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Abstract

Twenty-four samples provided by Geoscience Australia were analysed using screening methods to
provide a preliminary insight into the gas shale potential of the Amadeus and Georgina Basins,
Australia. Eleven samples from the Amadeus Basin include the Bitter Springs Formation (Late
Neoproterozoic), Lower Giles Creek Dolomite (Middle Cambrian), Goyder Formation (Middle
Cambrian) and Horn Valley Siltstone (Early Ordovician). Thirteen samples of core from the
Georgina Basin are from the Middle Cambrian, and most of them from the “hot shale” of the Arthur
Creek Formation. Results indicate that samples from both the Amadeus and Georgina basins have
high potential for gas shale.

AMADEUS BASIN

The Bitter Springs Formation, Lower Giles Creek Dolomite, and Goyder Formation are poor gas
shale candidates, based on the samples analysed here. Although they are characterised by high
Production Indices (PI) ranging from 0.24-0.50 (wt ratio), a generally positive signal for overmature
gas shales, the organic carbon contents are very low (in the range 0.07 to 0.16%), as are remaining
petroleum generating potentials (S2 yield is around 0.08-0.21 pg/g sample). Their free
hydrocarbons, as well as their pyrolysis products, consist mainly of gases. A wide range of Tmax
values (287-490°C) simply reflects the broad and irregular shape of the S2 peaks, the samples all
being overmature. The remaining gas yield potential of these samples is around 15 pg/g sample. Of
the three samples from the Horn Valley Siltstone analysed here, two (G006481 and G006482) might
have gas shale potential because of their high Total Organic Carbon (TOC) (3.16-3.42%), moderate
production index (PI ~ 0.2) and Tmax of 445-449°C (close to the minimum of 450°C). These two
samples can be classified as kerogen type II. Upon pyrolysis, they produce products signalling
Paraffinic-Naphthenic-Aromatic Low Wax Oil potential, but very close to the boundary with the gas
condensate field. Another sample (G006480) from the Horn Valley Siltstone, analysed to elucidate
shale gas characteristics where organic richness at a similar level of maturity was only moderate,
appears inherently gas-prone and to contain adsorbed gas. The remaining gas-generating potential of
G006481 and G006482 are 1775 and 2486 ng/g sample, respectively, and for the leaner sample
G006480 only 250 pg/g sample.

GEORGINA BASIN

In the Maclntyre 1 well, two samples (G006484 and G006485) have TOCs around 1%, and
Hydrogen Indices of 80 and 100 mg/g TOC, respectively, whereas the remaining two samples
(G006486 and G006487) have much higher organic carbon contents of 5.3-8.6%. The Hydrogen
Index values of the latter samples are around 70 mg/g TOC. The Tmax values range from 457-475°C
for four samples in this well, which is ideal shale gas potential. Pyrolysis shows samples G006484
and G006485 to be classified as gas- and condensate-prone, with total remaining gas generation
potential in each case amounting to 300 pg/g sample. This latter potential yield is significantly
smaller than that of samples G006486 and G006487, whose remaining gas yields are 1230 and 3181
png/g sample. Additionally, the free hydrocarbons in samples G006486 and G006487 consist of
paraffins below n-Cy thereby fulfilling an empirical prerequisite for gas shales. Samples from the
Baldwin-1 well have a high content of organic matter (TOC = 5.47-11%), Hydrogen Index in the
range 22-34 mg/g TOC and very high Tmax values (522-586°C). Their remaining petroleum
potential is for 660-1300 pg gas condensate /g sample. Three samples from the BMR Mt Isa-1
drillhole were analysed, and are all characterised by very low production indices (0.03-0.05 wt
ratio). Two of these samples (G006491 and G006492) have high organic carbon contents (TOC =
9.0 — 16.0%) and high petroleum-generating potential (HI ~ 600 mg/g TOC). They generate
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petroleum enriched in light hydrocarbons, even at low stages of thermal evolution. Remaining
primary gas potential is very high, up to 8700-20000 (ug/g sample). Based on that criteria, this
source rock is worthy of serious consideration as a potential gas shale. The remaining sample
(G006493) is of lower quality (TOC = 0.5%, HI ~ 300 mg/g TOC) and was not analysed in any
further detail. Similar to samples from the Horn Valley Siltstone in the Amadeus Basin, samples
from the NTGS Elkedra-3 drillhole also fulfil the empirical criteria to be considered as gas shale
candidates. They have high organic carbon content (TOC = 9.66-12.2%), Hydrogen Index (HI)
values in range of 64-73 (mg/g TOC) and high Tmax values (467-474°C). Upon pyrolysis, samples
from the Arthur Creek Formation in the NTGS Elkedra-3 drillhole produce gas condensate. Their
total gas potential ranges from 2500-3100 (ng/g sample).
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Samples

Twenty-four samples from the Amadeus and Georgina Basins were provided for this study by
Geoscience Australia (Table 1). Eleven cuttings and core samples from the Amadeus Basin were
collected from seven different wells, namely Dingo 1, Murphy 1, Orange 1, Mount Winter 2A,
Tempe Vale 1, Tent Hill 1 and Rodinga 6. These samples include the Bitter Springs Formation (Late
Neoproterozoic), Lower Giles Creek Dolomite (Middle Cambrian), Goyder Formation (Middle
Cambrian) and the Horn Valley Siltstone (Early Ordovician).

Thirteen core samples from the Georgina Basin were selected from the MacIntyre 1, Baldwin 1,
BMR Mt Isa 1 and NTGS Elkedra 3 wells. They are of Middle Cambrian age (Boreham and
Ambrose, 2007), most of them being from the “hot shale” of the Arthur Creek Formation.

Experimental details

ROCK EVAL ANALYSIS

Rock Eval analysis was performed on all samples using a Rock-Eval 6 instrument. TOC
determination was performed on all samples using a LECO CS244 device. Internal standards were
run in parallel and checked against the acceptable range.

Rock Eval Temperature Programme
Pyrolysis: 300°C (3 min.) at 25 °C/min. to 650 °C (0 min.)

The Rock-Eval and TOC results for samples from both Amadeus and Georgina Basins are
summarised in Table 2. The Rock-Eval chromatograms of samples from the Amadeus Basin are
shown in Figure 1, with samples from the Georgina Basin being shown in Figure 2. The
relationships of Hydrogen Index to Oxygen Index (OI) and to Tmax value are shown in Figure 3 and
Figure 4, respectively.

THERMOVAPORISATION

Thermovaporisation was used to analyse free hydrocarbons in selected unheated samples and
performed using the Quantum MSSV-2 Thermal Analysis System©. Milligram quantities of each
sample were sealed in a glass capillary and heated to 300°C in the injector unit for 5 minutes. The
tube was then cracked open using a piston device coupled with the injector, and the released volatile
hydrocarbons analysed by gas chromatography.

The thermovaporisation results of selected samples are reported in Table 3 and the chromatograms
are shown in Figure 5.
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PYROLYSIS GAS CHROMATOGRAPHY

Pyrolysis gas chromatography was performed on selected samples using the Quantum MSSV-2
Thermal Analysis System©. Thermally extracted (300°C 10 minutes) whole rock samples were
heated in a flow of helium, and products released over the temperature range 300-600°C (40K/min)
were focussed using a cryogenic trap, and then analysed using a 50 m x 0.32 mm BP-1 capillary
column equipped with a flame ionisation detector. The GC oven temperature was programmed from
40°C to 320°C at 8°C/minute. Boiling ranges (C;, C,-Cs, C4-Cy4, C;5t+) and individual compounds
(n-alkenes, n-alkanes, alkylaromatic hydrocarbons and alkylthiophenes) were quantified by external
standardisation using n-butane. Response factors for all compounds were assumed the same, except
for methane whose response factor was 1.1.

Pyrolysis gas chromatography results are summarised in Tables 4 and 5. The chromatograms are
given in Figure 6. The ternary diagrams for assessing phenol enrichment (Larter, 1984), petroleum
type organofacies (Horsfield et al, 1989) and sulphur content (Eglinton et al., 1990; di Primio and
Horsfield, 1996) are given in Figures 7-10. The remaining gas potential of investigated samples is
listed in Table 4 and Figure 11.

Table 2: TOC and Rock-Eval parameters

Samples ShortID Group S1 S2 S3 Tmax PP Pl HI oD TOC
mg/g sediment °C mg/g _ wt ratio mg/g TOC %

G006473 1 015 0.21 0.36 490.00 0.36 0.42 159.00 273.00 0.13
G006474 2 0.05 0.08 0.36 489.00 0.13 0.38 68.00 305.00 0.12
G006475 3 A 0.04 008 029 429.00 0.12 0.33 63.00 230.00 0.13
G006476 4 007 015 0.37 324.00 0.22 0.32 96.00 236.00 0.16
G006477 5 0.02 002 032 287.00 0.04 0.50 27.00 437.00 0.07
G006478 6 005 016 0.19 450.00 0.21 0.24 132.00 157.00 0.12
G006479 7 0.16 060 024 43500 0.76 0.21 134.00 54.00 0.45
G006480 8 0.11 0.53 0.23 44200 0.64 0.17 98.00 43.00 0.54
G006481 9 B 3.02 12.08 0.26 444.00 15.10 0.20  353.00 8.00 3.42
G006482 10 180 698 024 449.00 8.78 0.21 221.00 8.00 3.16
G006483 11 007 022 026 430.00 0.29 0.24 62.00 73.00 0.35
G006484 12 073 124 028 457.00 1.97 0.37 101.00 23.00 1.23
G006485 13 047 085 022 47500 1.32 0.36 84.00 22.00 1.01

G006486 14 123 640 050 469.00 7.63 0.16 74.00 6.00 8.65
G006487 15 168 350 0.28 473.00 5.18 0.32 66.00  5.00 5.34

G006488 16 033 130 027 52200 1.63 0.20 24,00 5.00 547
G006489 17 053 245 041 586.00 2.98 0.18 2200 4.00 11.00
G006490 18 0.51 3.74 029 531.00 4.25 0.12 34.00 3.00 10.90
G006491 19 2.02 56.02 1.69 431.00 58.04 0.03 620.00 19.00 9.04

G006492 20 453 9495 285 428.00 9948 0.05 601.00 18.00 15.80
G006493 21 007 165 037 433.00 1.72 0.04 330.00 74.00 0.50

G006494 22 192 838 038 472.00 10.30 0.19 73.00 3.00 11.50
G006495 23 157 758 033 467.00 9.15 0.17 78.00  3.00 9.66
G006496 24 147 7.86 041 474.00 9.33 0.16 64.00 3.00 12.20
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Gas shale potential of the Amadeus and Georgina Basins, Australia: preliminary insights

Results
AMADEUS BASIN
Bulk source rock characteristics

Total organic carbon contents and Rock Eval results are listed in Table 2. The samples from the
Amadeus Basin can be divided into two groups based on these results (Group A and B, see Table 1).
Samples in Group A (G006473-G006478) are from the Bitter Springs Formation, Lower Giles Creek
Dolomite and Goyder Formation. They have very low organic carbon contents, in the range 0.07 to
0.16%. Group B consists of samples from the Horn Valley Siltstone (G006479-G006483), and is
more enriched in organic carbon, its total organic carbon content range being 0.45-3.42%.

The Rock-Eval chromatograms of samples in Group A are characterised by relatively high S1 peaks
and more or less flattened, irregular S2 peaks, except sample G006478 from the Goyder Formation,
whose S2 peak appears as a bell-shape. The S2 peaks of samples in Group A (Figure 1) vary in both
size and shape, displaying multiple-lobed S2 peaks which are not symmetrical and have a shoulder
or tail. These samples have high production indexes (PI, Table 2) ranging from 0.24-0.5 (wt ratio).
Group A samples have low Hydrogen Indices (27-159 mg HC/g TOC) and particularly high Oxygen
Indices (157-437 mg CO2/g TOC), and a wide range of Tmax values (287-490°C) attributable to the
irregular shapes of the broad S2 peaks. In both the HI versus OI (Figure 3, after Espitalie et al.,
1977) and HI verses Tmax (Figure 4, after Espitalie et al., 1984) diagrams, these samples (short
labels as 1-6) represent low petroleum generating potential.

Samples in Group B release more or less bell-shaped S2 peaks (Figure 1) whose yields are between
0.22 and 12.08 mg/g sediment. Group B is characterised by lower production index values (0.17-
0.24 wt ratio; Table 2) in comparison with that of samples in the Group A. These values do not
approach the 0.7 value, which Jarvie et. al., (2007) states is needed for high shale gas prospectivity,
but gas loss from the provided samples cannot be ruled out, meaning that PI values represent
minima. Group B has higher Hydrogen Indices (62-353 mg HC/g TOC) and lower Oxygen Indices
(8-73 mg CO2/g TOC) than those of Group A. In both the HI versus OI (Figure 3) and the HI versus
Tmax diagrams (Figure 4), the Group B samples abbreviated as 7-11 (Table 2) represent higher
hydrocarbon generating potential. The Tmax values of these samples fall in a narrower range, from
430-449°C. These Tmax values are not above the minimum (450°C according to Jarvie et al., 2007)
for shale gas prospectivity. Two samples, G006481 and G6482, however, might have shale gas
potential because of their high TOC (3.16-3.42%), moderate PI ~ 0.2 (although gases might be lost)
and Tmax of 445-449°C (close to the minimum 450°C cut-off).

Free Hydrocarbons

Thermovaporisation analysis run on three samples in Group A (G006473, G006475 and G006478)
reveals that the free hydrocarbons consist mainly of gases. The same is true for one sample from
Group B (G006480). The thermally extracted products from two samples in Group B (G006481,
G006482), however, consist of mainly higher molecular weight alkanes, including both normal and
branched alkanes in the range of Cy to Cy9 and gaseous hydrocarbons. The odd-even predominance
for the Horn Valley Siltstone is typical of many Ordovician source rocks and crude oils worldwide
(Reed et al., 1986).



Gas shale potential of the Amadeus and Georgina Basins, Australia: preliminary insights

Figure 1 Rock-Eval chromatograms of samples in Group A from the Amadeus Basin.
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Figure 1 (continued) Rock-Eval chromatograms of Horn Valley samples (Group B) from the Amadeus
Basin.
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Gas shale potential of the Amadeus and Georgina Basins, Australia: preliminary insights

Bulk chemical composition from pyrolysis gas chromatography

The pyrolysis gas chromatograms of samples from the Amadeus Basin are shown in Figure 6. The
pyrolysis boiling ranges and individual yields are given in Table 4 and 5.

Three samples in Group A were selected for pyrolysis gas chromatography analysis. These are
G006475 (Bitter Springs Formation), G006473 (Lower Giles Creek Dolomite) and G006478
(Goyder Formation). These samples generated only gaseous hydrocarbons and benzene upon
pyrolysis. Their compositions fall in the gas and condensate facies of Horsfield (1989), as shown in
Figure 8. The remaining gas generating potential yield of these samples is around 15 pg/g sample
(Figure 11).

The three samples Group B analysed include G006480, G006481 and G006482, all from the Horn
Valley Siltstone. Upon pyrolysis, these samples produce a mixture of aliphatic hydrocarbons and
aromatic hydrocarbons (benzene and toluene). Doublets extend to medium-chain length (C;s) and
decrease in relative abundance with increasing carbon number from C¢ to C;s, which is typical for
type II kerogen (van de Meent et al., 1980; Muscio et al., 1993; Clegg et al., 1997). The pyrolysis
compositions of these samples fall in type II intermediate sulfur enrichment field of Eglinton et al.
(1990) and di Primio and Horsfield (1996), as illustrated in Figures 9 and 10. The kerogen structure is
phenol-poor, according to the diagram of Larter (1984; Figure 7). The petroleum type is defined as
paraffinic-naphthenic-aromatic low wax oil extending into gas-condensate, based on the ternary
diagram of Horsfield (1989; Figure 8), although the Horn Valley Siltstone may have started out in
the low wax paraffinic facies at lower maturity (Horsfield, 1989). Their present-day compositions
(especially the pyrolysate composition of G006482, abbreviated as 10) are very close to the
boundary with the gas condensate field. The remaining gas generating potentials of G006481 and
G006482 are 2486 and 1775 pg/g sample respectively, but only 250 pg/g sample in the case of
G006480.

GEORGINA BASIN
Bulk source rock characteristics

Total organic carbon content and Rock Eval results are listed in Table 2. Samples from the Georgina
Basin have high organic carbon contents, mainly in the range 5.34 to 15.8%. There are three
samples, however, with lower organic carbon contents. They are G006484 and G006485 (1.23 %
and 1.01 % respectively) from Maclntyre 1, and sample G006493 (0.5%) from BMR Mt Isa 1.

The Rock-Eval chromatograms of the samples from the Georgina Basin (except for the three
samples G006491 to G006493 from the BMR Mt Isa 1 drillhole, see Table 1), shown in Figure 2, are
characterised by significant S1 peaks and multiple lobed S2 peaks, since they are not symmetrical
and have a shoulder or tail. These samples have moderate to high Production Indices (PI, Table 2)
ranging from 0.12-0.37 (weight ratio). These values do not approach the 0.7 value, which Jarvie et
al., (2007) states is needed for high shale gas prospectivity, but gas loss from the samples cannot be
ruled out. Hydrogen Indices of the aforementioned samples are low, and range from 22 to 101 mg
HC/g TOC. Oxygen Indices ranging from 3 to 23 (CO,/g TOC) are relatively low. In the HI versus
OI (Figure 3, after Espitalie et al. 1977) and HI versus Tmax (Figure 4, after Espitalie et al. 1984)
diagrams, these samples (short labelled as 12-18 and 22-24) are at the end of the mean evolution
pathways. Their Tmax values of 457-586°C are above 450°C, the minimum for shale gas
prospectivity according to Jarvie et al. (2007).

Three samples from the BMR Mt Isa 1 drillhole release relatively small S1 peaks, in comparison

with their respective S2 peaks, and the latter are bell-shaped (Figure 2). These samples are
characterised by very low Production Indices, which range from 0.03-0.05 (weight ratio). The

13



Gas shale potential of the Amadeus and Georgina Basins, Australia: preliminary insights

Hydrogen Index values of 330-620 (mg/g TOC) are high. According to Figures 3 and 4, two
samples, G006491 and G006492, whose total organic carbon contents of 9.04-15.8%, fall between
the mean evolutionary paths of kerogen type I and II. Clearly, these are very good potential source
rocks for petroleum, both conventional and, at higher maturity levels, unconventional. Meanwhile,
sample G006493, which has much lower TOC value (0.5%), can be classified as mixture of kerogen
type 1l and III, representing lower petroleum generating potential. Tmax values in range of 428-
433°C show these samples to be immature.

Free Hydrocarbons

The volatile products released upon thermal extraction of G006484 from the Maclntyre 1 well
consist of gaseous hydrocarbons and normal-plus branched-alkanes in the range of C;,-Cy,. In the
case of sample G006485 from the same well, n-paraffins, up to octadecane, are present, with
depletion in the gasoline range, whereas the volatile products of samples G006486 and G006487
reveal n-alkane envelopes in the low molecular weight range (< nCy9), an empirical prerequisite for
high productivity, according to Jarvie et al. (2007).

The same holds true for three samples from the Elkedra 3 well, which release paraffins below nCsq
upon thermovaporisation. Sample G006495 also produces a relatively large unresolved complex

mixture.

In the case of samples G006488 to G006490 (Baldwin 1), thermovaporisation products are
dominated by gas and condensate components, the latter being rich in aromatic hydrocarbons.

Figure 2. Pyrolysis program (FID) Rock-Eval of samples from the Georgina Basin, with identified peaks
labelled.
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Figure 2. (Continued) Pyrolysis program (FID) Rock-Eval of samples from the Georgina Basin, with
identified peaks labelled.
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Figure 2. (Continued) Pyrolysis program (FID) Rock-Eval of samples from the Georgina Basin, with
identified peaks labelled.
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Gas shale potential of the Amadeus and Georgina Basins, Australia: preliminary insights

Bulk chemical composition from pyrolysis gas chromatography

The pyrolysis gas chromatograms of samples from the Georgina Basin are shown in Figure 6.
Boiling ranges and individual compound yields are given in Tables 4 and 5.

Four samples from the Maclntyre 1 well were selected for pyrolysis gas chromatographic analysis,
these being samples G006484 to G006487 from the Arthur Creek Formation. The pyrolysis gas
chromatograms of these samples are characterised by the predominance of gaseous hydrocarbons.
The aromatic hydrocarbons, including benzene and toluene, appear as significant peaks in the gas
chromatograms. Doublets are found in lower abundance extending to C,;. Phenolic compounds have
also been found. The composition of samples from the MacIntyre 1 well falls in the kerogen type 11
field of Eglinton et al. (1990) (Figure 9), and of di Primio and Horsfield (1996) (Figure 10). The
kerogen structure can be relatively enriched in phenol, as revealed from the diagram of Larter (1984)
(Figure 7). The petroleum type can be classified as gas condensate according to Horsfield (1989)
(Figure 8). The total remaining gas-generating potential is ~300-3200 (ng/g sample; Table 4 and
Figure 11).

The gas chromatograms of samples G006488 to G006490 (Baldwin 1 well) consists of a mixture of
gaseous hydrocarbons and aromatic compounds (benzene and toluene). Their petroleum type is
defined as gas condensate, according to the plot of Horsfield (1989) (Figure 8). The remaining gas-
generating potential of these samples is in the range 660-1300 pg/g sample.

Two samples (G006491 and G006492) from the BMR Mt Isa 1 well, which have high Hydrogen
Index values of 600-620 (mg/g TOC) and Tmax ~ 430°C, produce a mixture of aliphatic and
aromatic hydrocarbons upon pyrolysis. Methane appears as a significant peak in the chromatograms.
Phenols and sulfur compounds make only a small contribution. Doublets extend to Cp4 and decrease
in relative abundance with increasing carbon number, which is typical for marine kerogen (van de
Meent et al., 1980; Muscio et al., 1993; Clegg et al., 1997). The presence of 1,2,3,4-
tetramethylbenzene (TeMB), eluting between the nC;; and nC,, doublets, is suggestive of photic
zone euxinia during deposition (Muscio et al., 1994). The pyrolysis compositions of these two
samples fall in the type II field of Eglinton et al. (1990), in the type II intermediately enriched in
sulfur field of di Primio and Horsfield (1996), and the phenol-poor field of Larter (1984). Their
petroleum types are defined as paraffinic-naphthenic-aromatic low wax oil (Horsfield, 1989). Their
compositions are very close to the boundary with the gas condensate field (Figure 8). They have the
highest remaining gas-generating potential yields (between 8679 and ~20000 pg/g sample) among
the investigated samples, as illustrated in Figure 11. It is clear that while this source rock (Middle
Cambrian shale) has a very high petroleum potential (HI ~ 600 mg/g TOC), this potential is
manifested by the light hydrocarbon predominance throughout the liquid window. The ability to
generate light hydrocarbons predominantly at low stages of thermal evolution might be an important
characteristic of high quality gas shales in general.

The gas chromatograms of three samples from the NTGS Elkedra 3 are shown in Figure 6. They all
generate significant amount of gaseous hydrocarbons and aromatic compounds. Doublets in the
range of C;o-Cy make a lesser contribution. The presence of 1,2,3.4-tetramethylbenzene (TeMB)
indicates photic zone anoxia during deposition (Muscio et al., 1994). These samples can be defined
as a mixture of kerogen type Il and III (Figure 9) enriched in aromatics (Figure 10). They could be
moderately enriched in phenol (Figure 7). The pyrolysis composition falls in the gas condensate field
of Horsfield (1989). Remaining gas-generating potential yield is around 2500-3100 pg/g sample as
shown in Figure 11.
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Figure 5 Thermovaporisation chromatograms of samples G006473 (top), G006475 (middle) and
G006478 (bottom).
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Figure 5 (continued) Thermovaporisation chromatograms of samples G006480 (top), GO06481 (middlie)
and G006482 (bottom). Number refers to chain length of n-alkanes.
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Figure 5 (continued) Thermovaporisation chromatograms of samples G006484 (top), GO06485 (middie)
and G006486 (bottom). Numbers refer to chain length of n-alkanes. T=toluene, M=meta- plus para-
xylenes.
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Figure 5 (continued) Thermovaporisation chromatograms of samples G006487 (top), GO06489 (middle)
and G006494 (bottom). Numbers refer to chain length of n-alkanes. B=benzene, T= toluene, McyC6 =
methylcyclohexane.
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Figure 5 (continued) Thermovaporisation chromatograms of samples G006488 (top) and G006490
(bottom). Numbers refer to chain length of n-alkanes. B=benzene, T= toluene, M=meta- plus para-
xylenes.
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Figure 5 (continued) Thermovaporisation chromatograms of samples G006495 (top) and G006496
(bottom). Numbers refer to chain length of n-alkanes. McyC6 = methylcyclohexane.
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Figure 6 Pyrolysis gas chromatograms of samples G006473 (top), G006475 (middle) and GO06478
(bottom). B = benzene
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Figure 6 (continued) Pyrolysis gas chromatograms of samples GO06481 (top), G0O06482 (middle) and
G006484 (bottom). Numbers refer to chain length of n-alkene/-alkane doublets. B = benzene, T =
toluene.
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Figure 6 (continued) Pyrolysis gas chromatograms of samples G0O06480 (top), GO06485 (middle) and
G006486 (bottom). Numbers refer to length of n-alkene/-alkane doublets. B = benzene, T = toluene, M =
meta- plus para-xylenes, O = ortho-xylene, N = naphthalene, MN = methylnaphthalene.
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Figure 6 (continued) Pyrolysis gas chromatograms of samples GO06487 (top), G0O06489 (middle) and
G006491 (bottom). Numbers refer to chain length of n-alkene/-anes doublets. B = benzene, T = toluene,
M = meta — plus para-xylenes, TeMB = Tetramethylbenzene.
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Figure 6 (continued) Pyrolysis gas chromatograms of samples G006488 (top) and G006490 (bottom).
Numbers refer to chain length of n-alkene/-alkanes doublets. B = benzene, T = toluene, M = meta- plus
para-xylenes, O = ortho-xylene, N = naphthalene, MN = methylnaphthalene.
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Figure 6 (continued) Pyrolysis gas chromatograms of samples G006492 (top) and G006494 (bottom)
Numbers refer to chain length of n-alkene/-alkanes doublets. B = benzene, T = toluene, M = meta- plus
para-xylenes, TeMB = tetramethylbenzene.
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Figure 6 (continued) Pyrolysis gas chromatograms of samples G006495 (top) and G006496 (bottom).
Numbers refer to chain length of n-alkene/-alkane doublets. B = benzene, T = toluene, M = meta- plus
para-xylenes.
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Figure 7. Kerogen type characterisation (after Larter, 1984). Numbers refer to the short labels (see
Table 1).

Figure 8. Petroleum type organofacies (after Horsfield, 1989). Numbers refer to the short labels (see
Table 1).
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Figure 9. Kerogen type characterisation (after Eglinton et. al., 1990). Numbers refer to the short labels
(see Table 1).

Figure 10. Differentiation of pyrolysate composition using relative proportions of selected alkyl-,
aromatic-, and sulfur compounds (after di Primio and Horsfield, 1996). Numbers refer to short labels
(see Table 1).
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Figure 11. Remaining gas potential of samples from the Amadeus and Georgina Basins.
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Conclusions
AMADEUS BASIN

Screening analysis shows that samples from the Bitter Springs Formation, Lower Giles Creek
Dolomite and Goyder Formation all have very low organic carbon contents (in the range 0.07 to
0.16%) and low petroleum generating potential. These samples are characterised by high Production
Indices ranging from 0.24-0.5 (weight ratio) and a wide range of Tmax values (287-490°C).
Thermovaporisation of three selected samples shows that their free hydrocarbons are mainly gases.
These samples generate only gaseous hydrocarbons and benzene on pyrolysis. Their compositions
fall in the gas and condensate facies of Horsfield (1989). The remaining gas yield potential of these
samples is around 15 pug/g sample.

Samples belonging to the Horn Valley Siltstone have a relative higher organic richness (TOC =
0.35-3.42%) and petroleum potential (HI = 62-353 mg/g TOC), in comparison with samples from
the Bitter Springs Formation, Lower Giles Creek Dolomite, and Goyder Formation. Tmax ranges
from 430-449°C.

Among these samples, there are two (G006481 and G006482) which might have gas shale potential,
because of their high TOC (3.16-3.42%), moderate production index (PI ~ 0.2) and Tmax of 445-
449°C (close to the minimum of 450°C). These two samples can be classified as kerogen type II.
Upon pyrolysis, these samples produce paraffinic-naphthenic-aromatic low wax oil. Their
compositions are very close to the boundary with the gas condensate field. Another sample
(G006480) from the Horn Valley Siltstone, analysed to elucidate shale gas characteristics where
organic richness at a similar level of maturity was only moderate, appears inherently gas-prone and
to contain adsorbed gas. The remaining gas-generating potential of G006481 and G006482 ranges
from 1775-2486 ng/g sample, and for the leaner sample G006480 only 250 pg/g sample.

GEORGINA BASIN

Maclintyre 1 well

Samples G006484 and G006485 have TOC values around 1%, and Hydrogen Indices of 80-100
mg/g TOC, respectively. In contrast, the two other samples (G006486 and G006487) have much
higher organic carbon contents of 5.3-8.6%. The Hydrogen Index of these two latter samples is
around 70 (mg/g TOC). The four samples in this well have ideal conditions for shale gas with Tmax
values ranging from 457 to 475°C.

In the case of sample G006485, n-paraffins up to octadecane are present, with depletion in the
gasoline range, whereas sample G006484 contains gases and alkanes in range of C;,-C,;. Pyrolysis
shows the samples are classified as gas- and condensate-prone, with total remaining gas-generating
potential in each case amounting to 300 pg/g sample, which is significantly smaller than that of
samples G006486 and GO006487, whose remaining gas yields are 1230-3181 ng/g sample.
Additionally, the free hydrocarbons in samples G006486 and G006487 consist of paraffins below
n-Cy, thereby fulfilling an empirical prerequisite for gas shales.

Baldwin 1 well

Samples in this well have a high content of organic matter (TOC = 5.47-11%), Hydrogen Index in
the range 22-34 mg/g TOC, and very high Tmax values (522-586°C). The free hydrocarbon
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fingerprint of sample G006489 is characterised by gaseous hydrocarbons and aromatic compounds.
The gas chromatograms of samples G006488 to G006490 consist of mixtures of gaseous
hydrocarbons and aromatic compounds, most notably benzene and toluene. Their petroleum type is
defined as gas condensate according to the plot of Horsfield (1989). The remaining gas-generating
potential of these samples is in the range 660-1300 pug/g sample.

BMR Mt Isa 1 drillhole

Three samples from the BMR Mt Isa 1 drillhole are characterised by very low production indexes
(0.03-0.05 weight ratio), but high organic carbon content (TOC = 0.5-15.8%) and high petroleum
generating potential (HI ~ 330-620 mg/g TOC). These samples can be classified as a mixture of
kerogen type II and III, with Tmax values in range of 428-433°C.

Samples G006491 and G006492 (Middle Cambrian shale) have a very high petroleum potential (HI
~ 600 mg/g TOC) and high organic carbon content (TOC = 9.04-15.8%). They generate petroleum
enriched in light hydrocarbons, even at low stages of thermal evolution. Remaining primary gas
potential is very high, up to 8700-20000 pg/g. Based on that criteria, this source rock is worthy of
serious consideration as a potential gas shale.

NTGS Elkedra 3 drillhole

Similar to samples from the Horn Valley Siltstone of the Amadeus Basin, samples from the NTGS
Elkedra 3 drillhole also fulfil the empirical criteria to be considered as gas shale candidate. They
have high organic carbon content (TOC = 9.66-12.2%), Hydrogen Index values in the range of 64-73
(mg/g TOC) and high Tmax values (467-474°C). This is supported by their volatile products,
including paraffins below nC,y upon thermal vaporisation. Sample G006495, however, produces
relatively large unresolved complex mixtures, which might cause its relatively lower gas flow rates,
according to Jarvie et al. (2007). Upon pyrolysis, the samples from the Arthur Creek Formation in
the NTGS Elkedra 3 drillhole produce gas condensate. Their total gas potential ranges from 2500-
3100 ug/g sample.
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