depth
(m)

Trough

Stratigraphy

Mossgiel-1

2000

Stratigraphic

DMR

1797.2

Hillston

Cenozoic: 0-226 m
Middle Devonian: 226–759 m
Early Devonian: 759–1740 m
Middle Silurian: 1740 m–TD

Pondie
Range-1

1966
–67

Petroleum

MidEastern Oil

3053.5

Pondie
Range

Cenozoic: 0–100 m
Late Devonian: 100–866 m
Middle Devonian: 866 m–TD
(picked from seismic
interpretation)

Poopelloe

1969

Lake-1

Petroleum

NSW Oil
and Gas

724.5

Poopelloe
Lake

Early Devonian: 0 m–TD

Table 2: Reasons for drilling of the three wells within the Yathong–Ivanhoe Trough.
Well name

Reason for drilling

Conoble-1

Drilled in PEL 51 (held by Exploration Drilling of Australia) by North Star Oil
Corporation, both wholly owned subsidiaries of the Texam Oil Corporation
of Midland, Texas. Conoble-1 was drilled as a stratigraphic test to correlate
with the nearby Ivanhoe-1, also drilled in PEL 51. During coring, drill pipe
was twisted off at 177 m, therefore core was not recovered. The well was
abandoned immediately. The well intersected clay and sandstone, with
fine-grained gypsum near the surface. Traces of pyrite were identified
below 119 m. Early Cretaceous marine fauna were encountered between
119 m and 155 m.

North Star Ivanhoe-1

Drilled in PEL 51 (held by Exploration Drilling of Australia) by North Star Oil
of Australia, both wholly owned subsidiaries of the Texam Oil Corporation
of Midland, Texas. Ivanhoe-1 is one of the stratigraphic holes planned by
Texam to investigate shallow basement areas. The purpose of Ivanhoe-1
was to ascertain whether the "Palaeozoic slates", reported at shallow depth
in water bores drilled within the permit, indicated shallow economic
basement. Early Cretaceous and Early Permian fossils have been identified
in the well. Good reservoir sands are present in the Permian. The Early
Devonian is shale rich that could have some source rock potential.
No hydrocarbon shows were encountered.

Holey Box-1

Drilled in PEL 117 (held by Texam Oil) by North Star as a first of three
stratigraphic tests by Texam Oil Corporation in PEL 117 (Holey Box-1,
Berangabah-1 and Dolmoreve-1). The well was drilled to evaluate a
geologic province named the Ivanhoe uplift (PGR1967/01), with shallow
3350 - 5790 m /sec refractors.
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Mineral exploration drillholes and water bores
There have been 310 water bores drilled within the Yathong–Ivanhoe Trough (Figure 20). The
maximum depth of these bores does not exceed 380 m. Mineral exploration drilling south of Cobar
(Figure 20) has a long history, commencing in the 1940s. Nearly 750 holes have been drilled within
the eastern and western parts of the Yathong–Ivanhoe Trough, to a maximum depth of 490 m.

Seismic surveys
The Yathong–Ivanhoe Trough is covered by three seismic surveys – Rankin Springs 2D Seismic
Survey 2008 by Geoscience Australia, Yathong Trough 2D Seismic Survey 2013 by Geoscience
Australia for NSW Trade and Investment, and Taringo Downs 2D Seismic Survey 2006 by Red Sky
Energy (Figure 21). Two other seismic surveys partly cover the Yathong–Ivanhoe Trough (Table
3). 13 lines were acquired, for a total length of approximately 545 km (Figure 21).
Table 3: Summary of the seismic survey lines in the Yathong–Ivanhoe Trough.

Seismic line
name

Seismic
interpretation
Yathong and
Ivanhoe Data
Package 2020

Survey name

Survey
year

Length
(km)

SEGY

Quality

SS057-NR-9

no

SS057 - Ivanhoe
(reflection/refraction)

1966

31.47

no

–

BMR89-C01

no

L130 - Cobar

1989

31.82

yes

poor

BMR89-C02

no

L130 - Cobar

1989

59.58

yes

poor

GS2008-0269RS06-01

yes

GS2008/0269 -Taringo
Downs

2006

10.02

yes

very
good

GS2008-0269RS06-02

yes

GS2008/0269 -Taringo
Downs

2006

21.00

yes

very
good

GS2008-0269RS06-03

yes

GS2008/0269 -Taringo
Downs

2006

10.07

yes

very
good

GS2008-0269RS06-04

yes

GS2008/0269 -Taringo
Downs

2006

21.70

yes

very
good

GS2008-0269RS06-05

yes

GS2008/0269 -Taringo
Downs

2006

9.57

yes

very
good

GS2008-0269RS06-07

yes

GS2008/0269 -Taringo
Downs

2006

10.27

yes

very
good

GS2008-0269RS06-09

yes

GS2008/0269 -Taringo
Downs

2006

11.03

yes

very
good

08GA-RS2

yes

L188 - Rankins Springs

2008

105.11

yes

very
good

13GA-YT1

yes

L202 - Yathong Trough

2013

95.56

yes

very
good

13GA-YT2

yes

L202 - Yathong Trough

2013

127.73

yes

very
good
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Figure 21: The locations of seismic survey lines in the Yathong–Ivanhoe Trough.

Gravity surveys
Gravity surveys have been acquired since exploration in the Yathong–Ivanhoe Trough commenced
in the 1950s. The introduction of GPS, in the early 1990s, greatly improved the positioning of
gravimeters. Consequently, the data acquired prior to 1991 is considered less reliable and is
generally not used.
In 1995, a regional gravity survey acquired high-quality data on a 4 x 4 km grid. The Yathong–
Ivanhoe Trough is covered by 1430 gravity stations. Figure 22 shows the isostatic Bouguer gravity
image covering Yathong–Ivanhoe Trough area.
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Figure 22: Spherical cap isostatic Bouguer gravity image of the Yathong–Ivanhoe Trough area. Blue
represents lower gravity measurements and red represents higher gravity measurements. The
gravity colour scale uses non-linear spacing of values to highlight features.

Aeromagnetic data
The Yathong–Ivanhoe Trough is covered by the statewide aeromagnetic dataset compiled by
GSNSW. This dataset has a 50 m grid spacing, and is based on data acquired using a 400 m line
spacing and a terrain clearance of 80 m.
Figure 23 shows the total magnetic intensity (TMI), reduced to pole, in the Yathong–Ivanhoe
Trough area.

NSW Department of Planning, Industry and Environment | 30

Yathong–Ivanhoe Trough Petroleum Data Package Report 2020

Figure 23: Total magnetic intensity (reduced to pole) of the Yathong–Ivanhoe Trough. Red colours
indicate higher magnetic intensity and blue represents lower magnetic intensity. The magnetic
colour scale uses non-linear spacing of values to highlight features.

Geochemistry
Total organic carbon
Geochemical data from core sampling is very limited in the Yathong–Ivanhoe Trough (Figure 24).
Limited total organic carbon (TOC) data is available for North Star Ivanhoe-1 and some TOC
sampling was undertaken in mineral holes (Table 4). All samples have been taken from Early
Devonian limestones or shales.
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Table 4: Total organic carbon (TOC) readings in the Yathong–Ivanhoe Trough area.
Well or drillhole

Depth (m)

TOC (%)

North Star Ivanhoe-1

603.2

0.02

North Star Ivanhoe-1

603.4

0.02

WOND-6

215.7

0.91

WOND (4,7 or 8) sample 24720

unknown

2.35

WOND (4,7 or 8) sample 24723

unknown

2.85

WOND (4,7 or 8) sample 24733

unknown

2.55

Soil gas survey
Two soil gas surveys have been undertaken in the area. In 2004, Petrofocus, on behalf of
GSNSW, completed a soil geochemical survey in various areas of the Darling Basin. This included
several traverses in the Berangabah and Poopelloe Lake troughs, to the west and northwest of the
Yathong–Ivanhoe Trough, mostly along seismic lines. Sample spacing was between 450 m and
550 m (Figure 24).
In 2017, Applied Geochemical Imaging (AGI), on behalf of GSNSW, conducted a detailed soil
geochemical survey within the Yathong–Ivanhoe Trough and across its western boundary, along
existing seismic lines. Twenty-nine samples were taken at approximately 1.5 km intervals (Figure
24).
Several airborne geochemical surveys have been run by exploration companies in 1981 and 2006.
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Figure 24: The locations of borewater, soil gas, microbial and airborne geochemical surveys in the
Yathong–Ivanhoe Trough.
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Part 4 – Seismic Interpretation and 3D modelling
Seismic interpretation
Since there are no petroleum exploration wells drilled in the eastern part of the Yathong–Ivanhoe
Trough, seismic data is the main source for understanding the subsurface geology. Three seismic
lines (13GA-YT1, 13GA-YT2 and 08GA-RS2) of the Yathong Trough 2013 and Rankin Springs
2008 high-resolution deep seismic surveys were used as the major control for interpretation in the
eastern Yathong–Ivanhoe Trough. This interpretation of the structural and stratigraphic framework
of the eastern Yathong–Ivanhoe Trough used 449.7 km of seismic data (Figure 26), together with
the Taringo Downs 2006 survey covering the northeast corner of the trough (Table 5). Outcrop
data, the NSW Seamless Geology dataset (Colquhoun et al. 2018), regional maps, mineral
exploration drill holes and water bores were also used as references to correlate with seismic
horizons.
At this time, the western Yathong–Ivanhoe Trough has not been modelled in 3D, due to lack of
seismic data. Future work will utilise modelling of gravity and magnetic data to produce a 3D model
for this area.

Figure 25: The locations of seismic lines in Yathong–Ivanhoe Trough.
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Table 5. Summary of seismic lines used for interpretation.
Line name

Processing method

13GA-YT1

PSTM

13GA-YT1

Survey

Line km

Domain

Yathong Trough 2013

95

time

PSDM

Yathong Trough 2013

95

depth

13GA-YT1

STK

Yathong Trough 2013

95

time

13GA-YT2

PSTM

Yathong Trough 2013

127

time

13GA-YT2

PSDM

Yathong Trough 2013

127

depth

13GA-YT2

STK

Yathong Trough 2013

127

time

08GA-RS2

MIG

Rankin Springs 2008

133.7

time

08GA-RS2

STK

Rankin Springs 2008

133.7

time

RS06-09

MIG

Taringo Downs Survey 2006

11.01

time

RS06-09

STK

Taringo Downs Survey 2006

11.01

time

RS06-07

MIG

Taringo Downs Survey 2006

10.26

time

RS06-07

STK

Taringo Downs Survey 2006

10.26

time

RS06-05

MIG

Taringo Downs Survey 2006

9.57

time

RS06-05

STK

Taringo Downs Survey 2006

9.57

time

RS06-04

MIG

Taringo Downs Survey 2006

21.63

time

RS06-04

STK

Taringo Downs Survey 2006

21.63

time

RS06-03

MIG

Taringo Downs Survey 2006

10.05

time

RS06-03

STK

Taringo Downs Survey 2006

10.05

time

RS06-02

MIG

Taringo Downs Survey 2006

20.9

time

RS06-02

STK

Taringo Downs Survey 2006

20.9

time

RS06-01

MIG

Taringo Downs Survey 2006

10

time

RS06-01

STK

Taringo Downs Survey 2006

10

time

Processing method abbreviations:
PSTM: pre-stack time migration

STK: stacked

PSDM: pre-stack depth migration

MIG: migrated
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Figure 26: Three major seismic sections, with interpreted horizons, in the Yathong–Ivanhoe Trough.
The x and y axes are metres in NSW Lambert Conformal Conic Projection. 10x vertical exaggeration.

Seismic data loading and quality control
Seismic data was interpreted using PetrelTM and IHS Kingdom® software. An IHS Kingdom®
project is included in the data package. The data were validated and checked against original
seismic survey and processing reports, and images of scanned hard copy seismic sections. The
seismic reference datum (SRD) is set at mean sea level and the coordinate system is the NSW
Lambert Conformal Conic Projection, based on the GDA94 datum.
For each seismic line, multiple vintage and processing versions were loaded. This includes
migrated or stacked sections, pre-stack time migration (PSTM) and pre-stack depth migration
(PSDM) (Table 5). PSTM or migrated data was mostly used. The seismic processing reports
indicate an increase in the acoustic impedance is recorded as a peak (positive value) and, for all
the lines, troughs (negative values) represent a decrease in acoustic impedance.
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Well data
There are no petroleum wells drilled in the eastern part of the Yathong–Ivanhoe Trough. Therefore,
petroleum wells in the adjacent areas, and relatively shallow mineral holes and water bores were
used as references. The age control of the interpreted seismic horizons was inferred mainly by
correlating with outcrop.

Interpretation
The seismic data interpretation in the eastern Yathong–Ivanhoe Trough focused on distinctive
seismic horizons and major faults. The main seismic features used to select horizons were
truncations, onlaps, downlaps and significant acoustic impedance changes. The horizons, when
extrapolated to the surface, were correlated with outcrop and the NSW Seamless Geology dataset
(Colquhoun et al. 2018) to assign a stratigraphic unit to them (Figure 7). Eleven horizons were
interpreted (Table 6 and Table 7) and the key ones are:
•

Horizon 1 (H1, Table 6) Basement surface and base of the Winduck interval

•

Horizon 3 (H3, Table 6) Base of the Wana Karnu interval

Horizon 8 (H8, Table 7
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•

Table 7) Base of the Ravendale interval

•

Horizon 11 (H11, Table 7) Top of the Ravendale interval, Cenozoic unconformity

The boundary between the Wana Karnu and Ravendale intervals is uncertain. It is tentatively put at
H8. The Devonian intervals are illustrated in Figure 27, and interpretations of the three main
seismic lines in the eastern Yathong–Ivanhoe Trough are as shown in Figure 30, Figure 31 and
Figure 32.

Figure 27: Devonian stratigraphic interpretation of reflectors on seismic line 08GA-RS2. 5x vertical
exaggeration.

Table 6: Winduck interval – interpreted seismic horizons and their descriptions.
Horizon

Stratigraphic name

Horizon 1 (H1)

Base Devonian/Top
Basement

Horizon 2 (H2)

Intra-Winduck
interval

Horizon 3 (H3)

Top Winduck interval

Description
H1 is represented by strong peaks on the seismic sections,
caused by the large impedance contrast between the
basement, or pre-Devonian successions, and the Devonian
units. It was interpreted with high confidence. H1 is offset by
major faults of different ages and small local faults.
H2 is a locally identified unconformity, showing minor
truncation below it and onlap/downlap above.
H3 is represented by an unconformity with locally developed
truncations below. The Top Winduck was picked at the top of a
package of continuous, high-amplitude, medium-frequency
reflectors. The Winduck interval on seismic line 13GA-YT2 is
correlated with surface geology (Figure 28). Intra-Winduck
unconformities or truncations can be identified within the
Winduck interval between H1 and H3 (Figure 29).
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Figure 28: Correlation of Winduck interval (H1 to H3) on seismic line 13GA-YT2 with surface geology.
Descriptions of each horizon are contained in Table 6. Approximate 10x vertical exaggeration.
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Figure 29: Winduck interval, between horizons H1 and H3, showing truncations (in red arrows) on
seismic line 13GA-YT1. Approximate 10x vertical exaggeration.
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Table 7: Wana Karnu and Ravendale intervals – interpreted seismic intervals and their descriptions.
Horizon

Stratigraphic name

Description

Horizon 4
(H4)

–

This horizon was locally picked above the Winduck interval, and is
overlain by a group of parallel, continuous, low-amplitude, mediumto high-frequency reflectors.

Horizon 5
(H5)

Intra-Bulgoo
Formation

This horizon was present on all the seismic lines, and correlates
within the Bulgoo formation at the surface.

Horizon 6
(H6)

Top Bulgoo
Formation

H6 was interpreted within a package consisting of low-amplitude,
parallel, continuous reflectors, with minor local truncations. This
horizon, at the surface, correlates with the top of the Bulgoo
Formation.

Horizon 7
(H7)

Top Yathong
Formation (Dmdy)

H7 was interpreted as a trough on seismic data. It is underlain by
low-amplitude reflectors with medium continuity and frequency, and
overlain by high-amplitude, continuous reflectors. It is interpreted as
the top of the Yathong Formation (Dmdy).

Horizon 8
(H8)

Intra-Bundycoola
Formation

This horizon is relatively discontinuous, with low-amplitude
reflectors, but can be traced over the whole study area. It was
tentatively assigned as Intra-Bundycoola Formation.

Horizon 9
(H9)

Intra-Crowl Creek
Formation

Represented by a distinct boundary, this horizon is underlain by
high-amplitude, continuous and discontinuous, locally faulted or
channelized reflectors. This horizon is overlain by low-amplitude,
high-frequency, continuous reflectors. It was interpreted as top or
intra-Crowl Creek Formation.

Horizon 10
(H10)

–

Horizon 11
(H11)

Top Ravendale, or
Base Cenozoic,
unconformity

This horizon is only identified in the northeast part of Yathong–
Ivanhoe Trough. It is truncated by H11, the Top Ravendale
unconformity.
H11 is a regional unconformity, associated with significant
truncation and strong erosive features.
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Figure 30: Interpretation of the 08GA-RS2 seismic line. Descriptions of each horizon are contained in Table 6 and Table 7. Approximate 10x vertical
exaggeration.
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Figure 31: Interpretation of the 13GA-YT1 seismic line. Descriptions of each horizon are contained in Table 6 and Table 7. Approximate 10x vertical
exaggeration.
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Figure 32: Interpretation of the 13GA-YT2 seismic line. Descriptions of each horizon are contained in Table 6 and Table 7. Approximate 10x vertical
exaggeration.
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3D model of the eastern Yathong–Ivanhoe Trough
A 3D structural model for the eastern part of the Yathong–Ivanhoe Trough was built using PetrelTM
software. The model integrates seismic interpretation, outcrop data, the NSW Seamless Geology
dataset (Colquhoun et al. 2018), regional geology maps, gravity and magnetic data, SEEBASE™
data, and drillhole data (Figure 33). It was built in the time domain and subsequently converted to
depth domain. Five horizons and six fault surfaces are included in the model (Figure 34).

Figure 33: Datasets used to build the 3D model.

Due to the sparse seismic coverage, there were some uncertainties when interpolating and
extrapolating the structural model. However, the general structural framework is reasonably
controlled, after integrating all the available data.
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Figure 34: Yathong–Ivanhoe Trough 3D model with major horizons and faults. (A) H1 (red) represents
base of Devonian, H3 (orange) represents top of Winduck interval, H7 (blue) represents top of
Yathong Formation and H9 (green) represents intra-Crowl Creek Formation. (B) The top of the
Yathong Formation surface, with interpreted faults shown in purple. Approximate 10x vertical
exaggeration.
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Key findings and recommendations for future work
•

•

•

•

The Early Devonian Winduck interval (H1 to H3) is well developed in the central-south of
the Yathong–Ivanhoe Trough, whereas the Late Devonian Ravendale interval (roughly H8
to H11) is well developed in the north of the trough (Figure 35).
The thickness variations of the Winduck, Wana Karnu and Ravendale intervals may
indicate that the depositional centre (with maximum sediment thickness) of the Yathong–
Ivanhoe Trough migrated from the southwest to the north during the Devonian (Figure 35).
The Winduck interval, which may contain source rocks, is well developed in the southeast
part of the Yathong–Ivanhoe Trough. Therefore, this area would be ideal to focus on
identifying possible source rocks.
In some places, seismic horizon interpretations conflict with the SEEBASE™ model (Hus et
al. 2006) (Figure 36). This can be seen in seismic line 13GA-YT2. The SEEBASE™ image
suggests the existence of a north–south-trending trough, however seismic line 13GA-YT2
indicates there is no trough. It is suggested that the SEEBASE™ image may require
revision.
The top Ravendale, or base Cenozoic, unconformity, in the eastern Yathong–Ivanhoe
Trough, is associated with significant erosion and channel development (Figure 30, Figure
31 and Figure 32).
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Figure 35: Thickness of the Devonian intervals in milliseconds (two-way time), showing the migration of the depositional centre (with thicker
sediment circled in red) from the southwest to the north.
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Figure 36: Comparison of the seismic interpretation with the SEEBASE™ contoured grid (Hus et al.
2006). The blue circle highlights one of the apparent discrepancies between SEEBASE™ and newer
data. The red horizon on seismic line 13GA-YT2 indicates there is no trough, while the SEEBASE™
data suggests there is.

NSW Department of Planning, Industry and Environment | 49

Yathong–Ivanhoe Trough Petroleum Data Package Report 2020

Figure 37: Structural maps of horizons H1 and H9 (two-way time, in milliseconds, from mean sea
level).
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Figure 38: Structural maps of horizons H1 and H9 (depth, in meters, from mean sea level).
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Part 5 – Petroleum Systems
The integration of outcrop, seismic and geochemical data in the Yathong–Ivanhoe Trough,
together with the well data in adjacent troughs, provides direct and indirect evidence for the
presence of the key elements of a petroleum system and their stratigraphic position (Figure 39).

Figure 39: The stratigraphic position of the key petroleum system elements for the Yathong–Ivanhoe
Trough and the position of granites in the locality.
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Source rocks
The main source rocks, within the Darling Basin, are syn-rift deposits of the Winduck interval
(Department of Planning and Environment 2017), associated with the marine inundation during the
Early Devonian (Lochkovian–Pragian). In addition, a Cambro-Ordovician marine sequence
appears to be present at the base of the Devonian.
On the eastern flank of the Yathong–Ivanhoe Trough, shallow marine units of the Winduck
Formation crop out. The sequence includes predominantly sandstone units of the Buckambool,
Sawmill Tank, Gundaroo and Marooba formations, and some carbonates of the Booth Limestone.
The carbonate samples of the Booth Limestone from drillholes WOND-4, WOND-7 and WOND-8
contain up to 2.95% total organic content (TOC) (Allan 1993). The mean vitrinite reflectance values
of Ro = 0.7–1% were within a mature ‘oil window’. Figure 40 shows the position of drillhole WOND7 in relation to seismic line 13GA-YT1.

Figure 40: Position of the WOND-7 drillhole projected on seismic line 13GA-YT1. WOND-7 is located
approximately 10 km north of the seismic line. Approximate 5x vertical exaggeration.

On the western flank of the Yathong–Ivanhoe Trough, the Winduck interval does not crop out. The
nearest intersection is 40 km west of the western boundary, in the BMR Ivanhoe-1 well (Passmore
1981). In this well, the Winduck interval consists of black shale and siltstone units, deposited in an
open marine environment (Passmore 1981). The part of the interval penetrated by the BMR
Ivanhoe-1 well contains up to 1% of TOC (Table 8).
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Table 8: Total organic carbon and reflectance source rock data within the Winduck interval in the
BMR Ivanhoe-1 well (Passmore 1981). Mean vitrinite reflectance (Ro) and total organic carbon (TOC)
are listed with respect to sample depth.
Depth (m)

Ro (%)

TOC (%)

62

1.61

0.98

169

-

1.06

170

1.2

0.81

201

1.44

0.12

215

0.43

0.15

225

1.6

0.14

240

-

0.15

250

0.85

0.08

270

1.57

0.15

283

1.63

0.29

287

-

0.23

301

1.81

0.09

Pre-Devonian marine sequence
Seismic horizon flattening on the base Devonian (Winduck interval) reveals the presence of a
faulted and folded pre-Devonian sequence (Figure 41). The gravity low corresponds to the large
pre-Devonian depocentre. The southern extension of these pre-Devonian sediments, of SiluroOrdovician age, was intersected in mineral exploration drillholes at the Tara Prospect. The
sequence at the Tara Prospect includes a turbidite sequence of medium- to thinly bedded
sandstone, shale and mudstone (Downes & Phillips 2006).
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A

B
Figure 41: (A) 3D view of 13GA-YT1 seismic line and Bouguer gravity. (B) 13GA-YT1 seismic line,
flattened on the base Devonian, illustrates the Siluro-Ordovician trough. Note the red Fault 1 for
alignment. X and Y axes are metres in NSW Lambert Conformal Conic Projection. Approximate 10x
vertical exaggeration.
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Source rocks - indirect evidence from the Yathong Soil Gas Survey 2017
In 2017, GSNSW carried out a soil gas survey over sections of three seismic lines. In total, 28
samples have been analysed by AGI (Figure 42). AGI's analytical method includes 86 target
organic compounds from C2–C20 (various hydrocarbons from ethane to phytane) (Silliman 2017).

Figure 42: Location of the 2017 soil gas survey samples.

Elevated hydrocarbon signatures were noted at various places in the geochemical survey; the
character of such signatures is consistent with thermogenic influence (oil-prone character)
(Silliman 2017). Figure 43, Figure 44, Figure 45 and Figure 46 show the results of the survey.
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Figure 43: Ethane values along the Yathong–Ivanhoe Trough seismic lines. Approximate 10x vertical
exaggeration.
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Figure 44:The sum of light compounds (C2–C5 in nanograms) along the Yathong–Ivanhoe Trough
seismic lines. Approximate 10x vertical exaggeration.
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Figure 45: The sum of heavy compounds (C6–C20 in nanograms) along the Yathong–Ivanhoe Trough
seismic lines. Approximate 10x vertical exaggeration.
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Figure 46: The sum of saturates (C2–C20 in nanograms) along the Yathong–Ivanhoe Trough seismic
lines. Approximate 10x vertical exaggeration.
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Reservoir rocks
Multiple studies show that the Devonian rocks of the Darling Basin (Blevin et al. 2007; Kobussen &
Dick 2011; Watson et al. 2015) exhibit good reservoir properties. Good reservoir units have been
identified in the nearby Pondie Range, Blantyre and Bancannia troughs.
Devonian-aged sandstone units (Gundaroo Sandstone, Meadows Tank, Bulgoo, Crowl Creek
formations) crop out on the eastern flank of the Yathong–Ivanhoe Trough (Figure 47, M–M1 crosssection). The outcropping rocks have not been analysed for porosity and permeability, however
based on the similarities elsewhere in the Darling Basin it is anticipated that good-quality reservoir
rocks are present in the Yathong–Ivanhoe Trough.
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Figure 47: 3D view combining seismic section (line 08GA-RS2, approximate vertical exaggeration 5x) and surface geology. M–M1 cross-section
modified from Scheibner (1987), vertical exaggeration not known.
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Seals
Numerous fine-grained units, capable of acting as seals, are present in outcrops of the Yathong–
Ivanhoe Trough. None of these intervals have had their hydrocarbon retention capabilities
analysed. The most likely sealing units have been selected, based on the available rock
descriptions of Devonian units seen on the eastern flank of the Yathong–Ivanhoe Trough (Figure
39).

Trap types
The available seismic data, combined with potential field data, shows that a variety of potential
anticlinal and stratigraphic traps exist. These include:
•

Anticlines
Seismic line 08GA-RS2 imaged a large anticline on the eastern side of the Yathong–
Ivanhoe Trough. The gravity image (Figure 48) may delineate the aerial extent of this
anticlinal structure. Possible source hydrocarbons could be from Siluro-Ordovician marine
strata beneath the trap, or up-dip migrated hydrocarbons sourced from the thickening strata
of the Winduck interval.

•

Carbonate build-up-like structures
Seismic line 13GA-YT1 imaged a possible carbonate-build-up-like structure developed
along the gravity high in the centre of the present day Yathong–Ivanhoe Trough. The
seismic response appears to be distorted by migrating hydrocarbons (hydrocarbon related
diagenetic zone) (Figure 49).
Interbedded sandstone-claystone sequences
Seismic line 13GA-YT1 images the sandstone–claystone sequence of the Winduck interval
in the anticlinal position in the centre of the Yathong–Ivanhoe Trough. Gravity data (vertical
gradient) outlines the possible aerial extent of this anticline. The seismic response appears
to be distorted by migrating hydrocarbons (HRDZ - hydrocarbon related diagenetic zone).
There is also some evidence of a weak flat spot – a hydrocarbon contact response where
seismic signal amplitude is flat (Figure 50).

•
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Figure 48: Bouguer gravity image and seismic line 08GA-RS2 illustrating an anticlinal structure along
the eastern edge of the Yathong–Ivanhoe Trough. Approximate 5x vertical exaggeration.
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Figure 49: 3D view of seismic line 13GA-YT1 and Bouguer gravity vertical gradient (VG) illustrating a
potential carbonate-build-up in the anticlinal position. The aerial extent of this potential trap is
outlined by gravity. Approximate 5x vertical exaggeration.

Figure 50: 3D view of 13GA-YT1 and Bouguer gravity vertical gradient illustrating a sandstone–
claystone sequence of the Winduck interval in the anticlinal position. The aerial extent of this trap is
outlined by the gravity data. Approximate 5x vertical exaggeration.
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Petroleum system modelling
Carr et al. (2012) undertook 1D basin modelling, using a pseudo-well located at common depth
point (CDP) 5600 on seismic line 08GA-RS2 (Figure 51 and Figure 52).

Figure 51: Geological model of the eastern Yathong–Ivanhoe Trough in the Darling Basin, showing
the location of the CDP 5600 pseudo-well (modified from Carr et al. 2012). Vertical exaggeration
unknown.

The stratigraphy interpreted by Carr et al. (2012) is similar to this study (Part 4 – Seismic
Interpretation and Modelling) and suggests extension during the deposition of the Winduck interval,
followed by a Middle–Late Devonian phase of thermal subsidence and possible foreland basin
deposition. The modelling suggests the Winduck interval in the northern depocentre of the
Yathong–Ivanhoe Trough is currently in the dry gas window (Figure 52).
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Figure 52: Results from petroleum system maturation modelling at CDP 5600 in the northwestern
part of the Yathong-Ivanhoe Trough showing modelled maturity overlain on the burial history plot
(from Carr et al. 2012).
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Part 6 – Summary
The analysis of existing geoscientific data within the Yathong–Ivanhoe Trough, in conjunction with
the data from adjacent troughs, provides direct and indirect evidence for the presence of key
elements of a petroleum system. The available datasets, and their interpretation, indicate that the
Yathong–Ivanhoe Trough has the potential for a petroleum discovery.
The Early Devonian rocks within the eastern part of the Darling Basin are of marine origin and
appear to have good source rock properties. Results of the soil gas survey undertaken over parts
of the Yathong–Ivanhoe Trough displayed elevated hydrocarbon signatures of thermogenic origin.
Sandstones that could act as reservoirs crop out on the eastern flank of the Yathong–Ivanhoe
Trough, however no reservoir properties have been analysed. Potential seals are also present
throughout the Devonian section.
The Yathong–Ivanhoe Trough is underexplored for hydrocarbons. To test petroleum resource
potential and determine if commercially viable hydrocarbon accumulations exist in the sub-basins,
more exploration, including drilling, is required.
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