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GEOLOGY REVIEW 

Summary:  

Ranger Resources (Ranger) has requested that KAG Enterprises Pty Ltd (KAG) develop a geological 

report on the potential hydrocarbon prospectivity of the tenement application areas of Authority To 

Prospect licenses (ATP) 1072P, 1098P and ATP 1095P.  

Ranger have identified their objective of the project is to obtain a more comprehensive 

understanding of the prospectivity of the acreage, the petroleum plays and reservoir potential and 

the geology of the identified ATP’s. The stated rationale of Ranger in proposing to undertake the 

geology review is to obtain an independent review of the hydrocarbon potential of the identified 

ATP’s to ascertain the likelihood of exploration success leading to early stage commercialisation.  

To facilitate a review of the geological nature of the tenements Ranger provided KAG under 

confidentiality agreement a technical summary of their Cosmos Project detailing an outline of the 

existing three granted ATP’s and their proposed work program.  The ATP’s currently overlie portions 

of the Adavale, Cooper, Eromanga and Surat Basins. Each of these basins is known for hydrocarbon 

and petroleum prospectivity.  

A review of the geology of the region in which the ATP’s exist indicates the broader Adavale and 

Surat Basins are known and proven hydrocarbon provinces with developed gas fields. While these 

known fields exist within the main portion of the basins there is limited data available to indicate 

that similar potential exists within the granted ATP’s currently under review. However, each ATP 

may have potential for conventional and unconventional gas plays from either shale or coal seam 

environments.  

The presence of coal seam gas fields to the east and west of the ATP1095P tenement area within the 

Surat Basin and within reasonable proximity to the ATP1072P and 1098P (along with a number of 

bore holes in these ATP’s identifying significant coal intersects) provides supporting evidence of 

hydrocarbon generation and migration from a coal source. However, while known gas fields exist 

within the main portion of the basins there is limited data available to indicate that similar potential 

exists within the granted ATP under review.  

However, evidence within the  available public domain data does suggest that Formations within the 

basins may contain possible source, trap, and seal rocks of sufficient extent, and contain suitable 

organic carbon content and reservoirs of sufficient permeability and porosity values suitable for 

hydrocarbon generation and capture potential. And, based on the available data reviewed, it is 

predicted that each ATP has at least some potential for conventional and unconventional gas plays 

from either shale and or coal seam environments.    
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Project understanding: 

Ranger Resources have identified the objective of the project is ‘to obtain a more comprehensive 

understanding of the prospectivity of the acreage, the petroleum plays and reservoir potential and a 

more comprehensive understanding of the ATP geology’ (pers. com. McKenna P. Jan 2017).  

The project is therefore to undertake a desk top study of publicly available information within the 

Queensland Geological Survey (QGS) and GeoScience Australia (GSA) database and to review the 

information provided by Ranger to identify the potential prospectivity of the ATPs for coal seam gas 

and other forms of unconventional and conventional hydrocarbons.   

Scope 

The scope of the project has been identified as:  

• Review, compile and delineate an understanding of the prospectivity of the gas acreage for 

ATP’s 1072, 1095 and 1098 including where possible a description of the petroleum generating 

potential and any reservoir potential of the ATP’s and a more comprehensive understanding of 

the geology in the tenements.  

• Interpretation of geology, geological reports and Ranger provided data, to develop and deliver a 

Report of Geology Review of ATP’s 1072, 1095 and 1098    

• Correlate the Ranger provided data and develop where possible a results driven 2D geological 

model of the ATP(s) displaying base unit stratigraphy of potential hydrocarbon bearing  horizons 

with (where possible) indicative extrapolated cross sections displaying any potential 

petroleum/gas traps.  

Background: 

The three ATP’s contain ca. 13’000 km
2
 of area.  Within the broader area containing the ATP 

tenements are a number of historical wells and 2D seismic lines on which to base initial 

interpretation of the region.  

To the east of the ATP1095P exists the present Spring Gully CSG field and the Fairview CSG field. To 

the north west of the ATP1072P and ATP1098P is the Gilmore gas field which has previously 

produced ca. 115 Bcf of gas from the mid to late 1980’s and has been in care and maintenance since 

2003.  The holding company for the Gilmore field, Australia Gas Fields Ltd (AGF), reports the 

remaining 2P natural gas reserves at Gilmore as at June 2012 were 21 PJ while Sentrey Petroleum 

Ltd (USA) have identified a further 17PJ of gas within the Adavale Basin in acreage held by AGF. The 

initial 2P gas resource for the Adavale Basin based on the Gilmore and Log Creek accumulations was 

identified in 1987 by the then Bureau of Mineral Resources (now GSA) as 198 PJ. [Miyazaki and 

Ozimic 1987].  

The Adavale Basin is also known to contain unconventional gas reserves. However at this time no 

data has been identified to quantify these potential unconventional gas reserves of the Basin. 

Additionally, there exists the potential for CSG in the Aramac and Walloon Coal Measures and 

possibly further coal gas horizons within the Cretaceous, Jurassic, Triassic, Permian and 

carboniferous formations of the Galilee and or Surat Basins overlying the organic shale formations 

within the Devonian Adavale Basin within the southern ATPs.  
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Methodology: 

Desk top study 

A desktop review of available data bases, studies and literature provided by Ranger Resources has 

been undertaken in order to identify relevant information and to investigate the characteristics of 

the defined study area. Additional information has been drawn from the Geological Survey of 

Queensland and Geoscience Australia.  

This data review has included where available a review of all appropriate well completion reports 

including relevant well log data (where available) in the public domain; a review of the existing 

seismic data where available and of sufficient quality for reliable interpretation; and available 

geoscience reports on the geology of the area including reports from previous exploration activities 

across the ATP’s and or those in near proximity to provide supporting data. Relevant stratigraphic 

wells and specific exploration drill holes for petroleum and or coal are limited within the ATP and 

within the immediate surrounding region on which to base evaluations of the tenement.  

It should be noted that petroleum wells generally at the time of exploration of the area barely 

recorded any information over the upper 500m of drilled section. So within the ATP1072 and 1098 

the information within the important depth range of possible coal horizons is often of questionable 

quality. While some supporting data may be found in logs of water bores drilled across the region, 

however, water wells have not had the benefit of a geologist on site, and most penetrated to 

relatively shallow depths. The available lithological data is variable in its quality and there are only 

rarely supporting wireline logs.  However, the data that is available does provide an insight into the 

stratigraphy of the region. 

Information utilized and interpreted for the report comprised geological, geophysical and other data 

along with various technical reports. From this information a number of assumptions based on the 

available data have been developed and conclusions on the prospectivity of the region have been 

drawn. However no systematic attempt at re-interpretation of any raw seismic data has been 

undertaken. Seismic SEGY data files are available for reprocessing however the results of the 

reprocessing were not available for interpretation or inclusion of their results in this report.  

From the desk top data study conclusions as to the prospectivity of the ATPs for coal seam gas and 

other forms of unconventional hydrocarbons as well as the potential for conventional hydrocarbons 

have been made by developing a description of the overall geology of the region.  The report 

attempts to identify not only the broad petroleum potential of the acreage but to provide an 

evaluation of the geology of the region to identify any likely potential hydrocarbon source rock 

horizons, and potential reservoir traps and seals.   

As the available information is limited in extent and variable in quality the author(s) of this report 

make no claims as to the accuracy of the conclusions and any individual entity or company should 

exercise caution when using the information contained within this report.  

Site assessments 

No site visits have been undertaken to test any developed assumptions within this report.  
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Available data 

For the purposes of this study KAG had access to open file well data for all of the conventional 

mineral, coal and petroleum wells and water bores drilled in and around the permits. Some of these 

wells are either Geological Survey of QLD (GSQ) or Bureau of Mineralogy (BMR) wells and hence 

were not drilled with the primary objective of discovering petroleum. The remaining wells used to 

extrapolate data either within the permit or in proximity to them are either stratigraphic or coal or 

mineral exploration drill holes and were located either not using or using only minimal seismic data. 

All of these wells are therefore unlikely to be ideally located to test potential horizons. 

Additionally KAG had access to historical seismic data acquired within or in close proximity to the 

ATP. The ATPs 1072P and 1098P are sparsely covered by 2D seismic survey shot by Esso Australia 

(Esso) in the early 1980s and the BMR with a further line shot to the west of ATP 1072 and 

penetrating marginally into the ATP on the eastern end of which was located the GSQ Wyandra 1 

well. Most of the available seismic images available are as tiff images and of ordinary definition. 

Unfortunately the available SEGY files could not be reprocessed in time to enable interpretation of 

the data to be included in this report.   

 

These observations imply that the permits have not been adequately explored and may yield 

hydrocarbons if a suitable seismic and drilling program is implemented. 
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Introduction 

To facilitate a review of the geological nature of the ATP Ranger provided KAG under confidentiality 

agreement with a technical summary of their Project detailing a brief outline of the existing three 

granted ATP’s. A location map of the ATP is provided in figure 1.  The figure shows that the three ATP 

currently overlie portions of the Adavale, Cooper, Eromanga and Surat Basins. Each of these basins is 

known for hydrocarbon and petroleum prospectivity. The principle geological structures of interest 

within the tenements are the Westgate Trough of the Adavale Basin and the Nebine Ridge 

essentially separating the Surat Basin east of the ridge from the Eromanga Basin on the west.  

Within the broader Adavale Basin a number of formations are known to contain hydrocarbon 

potential and these include the shales of the Log Creek Formation; and the Lissoy Sandstone both 

reporting conventional gas shows in previous drilling operations. The Log Creek and Lissoy 

Sandstone formations are overlain by the Cooladdi Dolomite and in turn by the Etonvale Formation 

which contains shale units potentially capable of providing an effective seal to the lower 

hydrocarbon prospective units.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Location of the Ranger Resources ATP overlying the Eromanga, Surat, Galilee and Cooper Basins of 

South West Queensland.  
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Similarly the Surat Basin is known to contain extensive coal seam gas deposits within the Injune 

Creek Group formations of the Walloon Coal Measures. These coal measures are currently 

extensively exploited across a number of fields. To the east of the ATP1095P exist the Spring Gully 

CSG field and the Fairview CSG field within the Surat. To the north west of the ATP1072P and 1098P 

is the Gilmore gas field within the Adavale which has previously produced ca. 115 BCf of gas from 

the mid to late 1980’s and has been in care and maintenance since 2003.  The holding company for 

the Gilmore field, Australia Gas Fields Ltd (AGF), reports the remaining 2P natural gas reserves at 

Galore as at June 2012 were 21 PJ while Sentrey Petroleum ltd (USA) have identified a further 17PJ 

of gas within the Adavale Basin in acreage held by AGF.  While the ATP have been granted Ranger 

are currently continuing to negotiate the Indigenous Land Use Agreement with the relevant native 

title parties.  

To further facilitate the exploration of the tenements Ranger have proposed a three phase program  

consisting of the phase 1 acquisition of airborne gravity and magnetic data, followed by field 

mapping to obtain surface and field samples for analysis and a 2D seismic program incorporating the 

reinterpretation of existing historical seismic and the acquisition of new seismic surveys to identify 

favourable structural trends. This seismic data will need to be correlated to a pattern of stratigraphic 

wells which will also collect samples of the respective target formations for source rock analysis 

determinations.  No budget has been set for this work as yet.  

Palaeo-climate  

Climatic conditions across the region of interest at the critical time of deposition of the formations 

through the Cretaceous to the Devonian and Silurian Ordovician underwent a number of extreme 

changes. It is generally considered that the Cambrian period was warm to hot and arid and the 

Ordovician continued as a warm climate. Similarly the Silurian and the Devonian periods had warm 

dry climates with large bodies of evaporitic warm waters within the Adavale Basin and aeolian 

environments providing much of the sediment movement.  The Carboniferous period saw the onset 

of cooling climates leading to glaciation during the early and middle Permian. The late Permian saw 

the climate warmed and this contributed to the main interval of organic deposition and subsequent 

coal formation in swamp conditions occurring across the region due to high water tables and poor 

drainage. The Triassic period was somewhat drier but coal forming conditions continued through 

this period. The Jurassic and cretaceous periods tended to be mainly temperate to hot but coal 

forming conditions persisted into the early and possibly mid-Jurassic. This suggests the most likely 

hydrocarbon producing formations will be found in the early Cretaceous, Jurassic, Triassic, and late 

Permian age rocks where they exist within the ATPs.   

Geology of the ATP1072P & 1098P (Nebine Ridge and Westgate Trough) 

The BMR GA9150 (1987) report on the Adavale Basin identified that the Basin contains two known 

dry gas accumulations. These exist in the Gilmore (Log Creek) Formations. The accumulations were 

reported to occupy fold-related traps in the middle Devonian Log Creek Formation and the Lissoy 

Sandstone. Devonian, marine, sedimentary rocks are common throughout Queensland, but known 

petroleum potential within formations of this age is currently restricted to the Adavale Basin system, 

the Belyando and the Burdekin Basins. All three basins are structural remnants of larger basins and 

contain both carbonate and siliciclastic rocks. The structural history of the Adavale Basin system is 

complex involving initial rifting, widespread down warping and subsequent thrusting and uplift. The 

discovery of the Gilmore gas field with exploited reserves of ca. 115BCF of gas confirmed the 
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existence of a petroleum system within the Adavale Basin. Oil recovered from the PPC Gilmore-2 

well has been geochemically and isotopically correlated with other Australian Devonian-sourced oils. 

The available geochemistry data indicates that the source rock was deposited under mildly 

evaporitic, restricted marine conditions. The Gilmore gas is a mixture of late stage wet gas and gas 

from deep over-mature source rocks. This under-explored basin system is considered to contain all 

the elements of a petroleum system.  Oil in the ENL Lake Galilee-1 well, from the younger overlying 

Galilee Basin, has a prominent marine Devonian geochemical signature. 

The Adavale Basin is entirely concealed beneath the Galilee and Eromanga Basins. It overlies a 

basement of early Palaeozoic metamorphic and igneous rocks of the Lachlan and Thompson fold 

belts. During the middle Devonian the basement rocks were overlain by a series of marine clastics 

deposited in a shallow westerly-transgressive sea. This early marine deposition was succeeded by 

more structured marine and evaporite deposition in a regressive sea grading up through the middle 

and late Devonian and into the early Carboniferous into continental clastics. Seismic data available 

suggests the basin may be 8500m deep. The Adavale Basin is overlain by the Carboniferous to 

Triassic Galilee Basin in the east and by the Cooper Basin in the west, the Jurassic cretaceous 

Eromanga Basin spreads over the Galilee and nearby Cooper Basin.  

The structural development of the basin has provided the potential for the development of a 

number of anticlinal traps associated within the thrust complexes and reactivation of bounding 

faults on the erosional blocks. Potential stratigraphic traps of porous rocks also exist within the 

basin. The principal region of interest within the Adavale basin is the Westgate trough; a significant 

portion of which underlies the ATP1072P.  

The tectonic structure of the AT1072P and 1098P is generally controlled by the presence of the 

Westgate Trough in the west of the granted exploration area and the Nebine Ridge rising to the east 

dominating the northern and central portion of ATP1098P tenement area. [Figure 2 provides a 

Bouguer anomaly image displaying the position of the Trough and the Ridge through the ATP.] The 

Nebine Ridge is an Early Palaeozoic structure, part of the south-eastern Thomson Fold Belt. It is a 

north-north-east trending basement high, separating the Surat and Eromanga basins (Finlayson et 

al., 1990; Cook and Draper, 2013). The Nebine Ridge is a fragment of Precambrian cratonic crust that 

has been altered significantly by tectonism (plutonic and compressional events) in the 

Carboniferous, and by later uplift in the Middle Jurassic (Exon, 1976). 

 

The historical geological reports suggest that within the Westgate Trough potential stratigraphic 

traps may exist in depositional pinch outs on the western and eastern margins as well as at 

unconformable contacts with the younger overlying strata. The presence of the Cooladdi Trough 

Fault to the west of the Westgate may extend into the trough centre (figure 4 ) and provide further 

potential location for foot wall traps. Geophysical evidence indicates the Westgate Trough is a 

southern extension of the Adavale Basin and may contain up to 16,000 ft (approx. 4,800m) of 

Devonian Adavale group sediments (Senior D 1971).  

 

It is worth noting that in the ATP1098 southern half that the anomaly profile indicates a deepening 

of the sediment section and this area may contain increased potential for the preservation of 

suitable formations bearing hydrocarbons. However this reflection is not noted in the regional cross 
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section (figure 6 p. 17 this report) but it should also be recognised that the regional cross section is 

biased to the northern boundary of the ATP1072P and ATP1098P.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Bouguer anomaly image of the ATP area. The  number 7 marks the position of the Westgate Trough, 

while 3 identifies the Nebine Ridge area. Note that ATP1095 also contains depocentre areas in the east and 

west of the ATP while ATP1098P also deepens to the South East.  
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Figure 3 illustrates a cross section of the formations within the broader Adavale Basin and the locations of a 

number of existing wells with gas shows within the Lissoy Sandstone and the Deltaic and Marine units.  

It is also important to note that other than the GSQ Wyandra 1 well there has been no identified 

drilling in the Westgate Trough to confirm the presence of the target Log Creek and Lissoy Sandstone 

formations within the ATP area.  

As identified in figure 3 the thicker deposits in the trough centres implies faster sedimentation rates 

and therefore a better chance of organic matter preservation and possible source rock development. 

It is believed that the gas within the Gilmore field was sourced from late stage oil generation and 

methane derived from a deep over mature source most likely associated with the off structure 

Devonian formations such as the Log Creek, and Bury Limestone, Cooladdi Dolomite and 

undifferentiated Devonian strata of a marine origin. These formations were deposited under mildly 

evaporitic and or restricted marine conditions and key potential is seen in the basal shales of the Log 

Creek Formation and or the algal shales of the top of the Lissoy Sandstone and the Cooladdi 

Dolomite. Boreham and de Boer (1998) have identified that there is evidence to suggest that oil and 

gas generation was occurring during the early Cretaceous as a second phase of generation and 

expulsion while the initial phase is suggested to have been nearly complete between the early and 
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late Cretaceous with dry gas generation from the Devonian source rocks to have continued to 

present time suggesting reactivation and migration possibly resulting in shallow oil and gas 

reservoirs. It would seem reasonable to assume that such conditions also exist within the portion of 

the Adavale Basin preserved within the Westgate Trough positioned within ATP1072P. Figure 5 

provides a table of possible timing of key events in the Adavale Basin.  

Figure 4: Structure of the Adavale Basin with location of wells marked. Note that the GSQ Wyandra 1 

well is located in the SW of the ATP1072P which overlies the Westgate Trough.   
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Figure 5: possible time of key geological petroleum system events in the Adavale Basin. Table from 

Adavale and Georgina Basins Opportunities 2007. Qld. Dep’t Mines and Energy. 

A report by the Australian Council of Learned Academics (2013) on the shale gas prospectivity 

potential of Australian sedimentary basins did not rank the Adavale Basin on the basis it is 

considered to be a stratigraphic tight sand play. However,  the report did identify that more work is 

needed to quantify the area potential as a shale gas play as it is recognised that at least portions of 

the basin have suitable depth, maturity, lithology and formation thickness to provide a petroleum 

kitchen source, trap and seal. The report does identify though that currently insufficient information 

is available to determine the potential reservoir suitability. Nor is there readily available published 

desorption test results from core or cuttings; nor suitable published source rock analysis data from 

within the tenement area due to the significant lack of historical exploration of the region.  

While extensive seismic coverage is available over the main portion of the Adavale Basin only 

limited, though useful, historical seismic exists over some areas of the Westgate Trough and across 

the northern portion of the ATP1098 and ATP1072.  The location of this seismic can be seen in figure 

6.  The seismic lines shown in this image have not as yet been reprocessed to enable review and 

reinterpretation within this report.  

A 2009 report by Senergy Oil & Gas on the prospectivity of EL14/2009 for Tasmania Oil & Gas 

identified within the Adavale Basin that production from the basin consists of wet and dry gas from 

Devonian source rocks. The report identifies that these source rocks underwent two periods of 

hydrocarbon generation with the first generating wet gas in the Carboniferous and the second 

generating dry gas in the Cretaceous. The source rocks were identified to have poor to fair TOC 

quality within the Eastwood Beds, Log Creek Formation and Etonvale Formation and for the Bury 

Limestone and Cooladdi Dolomite to have good to very good TOC values.  Potential reservoir units 

are found in the deltaic portions of the Log Creek formation and the Lissoy Sandstones. The report 

also identifies that an effective seal is provided by the Cooladdi Dolomite with permeability 
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variations within the reservoirs themselves also acting as internal traps. Within the major portion of 

the Basin major structures are formed from a series of northeast-northwest trending reverse faults 

providing opportunity for conventional traps as well (figure 4). 

 Figure 6: Location of historical seismic over the Adavale Basin. Note that only limited seismic exists over the 

ATPs and that seismic is generally to the north west and outside of the ATP. Figure courtesy of 

https://minesonlinemaps.business.qld.gov.au  

The ATP’s overlie portions of the Galilee, Eromanga and Surat basins each of which are components 

of the Great Artesian Basin, a large Jurassic-Cretaceous intra-cratonic basin that covers 1.7 million 

square kilometres of Eastern Australia. The Surat Basin is located to the east of the Eromanga Basin. 

The North-South oriented Nebine Ridge is a structural basement ‘high’ and defines the boundary 

between the Eromanga and the Surat Basins and is known to underlie ATP1098 as can be seen in 

figure 1.  

Substantial regional historical exploration for coal and Coal Seam Gas (CSG) through the Surat Basin 

region has identified the Injune Creek Group as containing sufficient coal material within a number 

of formations to be highly regarded as a coal seam gas source. The Injune Creek Group is comprised 

of further sub groups one of which is the widespread CSG target of the Walloon Sub Group.  

Extensive exploration has demonstrated that the Walloon Sub Group in the Surat Basin is sub-

divided into three recognisable subunits: the Taroom Coal Measures at the base, the Tangalooma 

Sandstone Member and the Juandah Coal Measures at the top.  
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The Walloon sub group coal deposits generally are lenticular and of the many thousands of coal 

exploration holes that have been drilled in the Surat Basin, the majority have failed to intersect any 

coal that might be regarded as ‘significant’ (say, greater than 1m thick) though many holes have 

intersected thin, banded coal seams. Across the Basin it is often extremely difficult to correlate 

between even closely spaced holes. This is as a consequence of the braided stream nature of 

deposition of these coals and the migration of the streams across the peneplain at the time. 

However, such organic deposits can be suitable for the production of methane gas under the right 

conditions. More recently, the drilling of coal seam gas wells has shown significantly more coal than 

this exists at depth.  

CSG is extracted from both the Juandah and Taroom coal measures with gas contents ranging from 

1.15-13.17m
3
/t (DAF). While individual coals within the Walloon Sub Group are typically less than 2m 

thick in some places there are 30 or more individual coal seams. In the eastern Surat Basin the 

Walloon Sub Group is 300 to 350m thick and contains 20 to 30m of net coal. Coal seam gas usually 

requires net coal intervals of greater than 10m to be viable. Such deposits need to have an average 

minimum depth of 200m and across the basin depth may range from about 100 to 800m. Whether 

the petroleum application may contain such a resource is quite unknown. Given the lack of drill hole 

data it is quite possible that a gas resource could exist. However due to the presence of known CSG 

fields to the east of ATP1095P and the projected line of the Juandah and Taroom coal sub crop line 

(figure 1) it is probable that coals of sufficient thickness underlie the ATP.   

The Permian coals of the Bandanna (or Rangal) Formation outcrop to the north of the permits and 

may dip to the south beneath the permit. Coals that may exist within the ATP1095 tenement are 

currently thought to belong to the Early Jurassic Evergreen Formation and this may also be a suitable 

CSG target.  

Traditionally, the overall Walloon thickness and the amount of net coal present are thought to thin 

towards the west, with the Walloon predicted to become between 150 to 200m thick, with 10 to 

15m of net coal on the Roma Shelf and thinning out to nothing across the Nebine Ridge. Within 

ATP1092 and 1078P conventional thinking would expect that the net coal will be even less on the 

Nebine Ridge and further west into the Westgate Trough within the Adavale, Galilee and Eromanga 

Basin formations. However, there are some indications that sufficient net thickness coals may be 

present on the western slopes of the Nebine ridge and further to the west of the Ridge and exist in 

such locations as the Westgate Trough and or similar anticlinal structures within the tenements 

(figure 7).  

Westward, the Walloon Sub Group is traditionally thought to gradually change into the Birkhead 

Formation. In fact, this change is represented by a distinct line on the western Nebine Ridge, which 

is the geological divide between the Surat and Eromanga Basins. While variations in the stratigraphic 

sequence occur within and between each basin, Jurassic and Cretaceous sedimentary rocks have 

equivalent facies in both basins and can be correlated.  

Exon (1976) suggested that from Late Triassic to Early Jurassic, sedimentation occurred in a cyclic 

fashion both in the Eromanga and the Surat Basins. Each cycle is associated with grading from 

deposition initially in high energy environments, and over time and upwards through the section to 

low energy depositional environment. Braided stream sedimentation was followed by sedimentation 
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in rivers and then swamps, lakes and deltas. Exon (1976) attributes this cyclical depositional 

mechanism to global sea-level changes caused by periodic climate changes.  

Within ATP1095 and ATP1098 particular formation groups of interest include the Injune Creek Group 

which is divided into a number of formations. The oldest unit of the Injune Creek Group in the Surat 

Basin is the fluviatile Eurombah Formation consisting of sandstone, minor conglomerate, siltstone 

and mudstone. Generally the Eurombah formation is traditionally believed to thin to the west and is 

not therefore usually distinguished within the Eromanga Basin. However evidence exists to suggest 

that within and underlying ATP1072P the Eurombah Formation does persist. This formation in turn is 

overlain by the Birkhead Formation then the Adori Sandstone. The Birkhead Formation consists of 

sub-labile to labile sandstone and siltstone with minor carbonaceous mudstone and coal. However, 

while significant coal deposition is evident in the Walloon Sub Group within the Surat Basin, coal 

occurrences in the Birkhead Formation are generally regarded to be less common. However 

insufficient exploration has been undertaken in these areas to confirm this. And, while within the 

Surat Basin Jones & Patrick (1981) divided the Walloon Sub Group into three units, namely the 

Taroom Coal Measures at the base, the Tangalooma Sandstone and the Juandah Coal Measures at 

the top; conventional opinion does correlate the Walloon Sub-Group with the single Birkhead 

Formation in the Eromanga Basin.  

Overlying the Eurombah Formation in the Surat Basin is the Walloon Sub Group and the upper 

formation of the Injune Creek Group in both basins is the Hooray Sandstone. This may be significant 

as this latter formation is considered to be a potential conventional reservoir in some areas. The 

Hooray Sandstone in turn is overlain by the Cadna-Owie Formation and is also considered to have 

gas potential as well as possibly forming an effective seal. Further up the stratigraphic profile 

remnants of the Allaru Mudstone may exist over the Westgate Trough providing another potential 

seal to any gas horizons.  

The Springbok Sandstone in the Surat Basin overlies the Walloon Subgroup. Traditionally, its 

equivalent is thought to be the Adori Sandstone in the Eromanga Basin. The Springbok Sandstone 

was deposited in a low energy fluvial environment and consists of cross-bedded labile sandstone, 

mudstone and thin coal lenses. Yet the Adori Sandstone, in contrast, is a high energy fluviatile 

deposit, consisting of sub-labile to labile sandstone with minor pebble bands and coarse sandstone 

lenses.  

In the absence of better data to correlate the stratigraphic horizons within the ATP areas the 

description of the predicted stratigraphy appears to match the available evidence. This can be seen 

in Figure 7 which displays the predicted cross section of the basin shape within the ATP1072P and 

1098P. The figure displays the Westgate Trough on the western margin within ATP1072P with the 

formations ramping up onto the Nebine Ridge to the eastern margin of ATP1098P. It can be seen 

that while a remnant of the Galilee basin remains above the outlier of the Adavale Basin the 

overlying sediments appear to be reasonably cohesive and consistent with truncation of the 

cretaceous sediments across the ridge before rethickening to the east.  
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Figure 7: Regional cross section through ATP1098 and ATP1072. Figure from the Geological Survey of 

Queensland, 2009. Section is based on the GSQ interpretation of the BMR seismic line 84-14 

Stratigraphy of the Westgate Trough and Nebine Ridge 

The oldest undisturbed sediments known within the permits are the middle to Upper Devonian 

clastics with minor carbonates and volcanics of the Adavale Group. These occur in the Westgate 

Trough within ATP1072P. The Bore hole GSQ Wyandra 1 encountered the Upper Devonian Buckabie 

Beds which are red-bed varicoloured shales, siltstone and sandstone and lie on the bedrock granites 

of the Thomson Orogen.  

Proven to exist within the Westgate Trough within the residual Galilee Basin are the Upper 

Carboniferous and Lower Permian glacial outwash deposits that have been classified as the Joe Joe 

Group.  This group is generally comprised of conglomerates, lithic sandstone, siltstone and 

mudstones with lesser shale and tight sandstone within which occur dropstones of metamorphics 

and granite. The Shales within this formation could contain sufficient organic material to be 

potential source rocks for petroleum.  This Group is known to contain the Aramac Coal Measures. 

The Aramac Coal Measures are underlain by the Oakleigh Siltstone Member and in turn by the Edie 

Tuff Member and are overlain by the Reids Dome Beds. These Beds are also comprised of siltstone, 

shale, labile sandstone, lithic conglomerate and coal horizons.  The nature of the Beds and the Joe 

Joe Group suggests the possibility that these rocks may form suitable source rocks as well as provide 

their own reservoir trap and seal for both conventional and unconventional hydrocarbons.  

ATP1072P ATP1098P 
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The GSQ Wyandra 1 well drilled in the south West of the Westgate Trough in a near margin position 

encountered a porous sandstone which was correlated to the Showground Sandstone of the Surat 

Basin which is recognised as a reservoir in the Surat. However, the well did not identify the overlying 

Moolayember shale to the Showground Sandstone which appears to have been removed by erosion 

and consequently the Showground sandstone encountered is exposed to the Hutton Sandstone.  

The Wyandra 1 well stratigraphy is summarised as:  

Formation Depth m 

(datum GL 265m ASL) 

Cadna-Owie 393 

Hooray Sandstone 498 

Westbourne 674 

Adori Sandstone 704 

Birkhead 725 

Hutton 795 

Triassic ? 858 

Carboniferous ? 948 

Devonian 1055 

 

The Lower Jurassic Hutton Sandstone is widespread over the Eromanga basin and laps out over the 

Nebine Ridge. It is a braided stream deposit comprised of alternating porous sandstone and tight 

sandstones with siltstones and forms distributary channels. The Hutton Sandstone is generally 

poorly sorted, coarse to medium grained, feldspathic sub labile at the base and fine-grained, well-

sorted quartzose sandstone (at top); it contains minor carbonaceous siltstone, mudstone, coal and 

rare pebble conglomerate.  Elsewhere within the region the Hutton is underlain by the Evergreen 

Formation and overlain by the Walloon Coal Measures and its equivalent Birkhead Formation. 

Studies from the GSQ Wyandra 1 well rock samples suggest that the upper Hutton has porosities up 

to 33% and confirms that in this area the Hutton is overlain by the Birkhead (Walloon Formation) of 

dark brown to dark grey, carbonaceous and sideritic, bioturbated siltstone and mudstone 

interbedded with buff, fine- to medium-grained sandstone containing thin basal pebble lags, and 

thin laterally discontinuous coal seams. The presence of this formation in the Wyandra 1 well 

confirms the presence of this formation within the Westgate Trough and west of the Nebine Ridge.  

Overlying the Birkhead unit is the Middle Jurassic Adori Sandstone. The Adori Sandstone is a fine- to 

medium-grained clayey sandstone, with minor pebbly sandstone and siltstone forming the top part 

of the Injune Creek Group.  Overlying this is the Upper Jurassic Hooray Sandstone which is more 

recently recognised as the lower portion of the Cadna-Owie Formation.  The Hooray Sandstone is 

described by the Australian Stratigraphic units database as a fluvial, pale coloured, medium- to 

coarse-grained, quartzose sandstone, commonly cross bedded and pebbly; containing minor 

siltstone, conglomerate, and coal while the Cadna-Owie Formation is a transitional, non-marine to 

marine pale grey sandstone, siltstone, calcareous sandstone and pebbly sandstone, with some 

feldspathic; intra-formational conglomerate; containing thin coaly layers, dark mudstone, and layers 

of kaolin-like material.  These mudstones and clay like kaolin may act as a retard or seal for lower 

formations while acting also as a bottom seal to the regional main aquifer of the Wyandra Sandstone 

that overlies the formation.  
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Above this is the Wallumbilla Formation which has a lower shale member (Doncaster) and an upper 

sandy, silty unit.  The Wallumbilla formation is generally comprised of marine grey mudstone and 

siltstone with minor interbeds of fine-grained glauconitic and calcareous sandstone, local thin 

micritic limestone beds and heavy mineral strandline accumulations; and down-sequence glacial ice-

rafted erratics. [A stratigraphic column has been included at figure 12 of the Eromanga Adavale 

Basins region representing the Westgate Trough and of the identified stratigraphy of the Nebine 

Ridge region at figure 13. ] 

The Precipice Sandstone that is found generally on the Nebine Ridge overlying the basal granites is 

overlain in turn by the Evergreen formation which is considered to be in part a marine formation and 

was described in United Petroleum Reserves NL (UPR) consultant’s report to be the source of oil 

encountered in the drilling of the Morven 2 well. The well is reported to have produced oil while 

drilling the interval between 705m – 707m.  Oil fluorescence was also observed in the Precipice 

Sandstone in the Alba 1 well between 878m 880m.   Fluorescence was also reported in the Upper 

Evergreen Formation in the Crichton well between 785m and 794m. Within the Evergreen occurs (on 

the eastern flank of the ridge) a soft black oolitic shale which is also found in the Mungallala 1, 

Donnybrook and Tooloombilla wells (figure 8) and is known to occur within the Surat Basin and this 

may in part be a source of hydrocarbon material. The top of the Evergreen has also been identified 

by UPR as a carbonaceous shale. This differentiates it from the overlying Hutton Sandstone which 

contains common carbonaceous sands and coal inclusions.  The Evergreen Formation within the 

Maryvale well contains coal and carbonaceous shale.  

The overlying Hutton Sandstone across the Nebine Ridge has been found to lie beneath a significant 

section of the Birkhead Formation. The top of the Hutton in the Dulbydilla well was identified at a 

depth of 404m. And, within the Scalby 1 well the top of the Hutton is placed at 717m below surface.  

The isopach contours of the basal granites of the ridge and the overlying Precipice, Evergreen and 

overlying Hutton formations with the plotted sub crop line of the Triassic and the Permian can be 

seen in the figures 9, 10, 11 and 12. 

Within the Tregole 1 well significant coal and carbonaceous bands are identified to exist between 

the interval of 632m and 706m drill depth to the base of the Hutton at 710m with minor 

carbonaceous and coal bands evident below this depth within the top of the reported Evergreen. 

While within the Crichton well Hutton formation a significant carbonaceous and coal band exists 

between 771m and 780m. [This well remained in the Hutton Fm. through the entire hole drill depth.]  

However only minor coal bands are reported in top of the Evergreen within the nearby Maryvale 

well with the Evergreen top picked at around 804m drill depth.  

In the Lowood well a significant carbonaceous coaly shale band was identified at the base of the 

Hutton between 738 and 747m sitting directly on the Evergreen formation. However sampling in this 

well was only each 10m and thus the depths of samples as recorded and contact depths may be 

slightly out.  

Within the Mungallala 1 well a number of highly carbonaceous and coaly bands were also identified 

throughout the Hutton and this well also remained within the formation through to total drill depth 

(TD) of 710m.  
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Figure 8: Location of known stratigraphic and petroleum exploration wells within the area of interest. Well 

locations from the  Geological Survey of Queensland.  
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Figure 9: Isopach map of basement across the Nebine Ridge. The map also shows the location of the wells 

drilled correlating the stratigraphy and contours. Map from Orion Oil Company. 
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Figure 10: Isopach map of Precipice  Sandstone. Image from American Overseas Petroleum 1965.  
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Figure 11. Isopach map of the Evergreen Formation overlying the Nebine Ridge. Map from the Orion 

Oil Company.  
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Figure 12. Displaying the plotted Permian and Triassic sub crop boundary with that of the known Precipice 

Sandstone across the Nebine Ridge. Figure from United Petroleum Reserves NL.  
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Figure 13: Stratigraphy of the Eromanga Adavale Basins representing the stratigraphy within the  Westgate 

Trough. Stratigraphy from Finlayson, D.M.; Leven, J.J.; Mathur, S.P. & Collins, C.D.N. 1987. Geophysical 

abstracts and seismic profiles from the Central Eromanga Basin region, Eastern Australia. Report 278.Bureau 

Mineral Resources, Geology and Geophysics. Canberra Australia.  
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Figure 14: Nebine Ridge stratigraphy as described by United Petroleum Reserves. Figure from Price P.’ & 

Filatoff J. 1988 ‘A palynofacies study of core samples from the Geological Survey of Queensland Eromanga 

Basin stratigraphic drilling’. Report No. 274/37  QDEX CR17223.  

The cross section displayed in figures 15 of the stratigraphy between the wells Maryvale, Crichton 

and Lowood within ATP1098 clearly identifies the presence of the Evergreen and Precipice 

Formations overlying the basal Devonian granites. The section in figure 15 does not display the full 

profile but rather defines the rising shape of the ridge in the ATP.  

Figure 16 extends the same cross section to include the Alba 1 well to the North of ATP1098 and 

displays a more complete stratigraphic profile clearly displaying the presence of the prospective 

formations including the potential source Birkhead/Walloon formation and the identified reservoir 

sandstones.  Figure 17 continues the cross section from west to east (Alba to Donnybrook) and 

provides the necessary data to correlate the formations from the Surat basin to the east of the 

Nebine Ridge to the west of the Ridge. This correlation confirms the formation identification and 

along with the description of the strata increases the evidence for the possibility of sufficient source 

rock , reservoir and seals to be present on the western side of the ridge and possibly extending into 

the Westgate Trough. This evidence is further supported by the previously noted reporting in the 

well logs of gas and oil shows. The section developed is also supported by the reported stratigraphy 

within the Tregole 1 well (figure 18) that lies between the Alba and Dulbydilla wells.  
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Figure 15. Cross section of the Evergreen and Precipice Formations overlying the basal Nebine Ridge within 

ATP1098. The sections runs from NW to SE. 

Figure 16: Cross section of stratigraphy between Lowood, Crichton, Maryvale and Alba wells displaying the 

stratigraphic profile present within the ATP1098 northern portion across the Nebine Ridge.  
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Figure 17: Cross section across the northern boundary of ATP1098 from the Alba 1 to the Donnybrook well 

providing the correlation of formations from the east of the Nebine Ridge Surat formations across to the west 

of the ridge.  

 

 
Figure 17a: cross section across the Nebine Ridge from Crichton 1 well on the west flank of the ridge to the 

Scalby 1 well on the east flank with section continued into the Surat basin showing stratigraphy continuous 

across the ridge. Figure after Esso.  
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Figure 18: Recorded stratigraphy identified in the Tregole 1 well. Image from the American Overseas 

Petroleum Company.  
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The information available from the Wyandra 1 and the Spring Creek wells in the south west of the 

ATP1072P has enabled the development of the cross section stratigraphy (figure 20) across  the Eulo 

Ridge to the west of the ATP1072 and over the southern portion of the Westgate Trough.  These 

wells have confirmed the presence of the potential source and reservoir formations identified. And, 

in particular have confirmed the presence of the Birkhead Formation within the Trough.  

Strong supporting data for the stratigraphic interpretation has been correlated by the use of the 

seismic line PW87-96 (figure 21). The interpretation of the seismic undertaken by Phoenix Oil & Gas 

NL provides strong evidence for the presence of key hydrocarbon source rock formations and seals 

to exist within the greater portion of the Westgate Trough.  

Figure 20: Cross section of the stratigraphy of the Westgate Trough extrapolated from the Eulo Ridge in the 

west of ATP1072 across the Westgate Trough to the Nebine Ridge. The stratigraphy is based on the wells 

Wyandra 1 and the Spring Creek Well. The section is located in the SW of the ATP1072 in proximity to the 

seismic lines PWY87-96. Image from Phoenix Oil & Gas NL.  
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From the stratigraphy identified within the Wyandra 1 well and with use of the seismic PWY87-96 

data Phoenix Oil were able to identify two potential hydrocarbon  leads within the southern portion 

of the Westgate Trough.   These structures are identified in figure 22 below.  

 

Figure 22: South West Westgate Trough seismic line PWY87-96 with two possible hydrocarbon leads identified. 

Image from Phoenix Oil.  

A 1984 report on the gravity profile over the Westgate Trough through the Charleville region north 

of ATP1072 for Poseidon Ltd correlated with the seismic line Y81A-1111 identified the presence of a 

thicker sedimentary sequence exceeding 3000m in depth. The shallow stratigraphic drilling 

conducted by the Bureau of Mineral Resources (BMR) [now Geoscience Australia (GA)] identified 

that the wells BMR Charleville No’s 3, 3A, 4, 4A and 5 stratigraphic wells were drilled in the southern 

part of the Eromanga Basin in the Charleville district. Of these wells no. 3, and 3A are located on the 

Northern margin of and in proximity to ATP1072 (Ozmic 1981). These wells were found to penetrate 

the lower part of the Allaru Mudstone formation and bottomed in the Wallumbilla formation. In 

wells drilled to the west of these (BMR Charleville No. 5) the Allaru Mudstone was found to overlie 

an oil bearing shale that was not reported in either the 3 or 3A wells.  Both these wells were very 

shallow and only reached a maximum depth of 91m. The Allaru Mudstone usually sits conformably 

on top of the Toolebuc Formation which is considered to be highly prospective further west into the 

Eromanga Basin and is known to comprise bituminous and calcareous shales.  

The BMR Charleville No. 6 bore drilled in proximity to where the BMR84-14 seismic line crosses the 

western boundary of ATP1072 was drilled to a total depth of 85.2m and  into the Correna Member 

which is an early Cretaceous formation that stratigraphically sits well above any formations of 

interest.  Similarly the BMR Charleville No. 7 stratigraphic hole drilled to a total depth of 151.8 m and 

also penetrated the same Coreena Member. The Charleville No. 8 bore drilled a little further west on 

the shelf reached a total depth of only 68m and drilled into a palaeo channel of the Warrego River 

and was abandoned.  

The Esor 1 well drilled for Pettejac Oil is located 4km to the NNE of the town of Morven on the NE 

boundary of ATP1098 in a region where the drilling of a town water bore Morven 2 recorded an oil 

show within the Evergreen formation. The well is located on the western flank of the Nebine Ridge 
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and was located based on the findings of the Morven 2 water bore and did not use seismic to define 

the optimum well location. The well encountered the Hooray Sandstone at surface to 183m then 

entered the Westbourne Formation to a depth of 325m. The Westbourne in this well was found to 

contain multiple carbonaceous zones increasing towards the base of the formation. Below this the 

well encountered the Adori Sandstone to a depth of 360m. The Adori was also found to be 

carbonaceous in part.  

The Birkhead formation lying below the Adori persisted to a depth of 505m and was found to 

contain interbedded siltstones and shales carbonaceous with coal horizons to the top of the unit. 

Carbonaceous material was found throughout the formation. The Hutton Sandstone depth to 671m 

lying below the Birkhead Formation reported strong fluorescence in the zone of 512m to 599m and 

again in the zone of 604 to 619m depth. Comment was made in the log that it was possible that the 

samples were contaminated. However, fluorescence persisted in samples through the Hutton to 

651m depth. Below this to the base of the Hutton samples alternated with sandstone and shales 

with varying coal horizons and rare fluorescence and was reported as oolitic shale at the base.  

The Evergreen Formation to 739m drill depth was described as interbedded shales and sandstone 

carbonaceous in part with inclusions of carbonaceous material increasing downward. Below the 

Evergreen to total depth of 753m the well drilled through metamorphic basement.  

The Esor 2 well drilled by Mitchell Gas and located slightly to the north of Esor 1 in 2004 was drilled 

to confirm the findings of the Esor 1 well. This well identified a 10m thick coal seam in the depth 

interval of 130m to 140m within the Westbourne Formation and a second coal seam of similar 

thickness between 383m and 393m drill depth. A 4m Coal seam was also encountered between 

597m and 602m depth. The presence of these seams provides further evidence that the coals of the 

Surat basin drape over the Nebine Ridge and extend into the western province. The formations 

identified in the completion report  identified that the well encountered the Westbourne to a depth 

of 305m, the Adori to 354, the Birkhead to 480, Hutton to 616m and the Evergreen to 714 with 

identification of the Boxvale member to 736 with drilling into basement to a total depth of 742m. 

This indicates that the first seam encountered was in the Westbourne Formation the second seam 

encountered would be in the Birkhead formation and the third seam occurred in the top of the 

Hutton (Field T.W. 2006). Combined these seams represent a thickness of 25m of coal encountered 

within the well with two of the seams at least of sufficient thickness to potentially provide a source 

of gas. However, no gas or other liquid hydrocarbons were reported in the well.  

In the GSQ-drilled stratigraphic bores in the region, some coal has been reliably recorded. These 

were fully-cored holes (from surface), and provide high quality, reliable and accurate descriptions of 

the sections penetrated, and are also geophysically logged. 

The Scalby 1 well drilled on the east flank of the Nebine Ridge penetrated lower Cretaceous and 

upper to Middle Jurassic strata overlying a localised high of crystalline basement. The Lower Jurassic 

Evergreen Shale and Precipice Sandstone were missing leaving the Middle Jurassic Hutton Sandstone 

resting directly on Basement with no source rock potential. The well broke ground on recent to 

Tertiary surficial deposits to a depth of 27m drill depth then entered into the Lower Cretaceous 

Roma formation to a drill depth of 225m. Below this is the Hooray Sandstone to 522m overlying the 

Westbourne formation through to 590m, then the Adori/Springbok Sandstone to 630m. The Adori 
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overlies the Birkhead formation which is present through to 716mm. Beneath this is the Hutton 

Sandstone sitting on basement at 801m.  

The Roma (Doncaster/Wallumbilla equivalent) Formation in this well is comprised mainly of shale 

with interbeds of sandstone. The upper portion of the Hooray Sandstone is dominated by white to 

grey quartzose sandstone with a carbonaceous clay matrix. With increasing depth the Hooray 

became increasingly interbedded with carbonaceous shale and carbonaceous siltstone with a few 

interbeds of coal.  

The Westbourne formation at the top is a carbonaceous shale and downwards becomes sandier with 

interbeds of carbonaceous sandstone grading to carbonaceous siltstone. The Adori/Springbok 

Sandstone is dominantly a fine grained shaly carbonaceous sandstone. The Birkhead Formation 

consists of interbedded carbonaceous shale, sandstone and occasionally coal. The Hutton is a 

quartzose sandstone with minor interbeds of carbonaceous siltstone becoming pebbly to the base.  

The well recorded background coal gas throughout the stratigraphy and also reported good reservoir 

potential in the sandstone bodies below the Roma formation. However the well also reported that 

all sandstones were water saturated.  

The Tregole 1 well was drilled by the American Overseas Petroleum company in 1966 up dip from 

the Alba 1 well. The Tregole I well penetrated the Roma Shale from the surface to 107m. This 

formation is comprised of shales and siltstones grading to sandstone at the base. The shales are 

locally carbonaceous and slightly glauconitic. Below the Roma the well penetrated the Hooray 

Sandstone to 240m depth. The Hooray is comprised of interbedded sandstones, shales (locally 

carbonaceous) and siltstones with minor coal bands. The sandstones are considered to generally 

have low porosity.  

Beneath this sits the Westbourne Formation through to 378m with the upper third comprised of 

carbonaceous siltstones with minor shales with the bottom two thirds of the formation comprised of 

arenaceous sandstones with interbeds of siltstone and shale. The Adori Sandstone to 413m sits on 

the Birkhead Formation and is dominated by sandstone with a siltstone bed roughly in the middle. 

The siltstone bed is carbonaceous. The underlying Birkhead Formation to 517m is dominated by 

siltstone with interbeds of low porosity sandstone and thin beds and laminae of coal.  

The Hutton sandstone (to 688m) is comprised of sandstone with minor beds of shale and siltstone 

both commonly laminated with carbonaceous material.  The Evergreen Shale (to 721m) is irregularly 

interbedded with siltstone and shales and minor sandstone and coal. The siltstones also contain thin 

laminae of carbon and carbonaceous material while the shales contain thin coal laminae and the 

sandstones are also slightly carbonaceous with thin irregular laminae of carbonaceous shale.  

The Upper Precipice Sandstone (734m) is interbedded carbonaceous siltstone, carbonaceous shale 

and occasionally carbonaceous sandstone.  The Lower Precipice (740m) is dominated by slightly 

carbonaceous sandstone with minor irregular beds of carbonaceous shale. The Devonian crystalline 

basement is essentially greenschist facies of regional metamorphism.  
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Prospectivity ATP1072 & 1098 

The prospectivity of ATP1072P and ATP1098P covering the Westgate Trough and rising up onto the 

Nebine Ridge is predicated on the area preserving sufficient organic material in the various 

formations. Many of the formations contain organic shales and coal seams that may be located 

between effective seals of mudstone and shales. The sandstones throughout the stratigraphic 

horizon may have characteristics suitable for conventional reservoirs.  

The basal Thomson Orogen underlying these exploration permits provides the controlling influence 

on the basal shape. Overlying the basal granites of the Orogen draped across the western slopes of 

the Nebine Ridge is the Precipice Sandstone. This sandstone is a thick-bedded, cross-bedded, pebbly 

quartzose, minor lithic sub labile sandstone, with siltstone and mudstone interbeds.  

The isopachs of the Precipice sandstone have been mapped across the Nebine Ridge and the 

contours of this formation can be used to determine the corresponding contours of the overlying 

target formations. Thickness of the relevant target formations can be grossly ascertained from the 

information available within the Orion wells (Maryvale, Lowood and Crichton) and cross sectioned 

with the Alba 1 well to the North. These cross sections can be seen in figures  9, 10, 16, & 19.  

Extending the stratigraphic cross section from the Alba 1 well to Donnybrook 1 across the Nebine 

Ridge and correlating the formations clearly identifies the presence of the Injune Creek group 

containing Walloon Subgroup/Birkhead Formation with the confirmed presence of a number of coal 

horizons which provides evidence for the potential of coal seam gas within the ATP. This is 

confirmed in the well log of Esor 2 and the reporting of approximately 25m of net coal across three 

seams.  

The Evergreen Formation overlying the Precipice Sandstone is known to contain labile and sub labile 

sandstone overlain by carbonaceous mudstone, siltstone and minor shale and is generally 

considered to be a fair source rock.  The regular presence of preserved coal horizons surrounded by 

carbonaceous mudstones suggests many of these areas may be their own source, trap and seal and 

contain areas of economic gas potential.   

Within the Westgate Trough the presence of the Hutton Sandstone that overlies the Evergreen is 

identified in the Wyandra 1 well between 792 and 858m depth. This is significant as the Hutton 

formation is regarded as the principal reservoir of the Jackson (150km west), Kenmore and 

Tintaburra Oil fields (140km north west) and is known to contain poorly sorted, coarse to medium-

grained, feldspathic sub labile sandstone (at base) and fine-grained, well-sorted quartzose sandstone 

(at top); with minor carbonaceous siltstone, mudstone, and coal. The Hutton also laps onto the 

Nebine Ridge to the east. Within the Westgate Trough the Hutton terminates in a system of 

dendritic channels comprising massive sand with porosities of up to 33% and a larger than normal 

proportion of siltstone and mudstone reportedly of source rock aspect.  

Overlying this is the Birkhead Formation (Walloon equivalent) of approximately 100m thickness. 

Sitting above a basal shale approximately 5 metres thick the lower unit comprises alternating beds of 

sand and shale zones. The sands are reported to have porosities up to 15% and produce oil in wells 

within the Talgeberry area (140km north west). Within the GSQ Wyandra 1 well what was originally 

reported as Hutton Sandstone is now known to be basal Birkhead.  
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The upper Birkhead comprises labile sandstone, siltstone and shale of reasonably good source rock 

potential. The unit also on-laps to the Nebine Ridge to the east. The Upper Birkhead is considered to 

be an effective seal as well as a possible source rock for hydrocarbon accumulations in the Hutton 

sand channels. Above this the Adori Sandstone has also reportedly produced oil in some wells such 

as the Kooroopa 1 well. Lithologically the Adori is related to the overlying Westbourne Formation 

which also has reportedly produced oil in several wells within the Jackson area. The Adori is also 

known to on-lap to the Nebine Ridge and may be sealed against the rising shale formations that 

drape the Ridge.  

Overlying these is the Hooray Sandstone of fluvial, pale coloured, medium- to coarse-grained, 

quartzose sandstone, commonly cross bedded and pebbly; containing minor siltstone, 

conglomerate, and coal beds. The Hooray also is known to produce oil in the Jackson area and 

reportedly has porosities in the 15 – 20% range. This formation was identified in the GSQ Wyandra 1 

well where it is reported as the Wyandra Sandstone. Overlying all this is the Wallumbilla-Allaru lower 

Cretaceous mudstone representing a marine transgression. This formation is widespread within the 

Adavale Basin and is known in places to contain oil shales.  

Historical exploration across the wider region including the Eromanga Basin has focused on the 

Hutton, Lower Birkhead and Adori Sandstones and while these produce from a variety of reservoirs 

the bulk of reserves discovered to date have been found in the basal Birkhead-Hutton section with 

finds of 5 to 25 million barrels recoverable. To date none of the exploration within the wider region 

has explored for coal seam gas potentials; however the discovery of the Gilmore gas fields (190km 

north) within the Adavale Basin did confirm the presence of a significant petroleum system within 

the basin.  

Within the Adavale sequence the exploration by Phoenix Oil NL that identified the Wyandra 1 lead 

(figures 22 and 23 ) was based on the seismic interpretation of line PW87-96. This seismic line 

identified the prominent Cooladdi Dolomite reflector under which is the Bury Limestone member of 

the Log Creek Formation  and the Lissoy Sandstone indicating that a potential gas reservoir may exist 

at relatively economic shallow depth but below the termination depth of the Wyandra 1 

stratigraphic well. Both these formations are known to be gas prone from historical exploration 

drilling and are the source of gas in the Gilmore Field. (figure 3 identifies a number of wells that have 

encountered gas within these formations).  

Traditionally, the ATP 1072 and 1098 have not been highly regarded as either a coal or conventional 

oil or gas province, and there has been only very limited exploration conducted previously in the 

area. Much of this was eitherseismic and stratigraphic wells drilled by either the BMR and GSQ or 

limited exploration conducted by commercial enterprises. To date, the entire area remains almost 

totally unexplored. 

Although there are some reliably documented occurrences of coal from bores drilled, there is, as 

yet, very little data which could reasonably be classified as high quality or reliable data from within 

the tenements to provide support for the existence of any significant coal that might be regarded as 

a possible future ‘mining reserve’ or gas reserve. However, within the wells drilled to date, both 

stratigraphic and petroleum exploration, key formations known to contain considerable coal 

horizons have been identified. It is probable that this coal is spread over a relatively wide 
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stratigraphic interval, from at least the Hooray Sandstone to the Evergreen Formation and areally 

persisting across the Nebine ridge to within the Westgate Trough.  

Indications are that the Birkhead Formation as the Walloon coal measures equivalent probably 

provides the most prospective target interval. The Walloons are currently extensively exploited for 

coal seam gas within the Surat Basin to the east of the Nebine Ridge and the presence of confirmed 

coal to the west of the ridge could provide similar opportunity. 

Water bore records, although individually of limited reliability, are numerous and widespread, and 

there are a considerable number of records dating back for the past 100 years that mention an 

occurrence of coal, coaly shale, minor coal, coaly bands, etc.  This at least provides confidence for 

the presence of suitable lithofacies needed to host substantial coal resources. It is highly probable 

that due to the nature of historical exploration that significant coal intervals may have gone 

unnoticed and unrecorded.  

The region is almost totally under-explored for coal, and the tenements undoubtedly contain rock 

unit equivalents of the commercially productive Walloon Subgroup. There is a high frequency and 

broad spread of water well data from throughout the subject areas which, in typical Walloon style, 

make mention of mostly minor coal occurrences, and this lends strong support to the possibility of 

typical ‘Walloon coal deposits which might be present over relatively large areas’ (MBA 2009).  

Early historical exploration work has demonstrated that high potential source rock exists in the 

Evergreen Shale and reservoir rock within the Precipice Sandstone across large areas of the Nebine 

Ridge flanks within ATP1098P. Early exploration work by American Overseas Petroleum (AOP) Ltd 

(1996) has recommended that a lower Jurassic trap should be delineated in a structurally low 

position flanking the Nebine Ridge as a target for conventional oil and gas on both the east and west 

side of the ridge; similar to that identified in figure 23. AOP also concluded in their exploration work 

that the Evergreen Shale west of the Nebine Ridge has been demonstrated to be an effective seal. 

And that the characteristics of these formations are the same as those present in the various 

hydrocarbon fields located in the Surat Basin.  

AOP also concluded that the results of their drilling across the Nebine Ridge lends considerable 

support to the possibility that near the axis of the Westgate Syncline (within ATP1072) Lower 

Jurassic sediments may have thicknesses in the same order as those in the Surat Basin.  Bridge Oil ltd 

in their 1989 report also suggested that the basal Jurassic Hutton, Adori and Hooray Sandstones 

have the requisite characteristics as reservoirs and that the intra-formational sandstones within the 

Birkhead, Westbourne and Cadna-owie Formations should also be considered as high potential 

reservoirs. Each of these identified reservoir units are overlain by sealing formations and they report 

that rich, oil and gas prone source rocks are present in the Birkhead Formation and the basal 

Jurassic’s. Additionally the Permian sections such as the Aramac Coal Measures that may persist in 

the Westgate Trough are considered gas prone.   

Similarly Phoenix Oil & Gas NL (1990) suggests that the Upper Birkhead Formation contains 

sandstone, siltstone and shale of reasonably good source rock potential and is both a possible source 

rock and its own seal for hydrocarbon accumulations. Phoenix also indicate that the Adori Sandstone 

may be a viable reservoir target on the eastern flank of the Nebine Ridge. These formations are 
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known to produce oil in areas further west. Phoenix report that one of the Homeboin bores RN2974 

to the east of ATP1098P flowed gas from 517m prognosed to be the top of the Hooray Sandstone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Westgate Trough Wyandra 1 lead identified by Phoenix Oil & Gas NL. 1990 
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Conventional/Unconventional Gas Potential ATP1072 & 1098 

The initial 2P gas resource for the Adavale Basin based on the Gilmore and Log Creek accumulations 

was identified in 1987 by the then Bureau of Mineral Resources (Now GSA) as 198 PJ. [Miyazaki and 

Ozimic 1987]. The Adavale Basin is also known to contain unconventional gas reserves however at 

this time no data has been identified to quantify the unconventional potential. Additionally, there 

exists the potential for CSG in the Aramac and Walloon Coal Measures in the northern ATP1095 and 

possibly further coal gas horizons within the Cretaceous, Jurassic, Triassic, Permian and 

carboniferous formations of the Galilee and or Surat Basins overlying the organic shale formations 

within the Devonian Adavale Basin within the southern ATPs.  

The Queensland Department Mines and Industry (2013) reports the Log Creek formation of the 

Adavale Basin to contain up to 1.55% TOC within the shales and for these to be in the order of 

greater than 755m thick with a vitrinite reflectance range of 1.4 to 1.6%. The overlying Lissoy 

Sandstone is projected to be 470m thick and is identified as a possible conventional target; while the 

overlying Cooladdi Dolomite has reported gas within its 85m thickness. Within the Gilmore No. 1 

well the marine petroleum bearing unit of calcareous and carbonaceous shale within the Log Creek 

formation was reported to have a porosity of <4% and a permeability of <4 mD at a depth of 4065m 

drill depth. And the Qld Department of Mines and Energy 2006 report on the Adavale Basin 

identifies the reservoir porosity of rocks across the basin system generally range from 0 to 15% with 

permeabilities up to 38.7mD. However in the Buckabie Formation, Lissoy Sandstone and Log Creek 

Formations horizontal permeabilities have been reported up to 1486mD. Drill stem testing of the 

Gilmore 3 well recovered gas at 2.32mmscfd and traces of oil from the Log Creek to Cooladdi 

Dolomite interval and the Phfarlet 1 well recovered ca. 800,000scfd gas from the Lissoy Sandstone 

during DST.  

The Lissoy is seen as the major reservoir unit in the Adavale Basin and research suggests that 

localised porosities and permeabilities may be higher due to dissolution of early marine cements 

with increased intergranular porosity. The ranges of porosity may be 4% to 15% in this formation 

with permeabilities up to 11.7mD and the sandstone formation may have significant storage 

capacity (de Boer 1996). The conclusion would be that units with natural fracturing and secondary 

porosity would be the most prospective.   
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Geology of ATP1095  

ATP1095P lies in the north western portion of the Surat Basin and overlies the Nebine Ridge and the 

part of the Eromanga Basin to the west of the Ridge. The ATP is located to the west of the Denison 

Trough and drapes over the eastern and west flanks of the Nebine Ridge to the South of the Bowen 

Basin. Formations within the ATP are dominated by the Jurassic-Cretaceous sequences of the Surat 

that also drape and interfinger westward over the Ridge into the Eromanga sediments. Tertiary 

basalts form ridges and hilltops within the tenement area and overlie laterised Permian sediments.  

The position of the Nebine Ridge, inferred from a positive Bouguer gravity anomaly (Mollan et al. 

1969) shown in figure 24 approximately marks a change of lithological facies in the Lower Jurassic 

sediments. The Ridge also coincides with a very broad anticlinal warp which interrupts the gentle 

regional south westerly dip of the Jurassic sequence. Exploration by the BMR within the region has 

identified that a number of structural traps and reservoir rocks for oil and gas, and the shales in the 

broader province have potential as source rocks. The BMR has also identified that coal seams are 

present in a number of formations within the region providing potential for coal seam gas.   

 

Figure 24: Bouguer gravity anomaly map of ATP1095.  

The Jurassic to lowermost Cretaceous sediments are essentially terrestrial and cyclic with the 

sequence up to 1700m thick in places with each cycle hundreds of metres thick. Each cycle generally 

began with the deposition of coarse mature sand which graded up into finer sane ending with the 

deposition of silt mud and coal. These cycles represent deposition by braided streams followed by 
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meandering streams and finally by deposition in swamps, lakes, deltas and, in places, shallow seas. 

Volcanic debris is common in the middle and upper Jurassic and represents contemporaneous 

volcanism. Steady erosion and pediplanation took place through the Late Cretaceous and Early 

Tertiary with basic volcanics around the basin on the Oligocene-Miocene followed by extensive 

erosion since.  

As can be seen in figure 25 (and figure 1) the ATP1095 lies south and west of and in proximity to the 

sub crop of the Walloon Coal measures. These coal measures are extensively exploited within the 

Surat Basin and are thought to pass laterally across the Nebine Ridge into the supposed more coal 

poor Birkhead Formation with an associated loss in potential.  However, drilling results of wells (Alba 

1, Tregole 1, Esor 2, and Donnybrook 1) (figures 8 & 26) positioned across the Nebine Ridge have 

demonstrated that the Birkhead does contain significant coal with multiple seams up to 10m thick 

(in some wells) with a recorded net pay of up to 25m across three seams in one well drilled for 

petroleum (Esor 2).  This is significant as many of these early petroleum wells were not interested in 

coal and often did not record the lithology in the first 500ft of the well.   

 

Figure 25: Solid geology of ATP1095 in the Surat Basin. Figure from Exon 1976. BMR Bulletin 166.  



   

Geology Review  for ATP’s 1072, 1098 and ATP 1095 - Ranger Resources  - March 2017 

 

p. 43 

 
Figure 26: well locations within proximity to ATP1095. Figure from Exon 1976. BMR Bulletin 166. Balfour 1 well 

is located off the NW corner of the map.  

Also to the west of the Nebine Ridge within the Walloon Subgroup equivalent Birkhead Formation 

research by Mollan et. al. (1969) identifies that the formation to the north of the ATP1095 does also 

contain coal. However the amount was not quantified as the formation was identified in outcrop and 

not by drilling.  In further support the well Balfour 1 to the north west of the ATP1095 on the 

western flank of the Nebine Ridge has also confirmed the presence of substantial coal seams in the 

Birkhead Formation.   

It has been recognised in more recent research that the coal seams within the Walloons form two 

principal types. i.e. those that form significant deposits up to 10m thick and are laterally extensive 

and sealed by carbonaceous mudstones and tuffs (Martin 2013); and those that are typically less 

than a metre thick and tend to be more localised. These minor seams are often capped with 

carbonaceous mudstones and may be more channelized or confined to ancient cut off oxbow lakes 

within the depositional fluvial system and thus more easily missed in the drilling.  These minor seams 

may still form a significant organic matter source within some areas as these may form multiple 

stacked horizons truncated by lacustrine flooding surfaces.  

Drilling by American Overseas Petroleum (AOP) of the Balfour 1 well c. 60km to the North west of 

the tenement area located on the seismic line Y81A-1103 to the west of the Nebine Ridge 

penetrated the Birkhead formation at approximately 1655 ft. (499m) and remained in the formation 

through to approximately 2800 ft. (843m) drill depth.  
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In the Balfour well the Injune Creek Group Westbourne Formation was described as generally 

carbonaceous throughout while the Birkhead Formation was described as being comprised of 

interbedded siltstones and shales with minor sandstone and coal seams. Specifically the well 

completion report identifies bituminous coal seams between 1850’ (558m) and 1900’ (572m). This 

description provides further confirmation of  the presence of significant coal on the west flank of the 

Nebine Ridge within the Eromanga Basin in the Walloon equivalent Birkhead Formation. 

A report on the historical ATP396 to the west and south of ATP1095 indicates that research by Shell 

summarised in a paper by Thomas et al has identified that geothermal gradients have elevated 

maturities on the western flank of the Surat Basin so it is also possible that the formations 

containing sufficient organic material have attained adequate maturity for the generation of 

hydrocarbons within the area.  Thomas suggests that extensive vertical and lateral migration of 

hydrocarbons has occurred with hydrocarbons generated in the Permian source sequence migrating 

higher up to be sealed by various mudstone beds and reservoired into the tight sandstones and that 

the Evergreen formation may contain intra-formation accumulations. He also suggests that leaking 

into the Hutton may occur with preservation in this formation under favourable circumstances.  

Thus migration of hydrocarbons laterally from the Taroom Trough situated to the east and south of 

the tenement into sandstones in the Evergreen /Precipice section may also have occurred.  Research 

by Exon (1976) also suggests this could have occurred with hydrocarbons moving through the sands 

and up into the Hutton to be trapped against the basement rise of the Nebine Ridge by the 

overlapping Walloon Coal Measures.  Figure 27  indicates the possible migration path as described 

by Exon.  

 
Figure 27: possible hydrocarbon migration paths. Figure after Exon 1976.  

While much of the early exploration of the Surat and Eromanga Basins area was conducted for 

conventional oil and gas with the discovery of now over 30 gas fields and 2 significant oil fields 
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producing mainly from the Jurassic Precipice Sandstone focus is shifting to include not only the 

Precipice but also the Permian sequence formations as well as the Jurassic Hutton Sandstone.  

Stratigraphy of ATP1095 

Within this study the number of wells available to be used to infer localised geology are limited to 

the Mitchell 5 & 6 wells, Eddystone wells No. 49 & 50, Tooloombilla 1, Donnybrook 1 and potentially 

the Balfour 1 well (approx.) 60km to the north west of the ATP; and the Dulbydilla, Mungalla, and 

Esor wells 40Km to the south of the ATP.  

Extrapolation between seismic line Esso Y81A-1147 with line Y81A-1103 and correlating with the 

Balfour 1 well to the Tooloombilla and Donnybrook wells may provide further insight to the localised 

geology of the region. And, the base Jurassic unconformity defines the major structural elements of 

the Surat Basin succession and the anticlinal structures on the flanks of the syncline.  

The traditional formations of interest include the precipice Sandstone and the evergreen formation. 

The precipice is a fine to coarse grained quartzose sandstone grading up to a finer sandstone with 

siltstones and clays. The Evergreen Formation is characterised by thinly bedded mudstone, siltstone 

and sandstone overlying the Precipice. The sequence represents meandering stream deposits 

associated with floodplain systems.  

Overlying this is the Hutton Sandstone as a succession of sandstones with minor thin conglomerate 

beds, interbedded silts and thin beds of mudstone. Often these mudstones and siltstones are clay 

rich, carbonaceous and interbedded with sandstones. Above this is the Walloon Subgroup of the 

Eurombah Formation, Taroom Coal measures, Tangalooma Sandstone and Juandah Coal measures 

(Green et.al. 1997)  

The Eurombah contains an upward fining sequence of sandstone, siltstone and mudstones with 

occasional thin coals. The Taroom Coal measures comprise mudstones, siltstones, low porosity 

sandstone and coal. Separating the Taroom from the Juandah coal measures is the find grained 

sandstones of the Tangalooma Sandstone. The Juandah contain mudstone, coal, sandstone and 

siltstones.  

The Springbok Sandstone sits unconformably on the Walloons and consists of fining upward sands, 

interbedded carbonaceous siltstones, interbedded mudstone, tuffs and thin coal seams. The 

Westbourne Formation is also deposited unconformably on the underlying Springbok and is 

comprised of interbedded shales, siltstones, and fine grained sandstones.  

Above this is the Gubberamunda Sandstone, Orallo formation and the Mooga Sandstone that 

collectively equate to the Hooray SS. The Gubberamunda is comprised of medium to coarse 

sandstone interbedded with fine sandstones, siltstones and shales. The unit unconformably overlies 

the Westbourne. The Orallo consists of medium to coarse sandstones, interbedded carbonaceous 

siltstones, silty mudstones, tuffs and coals and lies conformably over the Gubberamunda. Over the 

Orallo is the Mooga Sandstones containing quartzose sandstones with thinly bedded mudstones and 

siltstones.  
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Figure 28: Stratigraphical column modified after McKellar 1998; Scott et al. 2007 sourced from Martin et. al. 

2013. The Walloon sub group (middle Jurassic) is considered to be comprised of c. 10% coal. The group can be 

subdivided into three sections: The Taroom and Juandah Coal Measures separated by the Tangalooma 

Sandstone. 

 
Figure 29a: Final stack image of Y81A-1147 seismic line section of Nebine Ridge to the Mungallala 1 

well.  
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Figure 29b: Interpreted  Y81A-1147 seismic line Nebine Ridge to Mungallala 1 well.  

 

 

Figure 30a: Y81A-1103 seismic line from NW to SE through the Balfour 1 well (image from Spraggon 

2010) 

 

Figure 30b: Y81A-1103 seismic line interpreted.(image from Spraggon 2010) 
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Figure 31: Location of seismic lines BMR84-14 (Yellow); Y81A-1147 (middle) and line Y81A-1103 (top) in 

relation to the ATP with wells used for correlation identified.  

The Balfour 1 well penetrated the Roma (Doncaster/Wallumbilla) Formation at 110’ (33.5m), then 

into the Hooray Sandstone through to 583’ (177.7m) beneath which the well entered the Injune 

Creek Group at 1063’ (324m) Westbourne Formation between 1063’ and 1453’ (443m). Beneath the 

Westbourne lies the Adori Sandstone through to 1655’ (504.4m), then Birkhead Formation from 

1655’ to 2140’ (652.3m) making the Birkhead at this drill site approximately 148m thick. Beneath the 

Birkhead lies the Hutton Sandstone between 2140’ and 2782’ (848m), the Evergreen Shale 2782’ to 

3121’ (951m) and the Precipice Sandstone 3121’ to 3398’ (1035.7m), then the Moolayember Shale 

3398’ to 3882’ (1183m), The Clematis Sandstone 3882’ to 4391’ (1338.4m) and the Upper Permian 

Bandanna Formation 4391’ to 4550’ (1386.8m), the Peawaddy from 4550 to 4597’ (1401.2m) then 

into the Upper Carboniferous-Permian Joe Joe Formation at 4597’ to basement at 5481’ (1670.6m).  



   

Geology Review  for ATP’s 1072, 1098 and ATP 1095 - Ranger Resources  - March 2017 

 

p. 49 

The Balfour well was located on the crest of a closed anticline at the intersection of two anticlinal 

trends determined by gravity and seismic. However no significant oil or gas shows were found in the 

drilling of the well but fluorescence was identified in the Clematis Sandstone.  Within the well a 

number of carbonaceous and coal zones were identified and these were associated with both shales 

and sandstones. The Westbourne was described as being generally carbonaceous throughout while 

the Birkhead was described as consisting of interbedded siltstones and shales with minor black 

bituminous coal seams between 1850’ and 1900’ (c. 563.9m – 579.1m).  The Bandanna formation 

between 1323m and 1370m was also recorded as containing coal sections.  

The well completion report for Balfour concluded that while generally the formations were 

considered poor source rocks it did suggest that the upper 51ft (15.5m) of the Evergreen Shale 

continues to show prospectivity as a source rock.  

The Eddystone BMR wells 49 & 50 were drilled to a total depth of 240 and 250ft respectively.  The 

Eddystone 49 well was abandoned in soft caving sand however the Eddystone BMR 50 well 

identified coal at 76’ (23.2m) and at 165’ (c. 50.3m) drill depth and identified the seams as occurring 

in the Early Cretaceous Orallo Formation sitting well above the key targets of the Injune Creek 

formations of the upper middle Jurassic within the Walloon Sub group. The top of the Walloon coal 

Measures in this region are considered to be located between approximately 400m and 750m depth 

(Exon 1976; p.  24).  

Two BMR stratigraphic holes Mitchell 5 and 6 were drilled in the centre of ATP1095 on the eastern 

flank of the Maranoa Anticline approaching the Mt Scott Syncline. The Mitchell No. 6 drill hole 

spudded into Westbourne formation until about 40’ (12.2m) then penetrated the Adori Sandstone 

through to around 90ft (27.43m)depth and then penetrated the Birkhead for 185ft (56.39m) of 

formation. The well log  describes the Birkhead as consisting mostly of carbonaceous siltstone 

grading to mudstone and very fine grained sandstone. Coal was also encountered in this formation 

with a number of seams reported between 100’ and 175’ (30.48m and 53.34m)drill depth.  

Unfortunately the bore did not drill much past this point. The Mitchell No. 5 bore well spudded into 

Hooray Sandstone and entered the Westbourne Formation at approximately 170’ (51.82m) drill 

depth. The log records no coal encountered and this well also was terminated at a shallow depth 

and did not penetrate the full Westbourne.  

However to the east of the Mitchell bore holes and within the ATP the water bore 10984 did 

encounter a number of shallow coal seams above 200m depth. While these seams are significant in 

identification their depth is too shallow to provide economic potential. As this bore is sited between 

the Mt Scott Syncline and the Forest Vale Anticline and using the reference of the Mitchell 5 and 6 

bores it is expected that the Formation within which these coals occur is the Birkhead formation. 

The shallow nature of the Birkhead in this location reduces the likely potential of the area for coal 

seam gas prospectivity.  Bore 4185 north of the Mitchell 6 bore clearly identifies that the Birkhead 

Formation outcrops at this point and with the Hutton located at 274m depth it is reasonable to 

assume that this area is therefore not prospective. Similarly the Bore 10987 in the North east of the 

ATP contains only 37.5m of Birkhead as outcrop with the rest eroded away and the Hutton also 

limited in thickness of 66m to a depth of 103.6m further indicating a lack of prospectivity. No coal 

was recorded. Bore 9352 positioned in the South west of the ATP closer to the ridge axis and to the 

west of the Mitchell no. 6 bore appears to confirm the formation sequence across the central 

portion of the ATP1095 draping over the ridge line contains no prospectivity.  
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To the North West of the ATP Bore 15037 spudded into the Adori sandstone and entered the 

Birkhead at 71.3m to remain in the formation through to 235.9m at which point the well water bore 

was terminated. The driller did not log any coal in the hole.  

While Bore 13605, located on the upside of the potential graben in the north east of the ATP, also 

did not record any coal in the water bore as it was only drilled to a depth of 218m and did not 

encounter any Birkhead Fm. Rather the formations encountered by the bore consisted of the 

Doncaster Member, Hooray Sandstone and just penetrating into the top of the Injune Creek Group 

Westbourne Formation, all sitting above the Birkhead. This raises the potential of this area for the 

presence of a viable Birkhead formation. Similarly water bore 11912 while drilled only to 137m also 

only penetrated the Doncaster Member and the Hooray Sandstone and opens the possibility for 

preservation of the Birkhead at suitable depth.  And, Bore 13905 to the North west of the ATP 

penetrated the Hooray Sandstone at 36m depth and remained in the sandstone until total depth of 

194m. The Hooray is positioned above the Injune Creek Group and well above the Birkhead.  The 

location of these water bores is shown in figure 32.  

 
Figure 32: Location of bores within ATP1095 used to identify stratigraphy.  

 

To further facilitate the understanding of the existence and relative position of the expected key 

formations of the Walloon Sub group /Birkhead Formation plus the Hutton, Evergreen, and Precipice 

formations a number of cross sections across the Nebine Ridge have been identified using available 

data within and around the ATP. The location of these cross sections and the wells used to develop 

these are shown in figure 33. The cross sections relevant to the formations are shown in figures 34, 

35 and 36.  
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Figure 33: Location of wells and cross sections A-A1 (Red) Balfour to Strathmore; B-B1 (Blue) Alba to Dulbydilla 

to DonnyBrook; and, C-C1 (Yellow) Alba to Tregole 1 to Dulbydilla to Donnybrook 1 to Tooloombilla 1 wells. 
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Figure 34: Stratigraphic Cross section A-A1 from Balfour 1 to Tregole 1 well across the Nebine Ridge to 

Strathmore 1 well. 

 

Figure 35: Structural cross section B – B1 from Alba 1 through Dulbydilla 1 well to Donnybrook 1 well across 

the Nebine Ridge. 
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It is apparent from the sections across the ridge and extended into the Surat Basin that the principal 

target formations are well represented within the ATP.  

The ATP forms part of the northern margin of the Surat Basin with the main structural divisions 

within the ATP existing as two clearly identifiable structures. These structures are displayed on the  

geology maps of the region.  Figure 37 below displays the location of the Maranoa Anticline as the 

primary structure within the ATP.  

 

Figure 37. ATP1095 major structural features of the Maranoa Anticline through the centre of the ATP with a 

possible (half?) graben to the west and the Mt Scott Syncline to the east. 

The major features are the Maranoa Anticline that dominates the central portion of the ATP and 

runs essentially north to south through the area. To the east of the Maranoa and within the ATP is 

the northern nose of the  Mt Scott Syncline and the Forest Vale Anticline just outside the eastern 

boundary of the ATP.  The Mt Scott Syncline is a gentle plunging structure that runs parallel and to 

the east of the Maranoa Anticline. The structure coincides with a depression in magnetic basement 

and an easterly decrease in gravity values.  The Forest Vale Anticline to the east of the ATP occurs on 

the eastern side of a magnetic basement depression.  

These are significant structures in this area and between them lie a number of minor faults.  To the 

west of the Maranoa Anticline there also exists what appears to be (half?) graben between two 

minor faults that appears to be plunging to the south west.  These structures are all oriented 

essentially north-south and are affected by the regional dip to the south; thus younger units are 

progressively exposed southwards.  

Overall the Nebine Ridge dominates the structure of the region and while the anticlines and 

synclines are present the ATP generally overlies the ridge which is an expression of the metamorphic 

basement. The peak of the Ridge is expressed as the Maranoa Anticline and the sediment facies 
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changes in the Jurassic and cretaceous sequences from the Eromanga to the Surat occur on or near 

the anticline.  Within the Eromanga side of the ATP the basement appears to dip gently southwest 

away from the ridge while the Surat side of the ATP has a similar gentle dip to the southeast. It has 

been calculated that the dip of the Hooray sandstone in the region is in the order of 3.75m to the 

kilometre (Exon et al 1967).   

These structures are noteworthy as the presence of the anticlines, synclines and faults provides 

opportunity for the development of reservoirs not only against these faults and within the fault 

bounded graben area of the north west corner of the ATP but also within the anticlines restricting 

lateral migration of produced hydrocarbons.   

BMR Mitchell No. 6  bore drilled near the Maranoa Anticline penetrated a 56m of section below the 

Adori Sandstone which pinches out nearby. In this bore the Birkhead Formation consists largely of 

carbonaceous siltstone, grading to mudstone and very fine to medium grained labile sandstone. Coal 

is also present.  In this location the Birkhead conformably overlies the Hutton Sandstone. Some of 

the coals in the Birkhead within the Mitchell 6 bore indicate a marsh condition at the time of 

deposition followed by a period of marine influence (Exon 1966).  In the Donnybrook 1 bore to the 

east of the ATP the Birkhead is reported to be over 150m thick suggesting a thickening of the 

formation moving east.  It is interesting to note that the Birkhead Formation has previously been 

mined for coal at the Maranoa Colliery in Injune to the east of the region.  

Further to the east of the ATP on the eastern slope of the Forest Vale Anticline the Tooloombilla 1 

well spudded into the Cretaceous Blythesdale Group and passed through the Jurassic Walloon and 

Hutton Formations, the Evergreen Shale and the Precipice Sandstone, then the Triassic 

Moolayember Formation before encountering the granite basement at a depth of 1750’ (c. 533.4m) 

(Myers n.d.). In the Tooloombilla well the Walloon was described as being in the order of 260’ thick 

(c.  79.2m ) and consisting mainly of shale interbedded with sandstone and siltstone with the 

sandstones increasing in thickness towards the base. The shale was described as commonly 

carbonaceous and coaly and interbedded with argillaceous (clayey) coal. Similarly the siltstones were 

described as being commonly carbonaceous but not estimation of percentage organic matter was 

provided in the logs.  

The Hutton Sandstones within the Tooloombilla well were also described as containing 

carbonaceous material and fragments and containing carbonaceous shales as well as minor vitreous 

coal seams.  The Evergreen Formation was found to contain carbonaceous shales and carbonaceous 

siltstones and to contain a 3m seam of ‘black, brittle and bright’ coal within the middle unit between 

1080ft and 1090ft (c.  329.2m – 332.2m).  Below this the Lower Evergreen was described as being 

comprised of mainly carbonaceous shale interbedded with lesser amounts of carbonaceous 

siltstone.  Similarly the underlying Precipice sandstone was described as being dominantly comprised 

of sandstone and carbonaceous siltstones with carbonaceous shales in the middle zone and clean 

interbedded shales and sandstones in the lower half of the formation. 

The underlying Moolayember unit (470m to 527m) was identified to contain coal and carbonaceous 

sandstones. However the overall description of the well did not identify sufficient coal or other 

organic material to suggest hydrocarbon prospectivity in the Tooloombilla area.   
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The Mitchell No. 7 well to the south of the ATP and on the west of the Maranoa Anticline drilled 

directly from the Roma Formation into the Hooray Sandstone and due to the shallow nature of the 

drilling remained in this formation to total depth.   

However the water bore 10984 between the Mt Scott Syncline and the Forest Vale anticline suggests 

that Birkhead Formation in this vicinity is not prospective.  

Conclusions 

ATP1072 & 1098 

This review has identified that the Adavale basin is a known and proven hydrocarbon province with 

developed gas fields. However these fields exist within the main portion of the basin and there is 

only limited data available to indicate that similar potential exists within the Westgate Trough in the 

granted ATP 1072.  

Of the wells drilled within the ATP all were drilled without the benefit of modern or detailed seismic 

data and it is possible that no valid structural tests have? been drilled across the ATP. Of the wells 

drilled at least seven (7) encountered evidence of hydrocarbons and all encountered coal that was 

ignored in the pursuit of conventional oil and gas at the time. The Orion Oil company that drilled the 

Maryvale, Crichton and Lowood wells reported that the results of the drilling do suggest that 

hydrocarbons are or have been present in the region.  

The ATPs 1098 and 1072 have potential for conventional and unconventional gas plays from either 

shale or coal seam environments. Permeability and porosity values for the formations are within an 

acceptable range and the lithology of the various formations is such to suggest that it is possible that 

source, trap and seal rocks exist within the region. Evidence of hydrocarbon generation and 

migration exists to the east and west of the tenement area. However the ATPs and the wider 

immediate area are underexplored.  

The review of the available data has clearly shown that key coal formations that are of current 

significant commercial interest within the Surat Basin persist west across the Nebine Ridge into the 

ATPs. The number of intersects of coal within the formations suggests that sufficient coal may be 

present to make a coal seam gas exploration program viable. A number of historical wells have 

reported the presence of oil and gas within the region and identified that suitable source rocks, 

reservoirs and seals probably exist within the ATP’s.  

Evidence also exists that the underexplored Westgate Trough may contain a number of suitable 

targets for conventional and unconventional hydrocarbons in a number of plays that may include 

tight sands, anticlinal  and combination structural/stratigraphic traps, fault bounded traps and up dip 

formation pinch outs at on lap to the rising Nebine Ridge (trough margin plays). Additionally, to the 

east of the ATP1098 where the Precipice may wedge out against the Ridge basement, the trough 

may be contain a suitable conventional target and anticlines and noses along the trend may also 

contain hydrocarbon accumulations.  
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ATP1095 

While the ATP1095 is significantly underexplored the information available from the BMR 

stratigraphic wells and the petroleum wells drilled in or in proximity to the ATP does not provide 

strong evidence for either conventional or unconventional gas nor for the existence of sufficient coal 

for the possibility of coal seam gas.  

However, the tectonic structure of the ATP does provide some scope for localised traps to occur in 

such places as the half (?) graben in the north west of the ATP and in proximity to faults where 

reservoirs may exist against hanging footwalls. The Maranoa Anticline represents a basement 

structural high of the Nebine Ridge that runs through the middle of the ATP and results in thinning of 

the sediments across this location.  

The Nebine Ridge, Maranoa Anticline, is the most prominent structural feature of ATP1095 and to 

the east of the ridge could be an accumulation point for migrating hydrocarbons out of the Taroom 

Trough further to the east. A seismic program along the flanks of the ridge may locate suitable traps. 

However based on the water bore information this does not seem likely. While the water bores 

located in the eastern half of the ATP provide some evidence that the Birkhead/Walloon Formation 

does exist and does contain evidence of coal in the region they also suggest that these coals are too 

shallow to provide an effective hydrocarbon source, trap and seal. If prospectivity does exist it will 

be to the western margin of the ATP in association with synclines and faults.  

Available water bore information does support the proposal that the Birkhead/Walloon may persist 

at suitable depth in the North West and west of the ATP10095. And, while these bores did not drill 

deep enough to encounter the Birkhead there is evidence from the BMR Mitchell stratigraphic wells 

and other water bores in the ATP that coals of sufficient type and possibly quantity do exist in this 

region to warrant further investigation.  
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Recommendations 

The following is recommended as a preliminary exploration program to test the geological theories 

presented in this report.  

ATP1072/1098  

• Reprocess and reinterpret the historical seismic lines BMR84-14, Y81A-1111  where the lines 

traverse the exploration area 

• Extend the PWY87-96 seismic line west to east across the southern portion of the Westgate 

Trough and across the Nebine Ridge towards the historical Homeboin 1 well.  

• Drill a series of 5 slim line  stratigraphic bores from east to west along a line from south of 

the Durella water bore in ATP1098 towards the Charleville No. 7 bore in ATP1072 at 

approximately 20km centres to determine the ridge shape and confirm the presence of the 

Birkhead coals and to accurately correlate the seismic. Across the ridge line these should be 

drilled to basement and within the Trough depth should be determined by the reinterpreted 

seismic.  The hole and seismic locations take advantage of the existing data available in the 

Homeboin 1 and Wyandra 1 wells.  The bores also test a series of Bouguer Gravity anomalies 

across the ridge line and into the Westgate Trough.  

 
Figure 38: ATP1072 & 1098 displaying the route of the proposed seismic line and initial stratigraphic well 

locations . The stratigraphic well locations are flexible to an extent and are intended to provide correlation of 

not only the new proposed seismic acquisition but also as reference for the BMR14 line to the north of the 

proposed line.  Drill locations are based on gravity anomalies not shown in this figure but can be seen in figure 

2 of this report.  
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ATP1095   

• Acquire a 2D seismic line (ATP1095-1)from the NW of the tenement along the line of water 

bore 13905 to  the BMR Mitchell No. 5 Bore.  

• Acquire a 2D seismic line (ATP1095-2)from the south west of the ATP to the east through a 

point just north of the BMR Mitchell No. 6 bore 

• Determined by the outcome of the seismic acquisition drill one slim line stratigraphic well  in 

the west of the ATP with the location to be determined by the seismic. A possible location is 

suggested in the Figure 39.  

 
Figure 39: ATP1095P displaying the locations of the proposed seismic lines and initial stratigraphic well. The 

final location of the stratigraphic well needs to be determined by the outcome of the seismic interpretation of 

line ATP1095-1. Line ATP1095-2 is position in the event that further confirmation the Maranoa Anticline 

(Nebine Ridge) has impacted the potential of the Birkhead Formation in the southern portion of the ATP.  
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Professional Qualifications: 

KAG Enterprises Ltd (KAG) is a privately owned independent geological consulting company 

established in 2002 based in Toowoomba Australia. The company specialises in the provision of 

geological exploration and operations management services with particular expertise in sedimentary 

basin setting and analysis. Except for the provision of professional services on a fee for service basis, 

KAG has no commercial arrangement with any person or company involved in the petroleum 

exploration industry.  

KAG is a geological consulting firm that has provided exploration and operations management 

programs to many clients including Xstrata Coal Australia, Arrow Energy, Queensland Gas 

Corporation, Blue Energy, Metgasco, Advent Energy, Armour Energy, Cobalt Pty Ltd, Merlin Energy 

(Hong Kong), Imperial Oil & Gas Ltd, New Hope Coal, and others. As the lead to the Armour Energy 

exploration team KAG Enterprises successfully identified two new gas fields in the Proterozoic 

formations of the Northern Territory McArthur Basin.  

Geoff Hokin is the principal consultant for KAG and he has extensive experience in Australian 

exploration and development of coal, coal seam gas and unconventional oil and gas. Mr Hokin has 

held positions as executive director, group general manager, and national manager of corporations.  

Mr Hokin graduated with a Master of Science (MSc) in Geology (exploration & basin setting and 

analysis) from the University of Wollongong in 1984 and obtained his Masters Honours degree by 

research in 1990. Mr Hokin also holds formal post graduate qualifications from the University of 

Southern Queensland in Anthropology and Cross Cultural Psychology. Mr Hokins’ qualifications 

include a MSc (Hons) Geology; MSc Geology; Dip Coal Geology; Dip TAA, Cert IV Bus Mgmt.; IQA 

ISO9000, IQA ISO14000 BMP.   

Statements 

Limitations 

In the generation of this report KAG have primarily relied on data supplied by Ranger Resources and 

supporting information available within the public domain. These reports and information were 

compiled and written by various industry and government bodies as well as consultants.  It is 

believed that the information received is reliable.  However, within the time available to undertake 

the report, the level of review of the information provided to us does not amount to an audit, 

verification or due diligence, and no warranty can be given that this review has analyzed all of the 

matters which a more extensive examination might reveal. No warranty can be given that this review 

has analyzed all of the matters relevant to the identification of the full hydrocarbon potential of the 

ATP which a more extensive examination might reveal. 

 

The opinions and statements in this report are made in good faith and in the belief that such opinions 

and statements are not misleading. 

 

This report or any reference thereto, may not be included in any other document or distributed for 

any other purpose without the prior written consent of KAG to the purpose of such distribution and 

to the form and context in which the report or reference appears. 
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Declaration 

Independence 

This report is our genuine opinion and the product of our professional judgment. KAG have not had 

and, at the date of this report, does not have any relationship with Ranger or its affiliates and or 

subsidiary companies that could be regarded as capable of affecting KAG’s ability to provide an 

unbiased opinion in relation to this report.  In particular, the author(s) of this report have no interest 

in, or are substantial creditors of, or have any material financial interest in Ranger Resources Pty Ltd. 

Fees and Other Benefits 

A fee has been received for the preparation of this report. KAG will not receive any other benefit for 

the preparation of the report.  The author(s) of this report have no pecuniary or other interest which 

could be regarded as capable of affecting their ability to provide an unbiased opinion in relation to 

this report. 

Changes in Facts or Circumstances 

The author confirms that there has been no material change of circumstances, or of available 

information that KAG are aware of since this report was compiled, and KAG is not aware of any 

significant matters arising from this report which might be of a material nature. 

Currency of Report 

This report has been prepared based on information available up to and including 6
th

  February 2017.   
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