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Executive Summary 
 

This permit has the potential to contain 7.8 TCF of gas in two unconventional play systems.  

This resource is classified under SPE guidelines as Prospective. Whilst there are other possible 

conventional plays present in the permit the information base is insufficient to allow for an 

assessment to be made. It is recommended that further geological studies are conducted that may 

improve this information base.  

The ATP 659 P permit (the Permit), located in the south-eastern Georgina Basin in South West 

Queensland, Australia has an area of 376,000 acres. The Permit lies on the northern flank of the 

Toko Syncline which contains a thick section of Cambro Ordovician along with a minor amount of 

Devonian and Mesozoic sediments. The middle Cambrian section hosts well documented, world 

class, marine source rocks in the Marqua Formation. It is a proven hydrocarbon province as 

Ethabuka 1 flowed gas at 200 mcfd and other exploration wells have consistently shown 

hydrocarbon content throughout the source rock rich section of the middle Cambrian. 

Recently a world major oil company, Total, farmed in to the Central Petroleum Georgina Basin 

acreage which is adjacent to the Permit, shot seismic and drilled 2 exploration wells. At this stage 

none of the data has been released publically, however the seismic will be available in October of 

this year. 

The South East Georgina Basin has, like the Rocky Mountain Laramide Basins in the USA, a 

combination of good quality, thermally mature, source rocks and a structural history which includes 

considerable uplift and unroofing. In these Laramide Basins, like the Piceance and the Green River 

Basins, very large Basin Centred Gas (BCG) accumulations are proven and giant fields such as 

Wamsutter, Pinedale and Jonah have been commercially successful. 

In addition, the Toko Syncline in the Georgina Basin is one of the few basins in onshore Australia 

which has mature, world class, marine source rocks in a carbonate dominated depositional setting. 

This geological setting is similar to Source Rock Reservoir (SRR) plays such as the Eagle Ford Shale. All 

exploration wells which have intersected the middle Cambrian, Lower Marqua, source rocks in the 

Georgina Basin have indicated the presence of hydrocarbons. Indeed the most recent well adjacent 

to the area, Gaudi 1, has reported that gas was desorbed from core from the middle Cambrian 

section. 

The widespread association of hydrocarbon shows with source rocks in the permit and its similarity 

with productive US unconventional plays necessitated an emphasis on investigating the potential for 

both tight gas (BCG) and source rock reservoir (SRR) systems. Until recently in Australia these 

accumulation types were not exploration targets, therefore the previous analytical and formation 

testing regimes do not provide much relevant information specifically on these play types. Thus the 

current study went back to the basics and reviewed all the raw well data, including mud logs, to 

determine if there were indications of unconventional reservoir plays. 
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The proposed petroleum geology model for the Permit indicates there is a good probability that two 

large unconventional gas plays are present. These and their mean estimates resource potentials are:  

1. The Upper Marqua BCG Play-  2.6 TCF 

2. The Lower Marqua – Inca Formation SRR Gas Play – 5.2 TCF 

Given the lack of concrete data confirming the existence of these plays they are classified as 

PROSPECTIVE. No drilling locations are considered mature for drilling as yet. 

There is scope in this permit for further Geological studies which may enhance the value 

of the permit. This is largely due to the previous outcrop and analytical studies being targeted for 

conventional reservoir systems. 

The following programme is recommended before any new seismic and or drilling is considered: 

1. Obtain and integrate the recent Central Petroleum Seismic into the current Kingdom Project. 

2. Examine the existing core data base and where possible obtain samples for unconventional 

SRR analysis. 

3. Obtain HYLogging data set for the GSQ MT Whelan wells and other surrounding wells if 

available. 

4. Do an outcrop survey of the area looking for evidence of hydrocarbon saturations in both 

the mid Cambrian and Ordovician potential source rock reservoirs. 

  



DSWPet Pty Ltd.                                                                                                                                        Page 3 
 

 
 

 

Contents 
Executive Summary ................................................................................................................................. 1 

Introduction and Objectives ................................................................................................................... 6 

Permit Location and Infrastructure ........................................................................................................ 7 

Geological Setting ................................................................................................................................... 8 

Structure ............................................................................................................................................. 8 

Current Geothermal Gradient ............................................................................................................. 9 

Stratigraphy and Formation summaries ........................................................................................... 10 

Petroleum Geology ............................................................................................................................... 19 

Hydrocarbon Occurrences ................................................................................................................ 19 

Source Rocks ..................................................................................................................................... 21 

Reservoirs .......................................................................................................................................... 25 

Conventional Reservoirs ............................................................................................................... 25 

Unconventional Reservoirs ........................................................................................................... 26 

Top Seals ........................................................................................................................................... 27 

Thermal Maturation Model .............................................................................................................. 28 

Reservoir Pressure ............................................................................................................................ 33 

Prospect and Leads ........................................................................................................................... 35 

Play Analysis .......................................................................................................................................... 36 

Conventional Reservoirs ................................................................................................................... 36 

Thorntonia Limestone Oil Play ...................................................................................................... 36 

Thorntonia Limestone Gas Play .................................................................................................... 37 

Coolibah – Kelly Creek Formations Oil Play .................................................................................. 38 

Coolibah – Kelly Creek Gas Play .................................................................................................... 39 

Inventory ....................................................................................................................................... 40 

Conventional Plays Resource Assessment .................................................................................... 40 

Unconventional Reservoirs ............................................................................................................... 41 

The Upper Marqua BCG Play Resource Assessment ..................................................................... 42 

Lower Marqua – Inca Shale Formation SRR Gas Play Resource Assessment ............................... 43 

Recommended forward exploration programme ................................................................................. 44 

References ............................................................................................................................................ 45 

Attachments .......................................................................................................................................... 48 

Attachment 1 - Well Data Review ..................................................................................................... 48 



DSWPet Pty Ltd.                                                                                                                                        Page 4 
 

 
 

Netting Fence 1 ............................................................................................................................. 48 

Ethabuka 1 .................................................................................................................................... 48 

GSQ Mt Whelan 1 & 2 ................................................................................................................... 49 

Mirrica 1 ........................................................................................................................................ 49 

Whiteley 1 ..................................................................................................................................... 50 

Gaudi 1 .......................................................................................................................................... 50 

Attachment 2 – Top Proterozoic Structural Map .............................................................................. 51 

Attachment 3 – Top Marqua Formation Structural Map .................................................................. 52 

Attachment 4 – Top Kelly Creek Structural Map .............................................................................. 53 

 

Tables 

Table 1 Hydrocarbon occurrences in the permit - gas (red) , oil(green), cuttings fluorescence(olive) 

and dead oil and bitumen(grey) ........................................................................................................... 19 

Table 2 Potential source rock horizons in the Permit (green) .............................................................. 21 

Table 3 Potential conventional reservoir (yellow) in Permit ................................................................ 25 

Table 4 Potential unconventional SRR (green) and BCG reservoirs (orange) in the Permit ................. 26 

Table 5 Potential top seals (grey) in the Permit ................................................................................... 27 

Table 6 Overpressured (orange) and potentially overpressured formations in the Permit ................. 33 

Table 7 Thorntonia Limestone Gas Play - Petroleum System Analysis ................................................. 37 

Table 8 Kelly Creek Oil Play - Petroleum System Analysis .................................................................... 38 

Table 9 Kelly Creek Gas Play – Petroleum System Analysis .................................................................. 39 

Table 10 Conventional Plays Prospect and Lead inventory .................................................................. 40 

Table 11 Inputs for the probabilistic upper Marqua BCG play resource assessment........................... 42 

Table 12 Inputs to Probabilistic Resource Model for Marqua – Inca SRR ............................................ 43 

 

  



DSWPet Pty Ltd.                                                                                                                                        Page 5 
 

 
 

Figures 

Figure 1 ATP 659 Permit Location Map .................................................................................................. 7 

Figure 2 Location of the ATP 659 P and regional structural elements ................................................... 8 

Figure 3: Cambrian Source rock maturity (Tmax) and Geothermal Gradient -Southern Georgina Basin 

(Ambrose et al., 2001 .............................................................................................................................. 9 

Figure 4 GSQ Georgina Basin Stratigraphy ........................................................................................... 10 

Figure 5 X section Marqua Formation - Mirrica 1 to QSQ Mt Whelan ................................................. 12 

Figure 6 Seismic Section of the Marqua Fm in Toko Syncline showing internal architecture .............. 13 

Figure 7 Seismic section through Toko Syncline Showing change of lithotype and seismic signature 

coincident with the top Kelly Creek Formation ( Blue horizon) and the absence of the Toko Syncline 

at this time. ........................................................................................................................................... 15 

Figure 8 Seismic section showing Mithica angular unconformity-Flattened on top Marqua (Green) 

horizon. ................................................................................................................................................. 17 

Figure 9: Arthur Creek and Thorntonia Core Samples from Owen 3 (Corelab 2012) ........................... 22 

Figure 10 :Potential source rocks Queensland Georgina Basin (TOC V Depth) .................................... 23 

Figure 11: Potential source rocks Georgina Basin, Jackson 1982 GA- Geochemical evaluation of 

petroleum potential--Toko Syncline ..................................................................................................... 23 

Figure 12 Potential Source Rocks Mount Whelan 2 HYLOG data - Nora Formation ............................ 24 

Figure 13 Oil and Gas windows with corresponding temperature and vitrinite reflectance ............... 28 

Figure 14  Thermal Maturity Estimate Comparison for the Southern Georgina Basin ( Geothermal 

Grad vs Glikson 1999) ........................................................................................................................... 29 

Figure 15 Geohistory plot for the Toko syncline –Ambrose et.al. 2001. .............................................. 30 

Figure 16 Depth vs Organic maturity Plot ( data from Glikson1999).................................................... 31 

Figure 17 Ordovician sediments organic maturity model .................................................................... 32 

Figure 18 Mid Cambrian sediments organic maturity model ............................................................... 32 

Figure 19 Prospects and Leads map superimposed on Ethabuka TWT Map-  R Meaney 2009 ........... 35 

Figure 20 Thorntonia Limestone maturity model based on top Proterozoic structure map. .............. 36 

Figure 21 Thorntonia Limestone maturity model based on top Proterozoic depth map ..................... 37 

Figure 22 Top Kelly Creek Formation maturity model based on Top Kelly Creek Formation structure 

map ....................................................................................................................................................... 38 

Figure 23 Top Kelly Creek Maturity Model based on top Kelly Creek Formation structural map ........ 39 

Figure 24 Upper Marqua BCG Play distribution map ............................................................................ 42 

Figure 25 Area of Marqua - Inca SRR Gas play ATP 659 P ..................................................................... 43 

 

 

  



DSWPet Pty Ltd.                                                                                                                                        Page 6 
 

 
 

Introduction and Objectives 
 

DSWPet Pty Ltd was commissioned to conduct a bottoms up review of the data relevant to assessing 

the potential of the ATP 659 P Petroleum Licience (The Permit) in South West Queensland, Australia. 

The review was to designed to go back to basic data such as the mud logs and to integrate the 

geological and seismic data on a Kingdom software platform. 

The objectives of the project were to: 

1. Provide an integrated data set on a software platform that would allow for 

 an in depth assessment of the present data set 

 allow for ongoing additions of new seismic and well data sets 

2. Identify the best potential plays in the acreage 

3. Provide a prospective resource assessment where justified  

4. Recommend a forward exploration program 

 

The review has gathered a comprehensive data set on the Kingdom Platform which is now available 

to the client. Whilst there has been a considerable amount of work on loading seismic without 

location data and digitizing of non-digital data such as well logs it is not intended to discuss these 

issues. Nor is it intended or appropriate to discuss the details of the more esoteric (academic) 

aspects of stratigraphy and or structural geology. The report will concentrate on discussing what is 

required to justify the potential plays identified and provide a recommendation for the forward 

program. 
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Permit Location and Infrastructure 
The Georgina Basin is a large early Palaeozoic Basin in Central Australia that straddles the Northern 

Territory and Queensland border between and Mount Isa and Alice Springs. The ATP 659 P 

Petroleum exploration permit is in the south eastern portion of the basin, called the Southern 

Georgina Basin. The Permit includes a portion of the Toko Syncline and the Bradley Shelf Structural 

provinces of the basin. 

The area is adjacent to the Cooper Basin to Mt Isa gas pipeline and thus is connected to the east 

coast gas market and to the local mining industry where several large scale and world class mining 

projects are currently underway. The area is serviced by several major sealed highways and a railway 

line into Mt Isa from the east coast. 

The permit area is in an area of Australia where there is a very low population density and where the 

land is used exclusively for very large scale low density cattle grazing and or mining. 

 

Figure 1 ATP 659 Permit Location Map. 
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Geological Setting 

Structure 
The south-eastern portion of the Georgina Basin has a thick section of Cambro – Ordovician 

sediments bounded on the north-east by the Mt Isa block of Proterozoic sediments and to the south-

west by the Pre Cambrian Arunta Block. The ATP 659 P permit contains parts of the Toko Syncline 

and the Bradley shelf as well as north trending offset in the Seebase signature of the Toko Syncline 

which forms the boundary between the Boulia and Bradley Shelfs. 

The location of the permit in relation to the regional structural elements on the magnetic and 

Seebase data is illustrated in Figure 2 . 

 

Figure 2 Location of the ATP 659 P and regional structural elements. 

The Toko Syncline in an elongated south-easterly plunging feature that is bounded to the south west 

by the Toomba Fault complex which abuts Cambro Ordovician sediments against the Precambrian 

metamorphics of the Arunta Block. The southern edge of the Toko Syncline is located where the 

Toomba Fault is terminated against the major north-east trending faults which form the southern 

edge of the Mount Isa Block. 
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There is a regional thickening of Cambro - Ordovician and Devonian sediments towards the south-

east sub parallel to Toomba Fault which indicates the basin depocentre during that time was to the 

south of the permit area. This trend combined with the abrupt westward termination of Cambro - 

Ordovician sediments against the Toomba fault suggests the extent of the basin during that time was 

not confined to the south west by the Toomba Fault as it is today and that the present day Toko 

Syncline was not present during deposition of the Cambro - Odovician rocks. Similarly there is little 

indication of the presence of the Bradley and Boulia Shelfs during deposition of the Cambro –

Ordovician sediments. Indeed the so called shelfs appear to be simply the south-western limb of the 

Smoky Anticline that runs adjacent and parallel with the Toko Syncline. 

The current structural elements of the Toomba Fault, the Toko syncline and the Smokey anticline, 

are all due to the Alice Springs Orogeny and appear to have little to no effect on the depositional 

patterns or architecture of Cambro - Ordovician sediments in the Georgina Basin. 

Thus the geometry of the Cambro - Ordovician Basin is unknown at this stage and paleogeographic 

maps of the formations present are impossible to construct with any reliability. 

 

Current Geothermal Gradient 
The current geothermal model for the Georgina Basin by Ambrose et al 2007 (Figure 3), which is 

based on well data, shows the gradient ranging from 20oC/Km to 30oC/Km. This is in the normal 

range for Central Australia  (25-30oC/Km).  

The current geothermal gradient for the ATP 659 P permit is assumed to be similar. 

 

Figure 3: Cambrian Source rock maturity (Tmax) and Geothermal Gradient -Southern Georgina Basin (Ambrose et al., 2001 
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Stratigraphy and Formation summaries  
The current regional stratigraphic models for the Toko Syncline and Bradley Shelf areas is presently 

confused and contradictory despite having outcrop of many of the units in the near vicinity and with 

seismic and well control. There are multiple names for the same horizons depending on the author 

concerned and this situation has persisted for some time throughout the literature. The structural 

complexity of the area is certainly a contributing factor to this situation, however it is not within the 

scope of this study to unravel it. Thus it is necessary to use a model that is relatively recent and also 

best reflects the local well and seismic information. 

Note : Recent seismic and drilling by Central Petroleum will become available shortly and this may 

assist greatly in the unravelling of the local stratigraphic and depositional model.  

The model chosen is that proposed by the Queensland Geological Survey (GSQ) (Figure 4) for the 

western Toko Syncline except for the base of the middle Cambrian section where the Inca Shale and 

the Thorntonia Limestone are preferred to the various members of the Hay River Formation 

currently on the GSQ model. 

l.  

Figure 4 GSQ Georgina Basin Stratigraphy 
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A summary of the geology of the sedimentary formations present in the ATP 659 P permit area is as 

follows: 

The PROTEROZOIC (Basement). The section below the Early Cambrian is considered in this area as 

being economic basement. 

The EARLY CAMBRIAN. No early Cambrian sediments have been encountered to date in the wells 

drilled in the area. 

The THORNTONIA LIMESTONE (Middle Cambrian) is a regionally pervasive dolomitic limestone with 

minor amounts of black shale. It was deposited in peritidal to restricted subtidal environment (de 

Kayser and Cook 1972) during a transgression. Regionally it lies unconformably on Early Cambrian 

and older rocks. 

The top of the Thorntonia is considered to have been subareally exposed and a regionally pervasive 

kastic surface is likely to be developed (Southgate and Shergold 1991). This section is therefore 

considered to have good reservoir potential. 

The base of the section is generally sandy and the top of the unit is likely to phosphatic. 

The INCA SHALE (Middle Cambrian) is a thin (87 ft ),distinctive, high gamma, grey to black, organic 

rick shale which is present in both Mirrica 1 and GSQ Mt Whelan 2. It unconformably overlies the 

Thorntonia Limestone . Thus it is both a potential source and a seal for a conventional reservoir play 

in the Thorntonia Limestone. 

The Inca shale was deposited in deep water, anoxic conditions as part of the regional and first 

marine transgression in the Cambrian into the Georgina Basin. It transitions conformably into the 

siltstones of the Marqua Formantion. 

The MARQUA FORMATION (Middle Cambrian) is a thick (2500ft) section of thinly bedded calcareous 

argillaceous siltstones showing an upwards increase in the carbonate fraction.( Ambrose and 

Putnam 2007) have described a depositional model where the deep water (outer ramp) marine 

anoxic conditions are transitional to increasingly oxygenated mixed carbonate and clastic middle 

ramp sediments and then capped by near shoreline massive limestones. 

The cross section between Mirrica and GSQ Mt Whelan 1 ( Figure 5) shows that whilst the gamma 

ray profiles for the Lower Marqua are identical in these wells, the lithofacies logged by the well site 

geologists are significantly different. In Mirrica 1 the lower Marqua sediments are dominantly 

calcareous siltstones with a high organic content, whereas in Mt Whelan the section is shown as 

exclusively limestone. This fits with the model proposed by Ambrose and Putnam where carbonate 

sediments are being deposited on a shelf (inner ramp) whilst the lateral siltstone and shale 

equivalents are being deposited in the outer ramp now co incident with the Toko Syncline. This 

model also accords with the non contemporaneity of phosphatic lithotypes in the Marqua proposed 

by Southgate and Shergold 1991. Thus the data available suggests there is a shelf edge somewhere 

between Mirrica 1 and GSQ Mt Whelan 1. 
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Figure 5 X section Marqua Formation - Mirrica 1 to QSQ Mt Whelan 

The model of a the middle Cambrian Marqua Formation as a mosaic of repeating lithofacies and 

biofacies is clearly supported by the seismic in this area of the Toko Syncline.  Examination of the 

seismic sections shows clearly 2 different orders or scales of large scale forsets in the Marqua 

section around Ethabuka 1 (Figure 6).  

Neither the well formation thickness nor the seismic interval thickness changes north east across the 

Toko Syncline from Mirrica 1 to GSQ Mt. Whelan 1. This means the shelf edge indicated is an internal 

depositional feature on a much broader structural feature than the present confines of the Toko 

Syncline. 
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Figure 6 Seismic Section of the Marqua Fm in Toko Syncline showing internal architecture 

 

The implication of this architecture is that lateral continuity of individual source and or reservoir 

lithotypes at scales seen on the seismic sections is likely to be poor. 

The Marqua Formation is clearly gas saturated throughout in Mirrica 1 (headspace gas analysis) and 

rockeval pyrolysis shows elevated TOC and Hi indicative of a Type I to II source rock throughout the 

whole Marqua Formation. (Wiltshire 1978, Jackson 1982, Glikson 1999). This is not the case in Mt 

Whelan 1 where the limestones of the Marqua Formation (previously called the Georgina 

Limestone) only have a hydrocarbon odour, perhaps reflecting the dramatic change in lithotypes 

present. 

The location of the previously mentioned shelf edge in the Marqua between Mirrica 1 and GSQ Mt 

Whelan 1 will have a significant bearing on the hydrocarbon prospectivity of the Marqua section in 

this permit. 

The ARRINTHRUNGA FORMATION (Middle to Late Cambrian) conformably overlies the Upper 

Marqua Formation and represents the presence of open marine shelf conditions. In Mirrica 1 an 

upper and lower section of massive dolomites are separated by a middle section dominated by 

limestone. There are no nearby wells to correlate with Mirrica 1, however the layered seismic 

character is persistent throughout the study area indicating good continuity of lithotype. 

It is not possible to reliably delineate whether the Arrinthrunga in Mirrica 1  is a lateral equivalent to 

the upper Marqua (Georgina Limestone) in Mt Whelan 1 or whether it has been eroded. To the 

north- west of the GSQ Mt Whelan 1 well, as part of the northerly plunging nose of the Smokey 
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anticline, the Georgina limestone outcrops over a significant area indicating it persisted well to the 

north and west of the Mt Whelan 1 well location. 

There are no reports of significant sections of source rock in the Arrinthrunga Formation. There is 

potential for reservoir development adjacent to the reported unconformity with the overlying 

Ninmaroo however this reservoir development is not identified in the current wells. 

The NINMAROO FORMATION (Cambro –Ordovician) The carbonates and clastics (sandstones and 

siltstones)of this formation unconformably overlies the Arinthrunga formation and the section in 

Mirrica 1 correlates well with the gamma ray and lithotypes in Mt Whelan 2. The formation was 

deposited in a shallow marine environment (glauconitic sandstones) with occasional lagoonal 

conditions (red brown shales and rare varicoloured limestones and dolomites (Mirrica 1 WCR). 

Cadart 1977 mentions a disconformable relationship with the Arrinthrunga in outcrop however this 

is not apparent in the wells or on the seismic in the permit area. Ambrose et al 2001 equates this 

unconformity to the late Cambrian Delameran Orogeny. 

Core analysis of a single dolomitic, calcareous sandstone by Radke 1980 indicates good conventional 

reservoir porosity and permeability therefore the Nimaroo should be considered as a potential 

reservoir section. This reservoir could well be related to the unconformity at the top of the 

Ninmaroo reported by Draper 2007 and the presence of a karst surface. 

Source rock analysis by Jackson 1982 indicates generally the Ninmaroo Formation has very limited 

source rock potential. 

Whilst the seismic available is of variable quality, in general the seismic character of the Ninmaroo 

Formation shows good lateral continuity throughout the permit area indicating uniform depositional 

conditions. 

The KELLY CREEK FORMATION  (early to middle Ordovician) consists of dolomitic limestone, dolomite 

and sandstone deposited in a shallow marine environment. 

Whilst the electric log signature in Mirrica 1 matches closely with that present in GSQ Mt Whelan 2 

there is significantly more dolomite in the latter. Also the formation thickness thickens marginally 

toward the latter, further indication that the configuration of the Toko synline was not present at 

this time. This is supported by the seismic which shows no evidence of the presence of the Toko 

Syncline at this time. (Figure 7) 

There is a significant character change in the seismic signature coincident with the top of the Kelly 

Creek and Coolibah Formations that is reflected in the change from dominantly carbonate sediments 

to detrital siltstones, shales and occasional sandstones (Figure 7). 

Core analysis by Radke 1980 of the calcareous dolostones in GSQ Mt Whelan 2 show clearly the good 

reservoir potential of the Kelly Creek. 

The COOLIBAH FORMATION (early to mid Ordovician) is a relatively thin (200 ft – 60 m) limestone 

unit overlying the Kelly Creek Formation which was deposited under shallow marine inner shelf 

conditions (Mirrica WCR). 
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The lithostratigraphic and seismic correlation between the wells across the Toko Syncline is good 

and again the relatively uniform thickness indicates a broad shelf stretching across the present day 

Toko Syncline. 

The Coolibah is a potential reservoir formation because it flowed at 200 mcfd in the Ethabuka 1 well. 

 

Figure 7 Seismic section through Toko Syncline Showing change of lithotype and seismic signature coincident with the top 
Kelly Creek Formation ( blue horizon) and the absence of the Toko Syncline at this time. 

 

The NORA FORMATION (early - middle Ordovician) conformably overlies the Coolibah Formation and 

consists of mainly silty shales and siltstones with the carbonate content decreasing rapidly from the 

base upward. This trend is accompanied by a gradual decrease in the gamma ray indicating a clear 

upward coarsening cycle culminating in the Sandstones of the overlying Carlo Sandstone. The 

formation was deposited in shallow marine to tidal conditions. 

Again the formation thickens gradually to the northeast across the present day Toko Syncline and 

terminates abruptly against the Toomba Fault (Figure 7). 

Core analysis by Radke 1980 indicates the Nora Formation is a potential reservoir whereas the 

summary by Wiltshire 1978 and the source rock analysis by Jackson 1982 indicate the Nora has poor 

source potential. Recent HYLOG analysis of the GSQ Mt Whelan 2 shows the presence of dark shale 

in the Nora Formation that indicate a high organic content. This is consistent with the relatively high 

gamma readings in the GSQ Mt Whelan 2, Ethabuka 1 and Mirrica 1 wells. The potential of this 

formation as a source rock deserves further investigation. 
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The CARLO SANDSTONE (early – middle Ordovician) is part of the upward coarsening cycle with the 

Nora formation and this profile is consistent with a barrier island depositional system. The lithotype 

is a white and pale red brown fine grained sandstone. 

As for previous formations the sediments of the Carlo Formation thicken towards the south and the 

east and are abruptly truncated by the Toomba fault to the south west. 

Whilst there is no analytical information currently available to quantify the reservoir qualities of this 

formation, barrier island sandstones provide highly productive hydrocarbon reservoirs throughout 

the world. 

The MITHICA FORMATION (early – middle Ordovician) consists of shales with minor siltstones and 

glauconitic sandstones. The formation has an upward coarsening profile, indicated by the Gamma 

log, and is overlain by the Ethabuka Sandstone. This very similar to the previous Nora to Carlo cycle 

and probably also represents an initial marine transgression thence a progradational sediment 

wedge culminating in a barrier island sandstone complex. 

Despite the gamma ray indicating high organic content, particularly in the lower third of the 

formation, this is not consistent with source rock analysis of outcrop samples reported by Wiltshire 

1978, where a maximum of 0.22 TOC was reported out of 18 samples. Given the difficulty in 

obtaining representative samples from outcrop in this area it is possible that the source potential of 

this formation has been overlooked. This thesis is supported by examination of core samples by 

Glickson 1999 which reports a sample from this formation (2870 ft) as being an organic rich shale. 

The seismic data indicates that there is a significant angular unconformity at, or close to, the top of 

the Mithica Formation. Given the sporadic quality of the seismic data available to date it is not 

possible to be sure exactly where in the sedimentary succession at either Mirrica 1 or Ethabuka 1 

this event correlates. Clearly the unconformity removes a major proportion of the Mithica and other 

Ordovician sediments to the northwest of Etahbuka 1 along the axis of the Toko Syncline (figure 8). A 

cross check with the outcrop geology published on the 1:250,000 series shows the Mithica is present 

to the north- west at Netting Fence 1 and to the north -east in the vicinity of GSQ Mt Whelan 1. 
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Figure 8 Seismic section showing Mithica angular unconformity-Flattened on top Marqua (green) horizon. 

This situation presents a logical bust for the current stratigraphic correlation between Netting Fence 

1 and Mirrica 1 and Ethabuka 1 respectively. However, it is irrelevant to this report and hopefully will 

be resolved in time with the acquisition and integration of recent drilling and seismic data in the 

area. 

The impact of this unconformity on the permit prospectivity is that this is the first concrete evidence 

of tectonism, perhaps the first stage of the ASO, in the area and that subareal weathering of rocks 

along the unconformity may result in epidiagenetic reservoirs (eg karstification) being developed in 

the truncated sub unconformity sediments of the Toko Group. 

The ETHABUKA SANDSTONE (early middle Ordovician) is reported as conformable on the Mithika 

Formation (see Figure 3) despite the angular unconformity described above. The seismic reflections 

from this formation appear to be conformable with the unconformity surface. 

The Formation is dominantly sandstone with minor siltstones and in the past has been made part of 

the Toko Group on the basis that the suit of heavy minerals was similar to the underlying members 

of the Toko Group. This does not accord with the seismic interpretation where the unconformity 

appears to separate the Ethabuka sandstone from the Mithica Formation and also to truncate that 

and other formations from the Toko Group. 

Regardless of the stratigraphic affiliations of the formation it is considered to have reservoir 

potential because of the significant flows of water which occurred whilst drilling this formation with 

air in Ethabuka 1. 

The CRAVENS PEAK BEDS (Devonian) are deposited post the Rodingan Movement of the ASO and 

have been described as synorogenic and a major loading interval by Ambrose pers comm. These 

beds thicken significantly into the Toko Syncline however it is uncertain whether this is due to 
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deposition into a basin corresponding to the Toko Syncline or erosion associated with later phases of 

the ASO and the base Mesozoic unconformity. 

The sediments are not considered to have reservoir potential. 

Mesozoic sediments of the Eromanga Basin are absent from the permit area.  
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Petroleum Geology 

Hydrocarbon Occurrences 
 

 

Formation Age Well Lithotype Evidence Show type 
Cravens Peak 
Beds 

     

Ethabuka 
Sandstone 

     

Mithaka  Ethabuka 1 Shaley 
siltstone 

Dead Oil Residual oil 

Carlo      

Nora  Ethabuka 1  Fluoresence,pyrobitumen Wet Gas 

  Netting Fence  Bitumen Residual oil 

Coolibah  Ethabuka 1  Gas Flow Migrated GAS 
(overpressured) 

  Ethabuka 1  Dead Oil ? 

Kelly Creek      

Nimeroo  Netting Fence 1  Bitumen Residual Oil 

Arrinthrunga  Netting Fence 1  Oily Patches Oil Show 

    Dry mud gas Migrated gas 

Upper Marqua  Mirrica 1  Dry mud gas 
Head space gas 

Gas (overpressured) 

  Netting Fence 1  Bitumen 
Dry mud gas 

Gas 

Lower Marqua  Mirrica 1  Dry mud gas 
Headspace gas 

Gas (overpressured) 

  Netting Fence 1  Dry mud gas Gas 

Inca Shale  Mirica 1  Dry mud gas 
Head space gas 

Gas 

Thorntonia Mid Camb     

Table 1 Hydrocarbon occurrences in the permit - gas (red) , oil(green), cuttings fluorescence(olive) and dead oil and 
bitumen(grey). 

 

Bitumen shows are commonplace throughout the Cambrian and Ordovician sediments in the 

Southern Georgina Basin. These are likely to represent the remnants of an initial phase of migration 

and accumulation in the Ordovician, later destroyed in the Devonian Alice Springs Orogeny rather 

than current source rock potential(Ambrose 2009). In the deeper parts of the Toko Syncline they 

could also be the remains of liquid hydrocarbons that have been converted to gas. 

The presence of live oil shows is limited to discrete intervals in the Arthur Creek Formation, and the 

Thorntonia Limestone, in wells in the oil mature window. (Bradley 1, Owen 2, and Todd 1). These oil 

shows are part of the current petroleum systems and are the result of migration from the three 

families of Cambrian source rocks identified by Ambrose and Boreham 2007. 

Drilling mud gas shows are limited to the Marqua Formation and to wells located in the Toko 

syncline area (Netting Fence 1, Todd 1, and Mirrica 1). Also in the Toko Syncline, headspace gas 

analyses from cuttings in Mirrica 1 show high gas readings throughout the whole Marqua (Arthur 

Creek) and Inca shale section. 
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Gas has flowed from Ethabuka 1 from the Coolibah Formation however this appears to have been 

sourced from the Marqua formation (Ambrose pers comm.). 

Recently Central Petroleum has reported gas desorption from tight Cambrian sediments in the Gaudi 

1 well. The nature of the gas hasn’t been reported as yet. 

 

Summary 

There are sufficient hydrocarbon shows to indicate that ATP 659 P has been part of an active 

hydrocarbon system. The predominance of gas in live hydrocarbon shows and flows indicates that 

this province is likely to be gas prone. The widespread occurrence of bitumens and sometimes 

residual oil shows indicates that a significant oil generation and migration phase has occurred but 

that in the wells drilled to date these liquid hydrocarbons have escaped the conventional reservoirs 

and or been cooked to gas which has subsequently escaped. 

There are significant gas shows in tight gas reservoirs of the upper Marqua and in source rock 

reservoirs of the lower Marqua and Inca formations. These gas shows are associated with the drilling 

signatures of overpressured gas cells. 
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Source Rocks 
 

Formation Age Well Lithotype Evidence Type Rating 
Cravens Peak        

Ethabuka        

Mithaka Early Mid 
Ordovician 

Mirrica 1 Carbonaceous 
Shales 

Cuttings Glikson 
Log interp 

Type l and 
ll 

Moderate 

  Ethabuka 1 Shaley Siltstone Log Interp ?  

Carlo       

Nora Early mid 
Ordovician 

Mirrica 1 Carb Shale Log interp ?  Possible 

  Ethabuka 1 Shaley siltstone Log interp ? Possible 

  GSQ Mt 
Whelan 2 

Dark shales HYlog images 
Log interp 

? Possible 

Coolibah       

Kelly Creek       

Nimeroo       

Arrinthrunga       

Upper Marqua       

Lower Marqua Mid 
Cambrian 

All study 
wells 

Interlaminated 
shale siltstones 
and sands 

Geochem  _GA 
Headspace gas 
analysis 

Type l and 
ll 

Excellent 

Inca Shale Mid 
Cambrian 

All study 
wells 

High gamma 
siltstone and 
shale 

Geochem GA 
Headspace gas 
analysis 

Type l and 
ll 

Excellent 

Thorntonia       

Table 2 Potential source rock horizons in the Permit (green) 

 
Primary source rock pods 

From the existing data set across the Georgina Basin, the best source rocks in the Southern Georgina 

Basin occur in the Lower Arthur Creek Formation especially in the lower “hot shale” facies. This shale 

has TOC readings up to 16% and type I/II microbial organic matter with high initial hydrogen indices 

(HI). These sediments also have high concentrations of insitu gas as demonstrated by the head space 

gas analysis in Mirrica 1. 

 

Figure 9 shows some of the latest data available for the Arthur Creek and Thorntonia Limestone in 

the Toko Syncline. It indicates a spread of source rock types (mostly I and II) and maturities typical 

for the greater Georgina Basin. It also shows that these source rocks have similar Rock Eval 

characteristics to other shale gas and oil reservoirs worldwide.  
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Figure 9: Arthur Creek and Thorntonia Core Samples from Owen 3 (Corelab 2012). 

 

Boreham and Ambrose conducted a detailed study on the hydrocarbons present and concluded that 

there were 3 families present, the Thorntonia, the Arthur Creek and the Hagen Member . These 

horizons form the source pods for 3 petroleum systems ( Boreham and Ambrose, 2007). Both the 

Thorntonia and the Arthur Creek petroleum systems are likely to be present in the Queensland 

Georgina Basin. 

Secondary source rock pods 

Figure 10 is a plot of TOC vs Depth for the Queensland Georgina Geochem data set, coded on a 

Formational Basis. Using a cutoff of 0.5 % Total Organic Carbon (TOC) 6 potential source rock 

intervals are identified in the following formations 

1. Coolibah Formation (early Ordovician). 

2.  Ninmaroo Formation (Cambro -Ordovician). 

3. Arrinthrunga Formation (late Cambrian). 

4. Upper Arthur Creek  ( Marqua  mid Cambrian). 

5. Lower Arthur Creek (Marqua / Inca Shale – mid Cambrian). 

6. Thorntonia Formation (early mid Cambrian). 

7. Proterozoic Undifferentiated (P). 
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Figure 10 :Potential source rocks Queensland Georgina Basin (TOC V Depth). 

 

Source rocks are also present in the Thorntonia Limestone and to a lesser degree the Hagen member 

(Boreham and Ambrose, 2007). 

A BMR study (Jackson  1982) of core samples from Mt Whelan 1 and 2 indicated Cambro-Ordovician 

sediments were poor source rocks whereas the mid Cambrian samples were rated as good to very 

good source rocks. 

 

Figure 11: Potential source rocks Georgina Basin, Jackson 1982 GA- Geochemical evaluation of petroleum potential--Toko 
Syncline. 
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The new HYLOG data (Figure 12) provides some valuable insights into the possibility of Ordovician 

source rocks. The logs from Mt Whelan 2 show clearly the high black shale content of the Nora 

Formation. This, along with the high gamma well logs indicates that the formation may have 

unrealised source rock potential.  

 

Figure 12 Potential Source Rocks Mount Whelan 2 HYLog data - Nora Formation. 

Summary 

Whilst there are numerous thin horizons capable of generating hydrocarbons, there are only 3 

areally pervasive potential source pods that are thick enough to generate substantial amounts of 

hydrocarbons in this permit. These are: 

1. The Inca - Lower Marqua Formation 

2. The Nora Formation 

3.  The Mithica Formation. 

The potential source rocks in ATP 659 P are dominated by saprophylic (Marine) source material so 

are anticipated to be oil and wet gas prone. 

The mid Cambrian Inca/Marqua formations are considered to be a single source pod since they are 

adjacent. This source pod is a proven generator of hydrocarbons and very large volumes of 

hydrocarbons have been attributed to them by numerous authors (Sibgeo, 1991,1992). 

In contrast the Ordovician Nora and Mithica Formations have been ruled out as potential source 

intervals by previous studies. However, given the limited number of samples studied, the recent 
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information from Hylog data and cuttings and core sample descriptions provided on mudlogs and in 

geochemical analysis, the author find this judgement difficult to support at this time. 

It is recommended that more samples be analysed in these formations. 

Reservoirs 

Conventional Reservoirs  
 

Formation Age Well Lithotype Evidence Rating 
Cravens Peak  Devonian     

Ethabuka  Ordovician Ethabuka 1 Sandstone DST – Strong water Flow Good 

Mithaka Ordovician  Cavernous Dolomites Seismic unconformity Poor 

Carlo Ordovician  Sandstone Possible Barrier Bar Fair 

Nora Ordovician     

Coolibah Ordovician Ethabuka 1  Gas flow 200mcfd Good 

Kelly Creek Ordovician GSQ Mt 
Whelan 2 

Calc Dolostone Core analysis (Radke) Very 
good 

Nimeroo Cambro 
Ordovician 

GSQ Mt 
Whelan 2 

Dol,Calc Sandstone Core analysis (Radke) Very 
Good 

    Draper 2007 
Karstification 

Fair 

Arrinthrunga Late 
Cambrian 

    

Upper Marqua Mid Camb     

Lower Marqua Mid Camb     

Inca Shale Mid Camb     

Thorntonia Mid Camb     

Table 3 Potential conventional reservoir (yellow) in Permit. 

Radke 1980 measured excellent conventional reservoir porosity and permeability in dolostones of 

the Coolibah Formation and the Kelly Creek in GSQ Mt Whelan 2. Strong water flows whilst air 

drilling indicated excellent permeability in the Ethabuka Sandstone in Ethabuka 1. 

The gas flow of 200mcfd from the Coolibah/Kelly Creek in Ethabuka 1 does not indicate commercial 

reservoir conditions but given the circumstances where the gas had to flow against a full fluid head 

whilst the well was undergoing a fishing operation this interval can be classified as a zone for a 

potential commercial conventional reservoir. 

Summary 

The formations that have been identified as potential conventional reservoir sections have been 

subject to a long process of burial and uplift and therefore they are extremely unlikely to retain any 

more than a vestige of their initial porosity and permeability. Invariably where porosity and 

permeability is present it is due to processes which can reverse this process of lithification. 

Therefore the development of commercial porosity and permeability will be related to major post 

depositional events such as fracturing, dolomitization, sub aerial weathering on unconformity 

surfaces and circulation of hydrothermal fluids. 

The reservoirs encountered to date in the Thorntonia, Coolibah, Kelly Creek, Nimaroo and Ethabuka 

can all fall into one or more of these categories. It is these horizons that are considered to provide 
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the best opportunities for conventional reservoir development. The potential for the Carlo 

Formation to be a commercial reservoir is considered very limited due to advanced lithification. 

 

Unconventional Reservoirs 
Formation Age Well Lithotype Evidence Play Type Rating 
Cravens Peak        

Ethabuka        

Mithaka Early Mid 
Ordovician 

   SRR Possible 

Carlo       

Nora Early mid 
Ordovician 

   SRR Possible 

Coolibah       

Kelly Creek       

Nimeroo       

Arrinthrunga       

Upper Marqua     BCG Likely 

Lower Marqua     SRR Proven 

Inca Shale     SRR Proven 

Thorntonia       

 

Table 4 Potential unconventional SRR (green) and BCG reservoirs (orange) in the Permit. 

Unconventional reservoirs such as the Eagle Ford Shale, the Barnett Shale and the Marcellus Shale 

are classified as source rock reservoirs(SRR). In their case the resource is contained in the rocks that 

also were the source for the hydrocarbons. Closely associated with these resource plays is the Basin 

Centred Gas play (BCG) in the Meserverde of the Piceance and Green River Basins where extremely 

large gas resources are present in interbedded source rocks and tight reservoir sandstones. None of 

these acumulations are captured by buoyancy forces and all of these plays are in extremely poor 

permeability reservoirs, which are commercialised by horizontal drilling and multi stage fracture 

stimulation. 

Thus the potential source pods recognized in the previous section on that subject are prime 

candidates as potential SRR. Obviously given the standout source characteristics of the Inca – Lower 

Marqua Formation, this section has the highest potential for a SRR. However, good SRR are not 

always the best source rocks as storage capacity and mechanical properties are also important for 

commercial success in SRR’s. 

Summary 

In this permit it is considered that unconventional SRR are likely in the middle Cambrian Inca Shale 

and lower Marqua Formation and are a possibility in the Ordovician Nora and Mithica Formations. 

Also a potential BCG reservoir is predicted to be likely in the upper Marqua Formation.  

 

 



DSWPet Pty Ltd.                                                                                                                                        Page 27 
 

 
 

Top Seals 
Formation Age Well Lithotype Evidence Rating 
Cravens Peak 
Beds 

     

Ethabuka 
Sandstone 

     

Mithaka Ordovician All wells Shaley Siltstone Litho descriptions 
Log Interp 

Poor 

Carlo      

Nora Ordovician All wells Shaley Siltstone Litho descriptions 
Log Interp 

Poor 

Coolibah      

Kelly Creek      

Nimeroo      

      

Arrinthrunga      

      

Upper Marqua      

Lower Marqua      

Inca Shale Mid Camb Al wells Carbonaceous silty 
shale 

Litho descriptions 
Log Interp 

Poor  

Thorntonia      

 

Table 5 Potential top seals (grey) in the Permit. 

Given the age of the sediments involved and their long history of lithification and poroperm 

destruction, most lithotypes should be now be vertical migration seals. However in the cores there is 

ample evidence of fracturing. This is largely associated with The Alice Springs Orogeny, which 

occurred after the major phases of sediment lithification, hydrocarbon generation and migration. 

Fracturing of the sediments associated with this tectonic event is likely to have caused top seal 

breach and significant vertical escape of hydrocarbons from conventional buoyancy traps. If present 

at all, effective top seal will be present in the more competent (less brittle) shaley rocks. 

Summary 

There isn’t enough data available to reliably determine the extent of fracturing in the seal lithotypes. 

The considerable age of the sediments in the Georgina Basin, the extent of their structuring, uplift 

and unroofing indicates a lack of effective top seals is very likely to be widespread in this province. 

The more shaley lithologies are the most likely to maintain seal integrity therefore the most likely 

top seals are in the mid Cambrian Inca Shale and the Ordovician Nora and Mithica Formations. 
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Thermal Maturation Model 
 

Based on the geothermal gradient (25 to 30 oC /Km) the minimum depth to the top of the oil window 

(at 70oC = 0.6VRo) would approximate 5,900 ft KB. Using a geothermal gradient of 30C/Km the 

maximum depth to the top of the gas window (at 140 oC = 1.2VRo) would be approximately 12,460 ft 

KB. (Figure 13) 

 

 

 

Figure 13 Oil and Gas windows with corresponding temperature and vitrinite reflectance. 

 

Comparing this data with the VRo measured by Glikson 1999, in three wells in the Toko syncline 

(Figure 14), the maturities present are considerably elevated from those that would be expected by 

the current geothermal model. In Mirrica 1, the well is in the mature gas regime based on the Ro 

Alginite data whereas based on the current geothermal gradient it should be in the oil column. The 

Brothers 1 well is gas mature based on the Ro Alginite, but at the current temperature would be 

immature. In Netting Fence 1 the difference between the thermal maturity of the Marqua  and its 

current temperature is less apparent. 

 

Immature 

Oil Window 

window 

Gas Window window 

1800 m 

3800 m 
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Figure 14  Thermal Maturity Estimate Comparison for the Southern Georgina Basin ( Geothermal Grad vs Glikson 1999). 

 

This analysis indicates a considerable amount of un-roofing of the basin has occurred and that the 

maturity model, whilst conforming with current structural shape, is not controlled by the present 

geothermal gradient. Thus the distribution of the maturity for the target horizons must be derived 

from a model based on measurements of reflectance and or Tmax values from the Rock Eval data.  

A literature search has revealed the only publically available basin modelling for the Toko Syncline 

was done by Ambrose et al 2001 as part of a Southern Georgina Basin petroleum prospectivity 

review (Figure 15). This geohistory model predicts: 

1. The oil window ).(Ro 0.6 to 1.2) will occur.between 700m (2300ft) and 1800m (6000ft). 

2. The wet gas window (Ro 1.2 to 1.4) will occur between 1800m (6000ft) and 2200m (7200ft). 

3. The dry gas window (Ro 1.4 to 3.0) will occur below 2200m (7200ft) 

4. Peak oil generation for the mid Cambrian occurred in the Devonian prior to the ASO. 
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Figure 15 Geohistory plot for the Toko syncline –Ambrose et.al. 2001. 

This model correlates well with the organic maturity data measured by Glikson 1999 (Figure 16) in 

three of the Toko Syncline wells. Apart from one elevated maturity reading in the Inca Shale at 

10591ft, the data forms a relatively consistent trend with depth and the oil and gas generation 

windows concur with the Ambrose et al model. 



DSWPet Pty Ltd.                                                                                                                                        Page 31 
 

 
 

 

Figure 16 Depth vs Organic maturity Plot ( data from Glikson1999).   

Given the agreement of the two studies and recognizing the effect of significant uplift and 

unloading, the following depth /organic thermal maturity relationship is deemed reasonable for the 

ATP 659 P permit. 

Oil Window – 1000 to 5700 ft msl  

Wet Gas Window – 5700 to 6100 ft msl 

Dry Gas Window – Greater than 6100ft msl 

The implications of adopting this model is that in the Toko Syncline the excellent Middle Cambrian 

source rocks (Marqua Formation and Inca Shale) are mostly in the wet and dry gas window whereas 

the potential source rocks of the Ordovician (Nora and Mithica Formations) are less mature and 

more of the permit is in the oil window.(See figures 17 & 18). 
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Figure 17 Ordovician sediments organic maturity model 

 

 

Figure 18 Mid Cambrian sediments organic maturity model 
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Reservoir Pressure 
 

Formation Age Well Lithotype Evidence Rating 
Cravens Peak 
Beds 

     

Ethabuka 
Sandstone 

     

Mithaka      

Carlo      

Nora      

Coolibah Ordovician Ethabuka 1 Sandstone Gas flow against water  Moderate 

Kelly Creek      

Nimeroo      

Arrinthrunga      

Upper Marqua  Mirrica 1 Interlaminated shale 
siltstone sandstone 

Trip gas killed with inc 
from 9.2 to 9.4ppg 

 

Lower Marqua  Mirrica 1 Interlaminated shale 
and siltstone 

Trip Gas killed as above  

Inca Shale      

Thorntonia      

 

Table 6 Overpressured (orange) and potentially overpressured formations in the Permit 

 

Given the high thermal maturity of the Marqua sediments it is considered likely that at least 1 high 

pressure cell of gas exists in the Toko Syncline. Many examples of abnormal pressures are present in 

similar sediments within gas mature basins worldwide, with perhaps the best examples being the 

Rocky Mountain Laramide Basins such as the Green River, Piceance and San Juan Basins. These 

basins all have a large continuous and abnormally pressured gas cell in the deeper portion of the 

basin which is called a Basin Centred Gas Accumulation (BCG). They all have a similar unroofing or 

exhumation history to the Southern Georgina Basin and this sequence of structural events may well 

be the cause for the abnormal pressures encountered. Thus the potential for this type of 

accumulation has been carefully considered in this review. 

The well data especially the mud logs were closely examined to identify any sign of abnormal 

pressures. Evidence for overpressure was found in the Mirrica 1 well where an increase in 

background gas in the upper Marqua was accompanied with trip gas. The trip gas was still 

encountered when the well reached in the lower Marqua but was killed by increasing the mud 

weight from 9.2 to 9.4ppg. 

Evidence of overpressured gas was also found in Ethabuka 1 in the Ordovician Coolibah Formation 

where gas flows against a full water column were reported during fishing operations. 
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Summary 

 

The mid Cambrian Marqua and Inca Formations are expected to have an overpressured dry gas cell 

in sections deeper than approximately 6100ft. This is the equivalent of the dry gas window. In the 

Cooper Basin the tops of several overpressured BCG cells coincide with this level of thermal 

maturity. 

Whilst there are indications that the Ordovician may also have an overpressure cell starting at the 

same depth, 6100ft, the information available is not as reliable. 

  



DSWPet Pty Ltd.                                                                                                                                        Page 35 
 

 
 

Prospect and Leads 
Permit structure maps have been constructed by DSWPet on 3 horizons: 

1. Top Proterozoic. 

2. Top Marqua Formation. 

3. Top Kelly Creek. 

These maps are presented in attachments 2, 3 and 4. 

These maps were not able to define any large anticlinal rollovers within the Permit largely because 

of the pervasive and steep westerly dip from the Smokey Anticline into the Toko Syncline. 

A more detailed mapping of the area by R. Meany (Figure 19) has mapped several structural leads 

within the Permit. It is considered that these are valid one line rollovers that with further seismic 

may be revealed as drillable conventional anticlinal trap prospects. Thus these leads will remain on 

the conventional prospect inventory. 

 

Figure 19 Prospects and Leads map superimposed on Ethabuka TWT Map-  R Meaney 2009 
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Play Analysis 

Conventional Reservoirs 
In this province where there are abundant source rocks and opportunity for vertical migration the 

critical elements for play generation are: 

1. The likely presence of a productive reservoir.  

2. The likely presence of an effective seal directly above the reservoir.  

3. The likely presence of trap geometries either structural or stratigraphic. 

The potential conventional reservoirs intervals with all of the above elements are: 

1. The Thorntonia Limestone. 

2. The Coolibah - Kelly Creek Formations. 

Each of these potential conventional reservoir plays along with the critical elements is summarised 

as follows: 

Thorntonia Limestone Oil Play 
 

 

Figure 20 Thorntonia Limestone maturity model based on top Proterozoic structure map. 

Based on the predicted distribution of the organic thermal maturity window for this play there is 

effectively no Thorntonia Limestone Oil play in this permit. 
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Thorntonia Limestone Gas Play 
 

 

Figure 21 Thorntonia Limestone maturity model based on top Proterozoic depth map 

The majority of the permit lies within the gas maturity window for the Thorntonia Limestone, 

therefore the 6 structural leads identified in the permit area can be nominated as Thorntonia 

Limestone Gas targets. 

 

 

Table 7 Thorntonia Limestone Gas Play - Petroleum System Analysis 

The analysis in table 6 cannot identify any high risk associated with any of the critical elements or 

the timing of those elements thus the Thorntonia Limestone Gas Play is considered worthy of further 

investigation. Given the lack of certainty related to the structural mapping they will not be included 

in the resource assessment. None of the leads are considered as drillable at this stage.  
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Coolibah – Kelly Creek Formations Oil Play 
 

 

Figure 22 Top Kelly Creek Formation maturity model based on Top Kelly Creek Formation structure map 

 

Table 8 Kelly Creek Oil Play - Petroleum System Analysis 

Several of the structural leads coincide with the oil window predicted for this play, however the play 

analysis identifies the high risk associated with trap integrity because the ASO occurs after peak oil 

migration and generation of oil migration orogenic activity. This play is not considered worth 

pursuing and does not meet the criteria for inclusion in the resource inventory for this permit. 
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Coolibah – Kelly Creek Gas Play 
 

 

Figure 23 Top Kelly Creek Maturity Model based on top Kelly Creek Formation structural map 

 

Table 9 Kelly Creek Gas Play – Petroleum System Analysis 

All the mapped leads are considered prospective for gas including the leads in the oil window which 

are likely to contain wet gas. Late stage dry gas charge from mid Cambrian overpressured gas cells in 

the Toko Syncline are likely to contribute to the limited local source rock contribution of wet gas and 

oil from the Nora Formation which is also likely to remain as a competent seal. All mapped leads in 

this play are worthy of further consideration but given the current lack of certainty regarding 

structure they will not be included as part of the resource inventory for this permit. 
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Inventory 
The following conventional reservoir plays and associated structural leads are considered worthy of 

further consideration. 

Play Hydrocarbon Lead Rating 

Thorntonia Limestone Gas Devine Weak 

 Gas OHara Weak 

 Gas McDonnell Weak 

 Gas Hurson Weak 

 Gas Lynch Weak 

 Gas McElwee Weak 

Coolibah Kelly Creek Dry Gas Hurson Weak 

 Wet Gas Devine Weak 

 Wet Gas OHara Weak 

 Wet Gas McDonnell Weak 

 Wet Gas McElwee Weak 
Table 10 Conventional Plays Prospect and Lead inventory 

Mention has been made of possible Bioherms {Harrison 1979) and sub marine channels (Ambrose 

pers com) as possible targets for future exploration but neither of these plays were detected in this 

review of the present data set.  

 

Conventional Plays Resource Assessment 
 

Given the poor structural control on these leads they are all considered to be in the weak leads 

category and therefore at this stage a resource assessment is considered inappropriate. Further 

seismic is required to validate these weak leads. 
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Unconventional Reservoirs 
For these analyses the plays are divided into 2 broad categories: 

1. Tight Gas or Basin Centred Gas Plays (BCG) where the reservoirs are not source rocks but are 

closely adjacent or interbedded with them. 

2. Source rock reservoirs (SRR) where the reservoirs and source rocks are the same lithology 

Each of these categories has different critical elements considered as the minimum necessary for 

them to be included in a resource inventory. 

The minimum requirements for a BCG or tight gas plays are: 

1. Thick gas saturated intervals >300ft 

2. Reservoir with a minimum of 4% average porosity 

3. Large resource - minimum 100 wells (50,000 acres)  

4. Overpressure 

For a SRR the minimum requirements are: 

1. A source pod with sufficient source material to generate a substantial amount of 

hydrocarbons 

2. A source pod within the hydrocarbon generation window 

3. Hydrocarbon saturated interval of 100ft or more 

4. Reservoir has a low ductile clay content 

5. Large resource -minimum 100 wells (50,000 acres)  

The plays in ATP 659 P that meet either of these criteria are: 

3. The Upper Marqua BCG Play 

4. The Lower Marqua – Inca Formation SRR Gas Play  
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The Upper Marqua BCG Play Resource Assessment 

 

Figure 24 Upper Marqua BCG Play distribution map 

 

Table 11 Inputs for the probabilistic upper Marqua BCG play resource assessment 

The mean gas resource for the upper Marqua BCG play is 2.6 TCF.  This is equivalent to a mean yield 

of 28 BCF/section. In comparison similar BCG plays yields range from 100 BCF/section in the Barnett 

to 60 BCF/section in the Haynsville and 300 BCF/section in the Pinedale Field in the Green River 

Basin. 

The high degree of uncertainly currently associated with this assessment requires the resources to 

be classified as prospective. 
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Lower Marqua – Inca Shale Formation SRR Gas Play Resource Assessment 

 

Figure 25 Area of Marqua - Inca SRR Gas play ATP 659 P 

 

Table 12 Inputs to Probabilistic Resource Model for Marqua – Inca SRR 

The mean resource for this play is 5.2 TCF. This corresponds to a mean yield for this play of 55 

BCF/section. 

The high degree of uncertainly currently associated with this assessment requires the resources to 

be classified as prospective. 
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Recommended forward exploration programme 
 

The forward exploration programme should reflect: 

1. There is recent exploration data consisting of 2 petroleum wells and an extensive seismic 

survey in the adjoining acreage which is not included in this assessment. Some of these data 

will be available for public release shortly. 

2. Little of the publically available data, beyond some limited source rock studies, has been 

specifically gathered to address non conventional play types. 

3. There is nearby outcrop of potential Ordovician and Cambrian plays. 

The present suite of cores and HYLog data should be examined if possible for evidence of source 

rock reservoir potential using the latest technologies. 

Additionally, the new seismic data should be integrated with the existing data set to provide the 

most up to date evaluation of the formation structure in the permit. This may involve some 

reprocessing of selected lines from the pre existing data set. 

Consideration should be given to a data trade to get the new well data. 

Finally a field survey to examine outcrop of the target unconventional plays and potential plays in 

the Ordovician should be conducted. It is a rare opportunity to be able to check for such things as 

hydrocarbon seeps and hydrocarbon saturation of these sediments without drilling. To assume this 

has all been done before is not recommended given the recent change of exploration focus onto 

unconventional reservoirs. 
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Attachments 
 

Attachment 1 - Well Data Review 
The following is a synopsis of the well completion report summaries with additional comments 

where necessary if the original conclusions need to be challenged. 

 

Netting Fence 1  
Spudded on 20th September 1964 

P.A.P. Netting Fence No.1 was drilled as a stratigraphic test well on the Netting Fence Anticline, a 

positive structure within the Toko Syncline and was completed at a total depth of 6666 feet on 3rd 

December 1964. 

6590 feet of Ordovician and Cambrian sediments, mainly carbonates, were encountered overlying 

granite basement. Drill stem tests were carried out over two intervals, the first producing a strong 

flow of fresh water (D.S.T. No.1, 3518 to 3744 feet), and the second yielding only mud (D.S.T. No.2 

and D.S.T. No.3, 6536 to 6664 feet and 6530 to 6664 feet). Petroleum shows were numerous, mainly 

as solid bitumen, impregnating siltstone and carbonate rock in the Nora, Ninmaroo, Georgina and 

“Netting Fence” Formations. Whilst drilling the lower part of the “Netting Fence” Formation below 

5900 feet a constant gas background of 5 to 30 units was registered in the drilling mud. A gassy 

odour was also emitted by a vuggy dolomite core in the Georgina Limestone between 3620 and 3630 

feet (Core No.10) but D.S.T. No.1 covering this zone failed to produce gas.  

Twenty cores were cut during the drilling of the well and 158 feet of core removed.   

 

The well is not considered a valid structural test. 

 

Ethabuka 1  
Spudded on 22nd September 1973 

Ethabuka No.1 well, located on a large faulted anticlinal structure delineated by reflection seismic, 
was the first well to be drilled in the deeper southern portion of the Georgina Basin, within AP.160P. 
The well was spudded on September 22, 1973 and was programmed initially to 7500ft. with 
provision for deepening to 10,500’+. A 26” hole was drilled to 605’ then 20” casing run to 584’. A 17 
½” hole was then drilled to 2452’ and 13-3/8” casing set at 2532’. The remainder of the hole was 
drilled with a 12 ¼” bit. Mechanical problems were encountered in November 1973 at 6432 ft. 
(1960m), at which stage a fishing job commenced. Flooding of the area forced a temporary 
abandonment of the well in December 1973 and access was not restored until September 1974. 
Unsuccessful attempts to by-pass the fish led to abandonment of the hole in October 1974.  
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Sediments ranging from Cretaceous to Lower Ordovician in age were encountered, with an 
unconformity indicated at 2100ft. (640m) separating Palaezoic sediments from the overlying 
Cretaceous sequence of the Great Artesian Basin.  

A fair gas show was encountered in the Lower Ordovician Coolibah Fm., estimated at approximately 
200 MCF/D (open hole flow). Live oil shows were present in the Nora Formation and degraded oil 
shows in the Nora and Coolibah Formations. 

The well was not crestally tested nor did it reach the Cambrian and test that play. 

 

GSQ Mt Whelan 1 & 2 
Spudded on 25th July 1977 and 23rd September 1977  

Between July and November 1977, the Department of Mines drilled two deep stratigraphic bores in 
the Mount Whelan 1:250,000 Sheet area. The two holes provided a cored section through the 
southeastern Georgina Basin sequence, on the eastern flank of the Toko Syncline. Overlap between 
the two holes was not obtained and as a result the section from the upper Georgina Limestone to 
the lower Ninmaroo Formation was not cored. With this exception, a complete and virtually fully 
cored section was obtained from the Carlo Sandstone (Early to Middle Ordovician) to Proterozoic 
granitic basement. Together, the holes provided stratigraphic control for the Bureau of Mineral 
Resources, Geology and Geophysics, 1977 Georgina Basin Seismic Survey. Wireline logs obtained 
have been used in correlations with adjacent exploration wells. The strongest hydrocarbon 
indications came from the Coolibah Formation where bitumen fills pore space.  Micritic beds in the 
Georgina Limestone and Thorntonia Limestone exude a tarry Petroliferous odour when freshly 
broken. High concentrations of lead and zinc were measured in a sample from the lower part of the 
Thorntonia Limestone.  

 

Mirrica 1 
Spudded on 12th May 1980 

Mirrica-1 was drilled with Richter Drilling’s Rig No.7, a National 610. The well was spudded on 12th 
May 1980 and plugged and abandoned as a dry hole on 10th August 1980. The drilling took 22 days 
more than was anticipated. This was due primarily to an exceptionally slow penetration rate through 
silicified sandstones of the Toko Group, and partly by the necessity to control the rate of change of 
deviation of the hole. The problem was anticipated but bit performance nevertheless failed to reach 
that expected. Two fishing jobs resulted in only minor delay. One was for a lost cone, and one for 
four drill collars lost after a twist-off caused by a tool joint failure.  

An additional 8 days were spent conducting an intensive testing program after TD was reached. 
Deviation in the well increased slowly to the 8o to 10o range. This deviation was the result of a strong 
tendency for the bit to be deflected into the dip, which was of similar magnitude.  The deviation 
caused no problems with drilling, casing, coring, testing or logging.  

The well was drilled in a structurally high position on a large fault trap at the western margin of the 
Toko Syncline. The main objective was the Georgina Limestone carbonate sequence. This section 
had only poor secondary porosity and was water saturated. Primary porosity was general absent 
from all objective sections, in particular the Ninmaroo and the Kelly Creek Formations. No significant 
shows of hydrocarbon were observed above the Marqua Group.  
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Significant shows of gas were observed in the Marqua Beds. Primary porosity was absent but 
fracture porosity was present. An exhaustive testing program failed to reveal any zones with 
reservoir potential.  

The well reached total depth in a granite of pre-Cambrian age.  

 

Whiteley 1 
Spudded July 2014 

Drilling of the unconventional gas well, Whiteley-1, commenced on 20 July 2014. This well was the 

first of a two well programme of unconventional gas exploration operated by Central. The planned 

depth for this well was 1,920 metres but for operational reasons the well was suspended above the 

target section at 1,141 metres. 

Gaudi 1 
Spudded September 2014 

Drilling of the unconventional gas well, Gaudi-1, commenced 14 September 2014. As with Whiteley-

1, the primary objective was the Lower Arthur Creek Formation. A total of 282 metres of core were 

successfully retrieved from the Lower Arthur Creek Formation and Thorntonia Limestone, before the 

well reached a total depth of 2,430 metres in basement. Good gas shows were recorded in the 

Lower Arthur Creek Formation during drilling and selected core segments were placed into sealed 

canisters for desorption analysis, from which the adsorbed gas content of the Lower Arthur Creek 

Formation (Marqua) has been determined. A comprehensive wireline logging suite was run to TD 

and the well was cased and suspended. Ongoing integration of core and log data will progress the 

understanding of the unconventional potential of the Lower Arthur Creek Formation (Marqua). 

Central Petroleum reported both gas “popping” from the core as well as gas being desorbed from 

the middle Cambrian sediments. 
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Attachment 2 – Top Proterozoic Structural Map 
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Attachment 3 – Top Marqua Formation Structural Map 
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Attachment 4 – Top Kelly Creek Structural Map 
 

 


