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Introduction
The most recent study of the Pedirka Basin, which 

unconformably overlies the lower Palaeozoic Warburton Basin, 
occurs in Ambrose and Heugh (2010 – unpublished company 
report). This basin comprises early to late Permian sediments 
and coal measures,and an overlying Triassic sequence, in turn 
unconformably overlain by strata of the Eromanga Basin. The 
Permo-Triassic succession is up to 1.5 km thick comprising a varied 
sequence of fluvio-glacial, fluviatile, lacustrine and coal swamp 
sediments which make up the Permian section. This sequence 
is in turn ? conformably/unconformably overlain by an Early to 
Late Triassic sequences of red-beds (Walkandi Formation) and 
lacustrine sediments (Peera Peera Formation). The basin has an 
area of about 100,000 km2 split mainly between Northern Territory 
and South Australia. The major depocentres are the Eringa and 
Madigan Troughs where the Early to Late Permian sequence 
dominates, and the Poolowanna Trough where the Triassic section 
is predominant.

Early exploration targeted the Permian section which 
comprises a basal, early Permian glacial section (Crown Point 
Formation) overlain by coal measures of early to late Permian 
Purni Formation. Initial drill holes targeted structural palaeohighs 
where the Permian sequence was commensurately reduced in 
thickness and often attenuated by significant erosion at the Late 
Triassic unconformity. The Permian coal measures were poorly 
developed in these wells (eg Mc Dills-1, Mt Hammersley-1, 
Etingimbra-1, Hale River-1, Colson-1) with coals occurring in 
thin beds usually totalling less than 30 m in thickness. The first 
indication of significant coal deposits in the northern Pedirka 
Basin occurred in Blamore-1 (Figure 3) which was drilled by 
Central Petroleum in 2008. The well intersected Walkandi Fm red 
beds (247 m thick) ?conformably overlying Purni Formation coal 
measures (564 m thick) which included a total of 120 m of coal 
with seams up to 20 m thick. Seismic correlations indicated the 
coal measures were present over a wide area and follow up wells 
included 7 coal exploration wells intersecting between 105 m and 
155 m of coal with seams up to 30 m thick. A very significant coal 
basin had been discovered and this is the first general description 
of such to be published.
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Figure 1. Location map of central Australia – permits, wells and study area.
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slip movement on the major N-S fault trends. The key faults 
are the Hector, Hallows, McDills, Pellinor and Madigan faults 
which control the various Permian depocentres and record a long 
history of structural growth extending at least from the Ordovician 
Kanimblan Orogeny, to the Devonian-Carboniferous Alice Springs 
Orogeny (Carboniferous molasse sedimentary facies are developed 
in Mc Dills-1) with LateTriassic uplift and erosion followed by 
Miocene compression related to plate tectonics in NW Australia. 
NE to SW faulting is exampled by the Pellinor Fault (originally a 
normal fault) which bounds the southern margin of the Hale River 
Block and the Camelot fault which is a major lineament (possibly 
a transform fault) which is believed to segment the Eringa Trough 
into northern and southern components. It essentially corresponds 
to a NW trending lineament which separates the NW and SW 
quadrants shown in Figure 3.

Central / Northern Andado Shelf – Eringa Trough

The Eringa Trough is a major early-late Permian, asymmetric 
depocentre including thick coal laden sequences (gross section up 
to 750 m thick) in the main depocentre (Fig. 3). The section onlaps 
pre-Permian sediments/basement on the Andado Shelf which 
marks the western margin of this basin. This shelf contrasts with 
the steeply faulted eastern margin of the Eringa Trough which is 
strongly asymmetric being bound to the east by the faulted Hallows 
- Hector Trends. Recent exploration drilling has intersected 
thick Permian coal sequences on the central portion of the shelf 

Pedirka Basin – Regional Tectonic 
Elements

Key tectonic elements in Central’s acreage are the Eringa Trough, 
the Madigan Trough, the Andado Shelf, the Hale River High, and 
the contiguous McDills-Hallows-Hector Trends(Fig.3). These deep 
seated structures in a general sense controlled Permian sedimentary 
patterns which in turn defined coal distribution. The drilling of 
seven new coal exploration wells, together with interpretation of 
new seismic lines, confirmed the significance of these regional 
tectonic controls which provide the basis for defining stratigraphy, 
sedimentary facies and coal development. In summation, the basal 
early Permian glacial unit, the Crown Point Formation, defines the 
western-most extent of the basin while the overlying Tirrawarra 
Sandstone and Purni Formation thin via onlap and erosion as this 
zero edge is approached. Significant coal sequences occur quite 
close to the western zero edge and these thicken downdip into 
the axis of the Eringa Trough. The eastern margin of the Eringa 
Trough is bound intermittently by an important, contiguous but 
segmented NE-SW trending fault line defining the Hector, Hallows 
and McDills Trends (Figures 3 and  4).

Middleton et al (2007) defined four structural domains 
as outlined in Figure 4. The McDills and Hallows trends are 
essentially growth anticlines bound in part by steep reverse 
faults which show marked Miocene rejuvenation. These authors 
suggest east-west compression was dominant during the various 
periods of basin development but there is also evidence of strike 
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Figure 2. Regional location map
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(CBM93-001,93-004) with a thinner coal section occurring on the 
northern margin as defined in the three stratigraphic holes (SHEL 
27109-1,-2 and SHEL28095-1. The latter well defines the northern 
limit of coal development as presently understood although final 
definition of the coal distribution awaits further drilling. The coal 
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Figure 3. Pedirka Basin: Regional tectonic regime (after Middleton et al, 
2007

Figure 5. CTP Tenements and Regional Tectonic Elements

Figure 4. Portion of seismic line 85-yGS which crosses the Mt Hammersley 
Structure in the southern Eringa Trough. The Permo-Carboniferous section, 
especially the glacial section is abnormally thick on the high suggesting the 
structure is largely Miocene in age. This structural inversion may be common 
in the southern Eringa Trough and on it’s margins. yellow is top Cadnaowie, 
Blue is top Permian, Pink is base Permian.Interpretation is after Middleton et al 
(2007).

sequence onlaps the Crown Point Fm south of SHEL28095-1 as 
the Purni Formation thins and becomes more sand prone.

Central / Southern Andado Shelf – Eringa Trough

The south-central portion of the Andado Shelf has been 
penetrated by CBM 93-001, 93-002, 93-004, and CBM107- 001, 
and CBM 107-002. Thick Purni Fm coals were intersected 
in all wells (Table 1) but their extent to the southwest remains 
uncertain. This portion of the Eringa Trough is bound to the east 
by the strongly faulted Hallows and Mc Dills Trends, the latter 
being largely denuded of coal with only a thin remnant remaining. 
The Hallows Trend is a separate but contiguous trend to the north 
which recorded 119 m of coal in Blamore-1.

The stratigraphic configuration of the the coal sequence on 
the western margin of the Andado Shelf is illustrated in the wells 
CBM 107-001 and 107-002 ; strong uplift at the latter location has 
resulted in an intersection of thick coals (the A3 super seam) at 
depths of approximately 3-400 metres. The coal zero edge occurs 
some distance to the west as coals are absent in Malcolm’s Bore 
where Purni shales are believed to rest directly on Crown Point Fm.

Hale River High

The Hale River Block is a palaeo-high on the northern 
margin of the Pedirka Basin comprising a complex fault block 
with a core of Mesoproterozoic metasediments and volcanics. 
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The key structural determinants are the Hector Fault Trend on 
the northwestern margin and Pellinor Fault Trend forming the 
southern margin, while a gently dipping shelf bounds the eastern 
margin. The NE trending Hector Fault, which is deep seated and 
contiguous with the Hallows and McDills Trends, may have 
been a tensional normal fault during the Palaeozoic and much 
of the Mesozoic. The fault line was subjected to compressional 
reactivation during Palaeozoic orogenesis and again during Late 
Triassic uplift, followed by massive fault reactivation during the 
Miocene-Recent which resulted in steep reverse displacement.

The Pellinor Fault was originally a system of normal faults 
which controlled Warburton Basin, Pedirka Basin and also 
Eromanga Basin sedimentation on the southern margin of the 
high. This complex system of normal faults (which became steeply 
reverse during the Miocene) shows displacement transferred 
via zones of ductile deformation or relay ramps, with major 
sedimentary thickening in the hanging wall. Hale River-1, located 
on the southern margin of the Hale River Block, failed to intersect 
significant Permian coal but further drilling is required to ascertain 
the extent of possible coal sequences over the high, particularly 
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Figure 6. Pedirka Basin – Stratigraphic Relationships NW basin margin

Figure 7. Purni Formation Stratigraphic Table

Figure 8. Regional Cross-section  Pedirka Basin – Cooper Basin
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thin Purni Fm section (285 m thick) containing only 48 m of coal, 
the thickest seam being 7m thick. Additional wells drilled on the 
margins of the southern Eringa Trough include Witcherie-1(bald 
of Purni Fm) , Dalmatia-1 (76 m thick, 2 m coal) and Cur-3 (65 m 
thick, minor coal). Farther east slightly thicker coal developments 
occur in Purni-1 (15 m coal) and Mokari-1 (23 m coal). Thus on 
the shelf areas in the southern Pedirka Basin, coal development is 
not nearly as abundant as on the Andado shelf although mineable 
coal deposits remain a possibility given the very sparse drilling 
grid. Coal development is likely to be at a maximum in the axis 
of the southern Eringa Trough but the only possible commercial 
exploitation may be via underground coal gasification unless 
seams reach mineable depths above 300 m.

Purni Formation Stratigraphy and 
Coal Development

A detailed review of all geological data, and some seismic data, 
has resulted in the subdivision of the Permian coal sequence into 
four stratigraphic units which overlie the Tirrawarra Sandstone 
with conformity. Historically, many coal sequences have been 
considered to have largely formed within a contemporaneous facies 
mosaic, in which fluvial channels, levees, flood plain facies and 
crevasse splays were also represented. This may be true for parts of 
the Purni Formation but thicker coal seams in all units, particularly 
at the top of unit A, show considerable lateral continuity. There is 
no indication of marine influence and hence analogies with delta 
plain or marsh facies are not apparent. Glacio-lacustrine varves 
have been recognised in the underlying Crown Point Formation 
and provide a signature facies together with coarse glacio-fluvial 
deposits including boulder conglomerate beds.

on the eastern and northern margins.The other well in this area is 
CBM93-003, intersected 314+m of Purni Formation comprising 
mainly conglomeratic debrites and only 3 m of coal.

Madigan Trough – Colson Shelf

The Madigan Trough contains a thick early Permian coal laden 
sequence (up to 750 m thick) which is probably similar, although 
thicker than the Purni Formation in Blamore-1 (564 m thick).On 
the eastern margin of the trough the thicker coal sequences are 
controlled by the north-south trending Madigan Fault. East of this 
fault on the Colson Shelf, the Purni Formation is condensed and 
sand prone, and only one 7 m coal was intersected in Simpson-1 
where the Permian is 135 m thick. The northern margin of the 
trough is controlled by normal faults (Pellinor Fault Trend) which 
defines the southern margin of the Hale River Block. Coarse 
alluvial deposits (coarse conglomeratic debrites) were shed off the 
fault scarp bounding this high (CBM 93-003). The western margin 
of the trough is controlled by the southward plunging McDills–
Hallows Trends. Regional southeasterly tilt was imposed during 
the Mesozoic with major compressional rejuvenation on bounding 
faults during the Miocene – Recent.

Southern Pedirka Basin

A major lineament transecting the Eringa Trough runs NW 
from the McDills area and across the Andado Shelf. This is 
tentatively identified as a transform fault which segments the 
Eringa Trough into northern and southern components. In the 
southern Pedirka Basin the Mt Hammersley -1 well intersected a 
very thick glacial sequence (700 m thick) overlain by a relatively 

Figure 9. NW-SE Seismic line A85NT-01 outlines the asymmetric Eringa Trough to the west of the McDills High and the Madigan Trough to the east. Bue marker 
is top Cadnaowie , yellow is near top Purni Formation, pale green is near base Crown Point Fm.
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A major lineament interpreted from Landsat imagery trends 
NW-SE immediately north of the McDills-1 well and may define 
a transfer fault segementing the Eringa Trough into northern and 
southern components. To the south of the fault the Purni Formation 
is relatively thin with coal contents of less than 30 m whereas the 
Purni Formation coal basin proper is best developed north of this 
fault zone where the unit thickens to over 600 m and includes over 
160 m of coal in the main depocentres.

G. AMBROSE AND J. HEuGH

Within the Purni Formation, coal composition is dominated 
by vitrinite, inertinite and liptinite. Oil prone liptinite averages 
5-10% of the coal composition while varying percentages of 
vitrinite and inertinite make up the remainder (Table 4). Higher 
inertinite contents may reflect initial peat formation in Arctic peat 
mires affected by fires, while vitrinite rich beds often comprise 
coarse coalified reed like fragments coalescing to form major coal 
seams. Thin, high liptinite contents could result from thin algal 

Well Net Coal Seam >1m Seam >2m Seam >3m Seam >4m Seam >5m Seam >10m Purni Thick

Simpson 7 6 6 6 0 0 0 137

Blamore 119 111 108 99 79 75 39 564.3

CBM 93-001 142 139 122 119 116 103 67 593

CBM 93-002 105 102 88 78 75 70 26 464

CBM 93-003 3 1 0 0 0 0 0 314

CBM 93-004 155 153 146 138 135 130 78 435

CBM107-001 134 128 119 115 108 94 88 543

CBM107-002 65 64 55 50 50 50 50 302

SHEL 27 109-2 39 29 21 21 11 6 0 405

SHEL 27 109-1 74 70 63 54 54 50 31 419

SHEL 27 28095-1  0.32 45

Table 1.

Figure 9a. Purni Formation, unit A Palaeogeography



Central Australian Basins Symposium IIIAlice Springs, NT, 16–17 July, 2012 7

THE GEOLOGy OF THE PEDIRKA BASIN COAL MEASuRES IN THE PuRNI FORMATION, SIMPSON DESERT AREA

Figure 10. Purni Formation unit C – Palaeogeography

Figure 9b. Purni Formation unit B Palaeogeography
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Well/Depth Stage Purni M Top Unit C 
(Isopach)

Top Unit B 
(Isopach)

Top Unit A 
(Isopach)

A 1 
(Isopach)

Tirr. 
(Isopach)

Blamore-1
TD 2128 m

metres metres metres metres metres

1505 ? S 5 C (L.Perm) 1497 1533.7 ?1791 ?1980 2098

1592 ? S 3b B (E.Perm) (36.7) (257.3) (189) (118) (30+)

1848 ? S 3b B

1899 ? S 3b B

2031 Indet.

2097 S 2 A1 (E.Per)

2112 S 2 Tirr.

2115 S 2 Tirr.

Simpson-1

TD 2165 Not Present Not Present 1834 1904 1969

1869 S 3a A (E.Perm) (70) (65) ( 31)

CBM 93-001

TD 1265 672 703 955 1177 N.P.

728.66 S u4a B (E.Perm) (31) (252) (222) (88+) N.P.

775.00 S u4a B

779.07 S u4a B

853.50 S u4a B

1006.50 Indet

1185-1190 L4-3a A (E.Perm)

CBM 93-002

TD 1044.2 511.7 580 686 900 975.5

539.77 S u5a C (L.Perm) ( 68.3) (106) (214) (75.5) 68.7+

558.92 ?S u5a C

567.82 ?S L5b c

588.77 ?S u4b B (E.Perm)

634.48 S u4a B

664.80 S L4 ?A (E.Perm)

700.34 S 3b A

715-870 S u3a A

894-941 S L3a A

CBM 93-003

TD 897 583.3 ? 593.5 654.5 N.P. N.P.

582.00 Indet. ? (10.2) (61) (242.5+)

582.60 Indet. ?

646.00 Indet. ?

657.00 L3a A

658.12 L3a A

Table 2. Purni Fm Stratigraphy: Palynology – Northern  Andado Shelf, Hallows Trend, Hector Trend
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Well/Depth Stage Purni M Top Unit C 
(Isopach)

Top Unit B 
(Isopach)

Top Unit A 
(Isopach)

A 1 
(Isopach)

Tirr. 
(Isopach)

809.00 L3a A

822.20 L3a A

834.15 L3a A Top unit C Top unit B Top unit A A1 Tirr.

Purni

756

Tirr

Shel109-02 NA NA NA NA ~1000 Lapout 1181.4

TD 1203.5 m 35 m coal. Cr.Pt 1193 m

797.3 E.Aptian Cretaceous

807.12 ?Su3a A-B

847.7 ?Su3a A-B

879.0 ?Su3a A-B

897.5 SL3a A

1111.6 Indert.

1161.9 SL3a A

1170.5 SL3a A

1170.8 S?L3a A No A1 unit A on Crown Pt 1174

PRESENT Tirrawarra 1193 m
Purni

720

Shel 109-01 Tirr.

TD 1128.6 m 74 m of coal 1110 

719 Su3a A-B Cr-pt 1126

726.5 Indet.

765.0 Su3a A-B

792.5 Su3a A-B

813.8 Su3a A-B

853.8 Su3a A-B

968.2 SL3a A

1060.5 Indert

1095.5 SL3a A

1118.7 Stage 2 A1

Purni

367

Shel 28095 ~ NA Tirr.

TD 460.1 0.32 m coal 412

368.9 L3a A Cr-pt

375.5 L3a A 416

435.8 Indert

449.0 Indert

Table 2. continued.



Central Australian Basins Symposium III Alice Springs, NT, 16–17 July, 201210

G. AMBROSE AND J. HEuGH

Well/Depth Stage Purni M Top Unit C
(Isopach)

Top Unit B
(Isopach)

Top Unit A
(Isopach)

A1 Tirr.
(Isop)

CBM 93-004
TD 978 543.0 602.5 704 880 N.P.
555.07 S L5b C(L.Perm) (59.5) (101.5) (176) (98+)
564.79 S L5b C
585.86 S L5b C
662.82 S u4a B(E.Perm)
672.12 S L4 ?B
726.02 S u3a A(E.Perm)
733.34 S u3a A
771.99 S u3a A
787.71 S u3a A
793.97 S u3a A
857.92 S L3a A
865.58 S L3a A
873.31 S L3a A
892.45 S L3a A
948.02 S L3a A
958.94 S L3a A
964.15 S L3a A
CBM 107-001
TD 1250.9
739.0-742.3 Indet. C (L.Perm) 708 853.5 999 ~1245 N.P.
762.7-791.5 S L5b C (145.5) (145.5) (246) (5.9+)
834.08 Indet. C
845.91 S L5a C
883.71 S u4a B (E.Perm)
901.0-906.4 S ?3b ?A
927.2-1089.6 S 3b A
1145.3-1227 S u3a A
CBM 107-002
TD 611
279.00 S L3a A(E.Perm) 241.5 eroded 274 499.5 Cr P t 

543
446.00 S L3a A (32.5) (0) (225.5) (43.5) (68)
481.20 S L3a A
533.00 S L3a A
546.50 Indet. A
572.40 Indet. A
599.00 S L3a A
640.00 Indet. A

unit C unit B unit A A1 Cr. Pt
Malcolm’s Bore TD 
562 m

No Data No Deposition 196.9 (190.2) 
Gy Sh., no coal

Pinchout Pinchout 387.1 
(174.9)

Table 3. Purni Fm Stratigraphy: Palynology Summary Table - Purni Formation, Southern Andado Shelf.
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Figure 12. Depth Structure Map Purni Formation.

Figure 11. W-E Cross-section across the Simpson Desert area.
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Figure 14. Purni Formation Isopach Map.

Figure 13. SE-NW Regional Cross-section across the Simpson Desert area.
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epeirogenic uplift and erosion during the Triassic/Cenozoic. The 
CBM 107-002 location is a type example of this and, given the 
dearth of seismic, shallow stratigraphic holes probably provide 
the best exploration option. Locations where the section shows 
gradual thinning and sequence condensation (eg SHEL28095-1)
are less likely to find coal at the required depth.

Information is very sparse on the northern and central Andado 
Shelf and hence exploration for the required coal depth/coal 
thickness window is difficult but the possibilities are encouraging. 
The southern Madigan Trough and its margins in SA are far 
less well understood, also because of sparse information, but 
the potential for shallow coal on the basin margins here may be 
comparable to the Andado Shelf. 

Purni Formation – Unit A1

This basal sand rich sequence conformably overlies the 
Tirrawarra Sandstone and denotes glacial outwash clastics at the 
base of the early Permian Purni Formation. Finer interbedded 
siltstones and sandstones represent floodplain/overbank deposits but 
lacustrine varve deposits are missing although they are occasionally 
present in the underlying Crown Point Formation. Palynology 
indicates the sequence belongs to early Permian Stage 2 – Stage 
Lower 3a, the most important aspect being that the sequence is 
devoid of significant coal seams and generally lacks indications of 
carbonaceous material. The limited coal seams formed herein are 
likely to be thin but may have considerable lateral continuity. In this 
region the contact between the basal Purni Fm and the underlying 
glacials is denoted by the onset of higher carbonaceous contents 
as denoted by wispy coal laminae, thin coal beds and rip-up coal 
fragments in some of the sandstones (M.Harrison pers.com.)

Purni Formation – Unit A

This is a sequence of coals and interbedded clastics 
conformably overlying Sequence A1; palynology indicates the 
section belongs to Early Permian Stage 3a. The sequence is of 
importance as it includes major, extensive coal seams up to 30 m 
thick, referred to as super seams. CBM Well 107-002 intersected 
thick coals at the top of this unit adjacent to the western basin 
margin, indicating the coal may extend updip to mineable depths. 
A disconformity appears to denote the top of the sequence but 
further study is required to confirm this hiatus.

unit A coals at the top of the sequence show remarkable 
lateral continuity (the A3 super seam) reaching up to 30 m in 
thickness; this coal is believed to have been deposited in a long 
lived peat mire system of substantial lateral extent (a strike length 
of over 70 km). By definition a bog or mire peat is deposited in a 
wetland that accumulates acidic peat dominated by moss/lichens 
and reed like plants. A sequence of thin upward fining fluvial/
overbank cycles, bound at the base by small amounts of medium-
very coarse-grained sandstone, intervene between the A2 and A3 
seams in CBM 107001 and 107002. Deposition of the A3 super 
seam probably relates to external events (allocyclic) driven by 
climate change and sea level cycles external to tectonic context. 
Thinner , more discontinuous coal seams are more likely to have 
an autocyclic origin related to river avulsion into peat swamps 
etc. Thin coal seams (< 5 m) in the lower part of unit A have 
liptinite contents over 20% usually comprising mainly sporinite 
(eg 15% sporinite at 898 m in CBM93-002). Where thermally 
mature these would provide excellent oil prone source rocks. Coal 

rich layers (botryococcus) formed in lacustrine –swamp facies 
although in many samples from unit A sporinite is the dominant 
liptinite subgroup with contents occasionally ranging up to 15%.

Large scale cyclic sedimentation in the Purni coal basin as a 
whole was largely allocyclic ie related to changes in cyclothemic 
deposition caused by factors such as climatic variation and changes 
in eustatic sea level. These processes also controlled deposition 
of thick super seams with wide regional extent. However, on a 
smaller scale, deposition of thinner peat mire coals was auto-cyclic 
and decoupled from the constraint of available accommodation 
space in the basin. Autocyclic sedimentation of clastics and thin 
coal seams within the subunits occurred via processes such as 
channel migration and river avulsion etc. deposition occurred in 
high latitudes on Arctic style coal mires where periodic freezing, 
dry out phases, fires and refreezing took place. Maceral contents 
of the coals are highly variable between mainly vitrinite (woody 
organic matter) and inertinite (charcoal). Oil prone liptinites 
average 5-10% and this occasionally increases up to 25% ; thus 
the Permian is viewed as a good oil source rock where mature.

The Purni Formation becomes more sand prone with 
intervals of conglomerate as the basin margins are approached, 
and there is an accompanying decrease in coal content. This is 
demonstrated on the northwestern basin margin as exampled in 
Figure 5. Stratigraphic drillhole SHEL27 280095-1 occurs 25 km 
to the north of these wells and here the Purni Formation is only 
46 m thick and includes only 0.36 m of coal. A nearby drill hole, 
SHEL27 109-2 intersected 38 m of coal with the remaining section 
comprising mainly medium to coarse-grained fluvial sandstones 
with occasional pebble/cobble conglomerate. A slightly more 
basinal well (SHEL27 109-1) drilled 12 km to the southwest, 
intersected an increased coal thickness (74 m) and flood plain / 
over-bank, very fine grained deposits dominated over coarser 
fluvial channel facies.

Figure 5 shows basin margin relationships on a more regional 
scale . The main Permian coal bearing units thin via onlap and 
truncation to sandy facies with virtually no coal development. 
A basinal well (CBM 93-004) , includes thick coal seams in 
units A,B and C spanning all time zones (Stages 3a-5). units 
B and C thin by onlap and truncation with only 45 m of Purni 
Formation present (Stage 3a) in the most updip location denoted 
by SHEL28095-1 which included only 0.3 m of coal. These basin 
margin relationships, defined by drill holes with palaeontological 
control, probably hold for much of the northern and western basin 
margins. However, recently uplifted fault blocks where much 
of the Mesozoic has been eroded offer the best opportunity for 
reasonably shallow coal suitable for mining.

On parts of the western basin margin such uplift and erosion 
has brought the Permian coal section to mineable depths (~ 300m 
depth). For example the upper Purni sequence is heavily eroded 
on parts of the western Andado Shelf (rather than thinning by 
sedimentary condensation) leaving the A3 super seam at depths 
of 3-400 m in drill hole CBM 107-002 (Figure 15). This model 
portends possibilities for shallow coal deposits in this area 
amongst a number of other areas including the margins of the Hale 
River Block.

The coal is sub-bituminous and has good thermal/steaming 
qualities. In terms of commercial exploitation, mining is probably 
the best option if significant coal seams can be found at depths of 
less than 2-300 on the Andado Shelf to allow for open cut mining 
operations.. The main criteria for shallow coal is evidence for 
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Table 4. Purni Formation Coal Maceral Composition.

Well Depth Sub-unit Vitrinite Inertinite Liptinite
93-001 780.5 B 57.3 33.2 5.4

780.6 B 73 27 0
986.2 A 34 45.4 10.6
988.14 A 30.7 54.7 7.1
1001.12 A 90 6 3
1001.17 A 67.4 22.5 6
1001.42 A 64 28 4.8
1001.48 A 75 18 5.6
1001.51 A 93 6.3 0.29
1004.2 A 57 27 12.0
1055.0 A 54 27 10.6

93-002 553 C 45 41 12
592 B 60 30 6
639 B 20 65 11
709 A 28 62 5
736 A 23 65 10
792 A 32 58 6
898 A 43 33 20

93-003
93-004 555.1 C 56.4 27.55 5

613.9 B 51.76 34.31 11.37
669.0 B 59.88 28.68 8.72
705.0 A 64.42 27.34 6.18
769.8 A 20.51 68.84 6.31
769.8 A 45.97 37.71 11.26
822.0 A 40.08 45.66 9.63
840.55 A 43.60 44.80 6.20
932.69 A1 36.33 41.12 17.17

107-001 747 C 25 60 12
780 C 35 50 10
839 C 50 40 5
874.9 B 30 60 5
951.6 B 35 50 10
1019.6 A 40 48 7
1099.41 A 28 52 18

107-002 294.9 A 45 47 5
366.25 A 38 53 7
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Figure 16. Regional Cross-section CBM 93-001 to CBM 93-002 on the Andado Shelf.

Figure 15. Stratigraphic Cross-section CBM 107-001 to CBM 107-002.
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grained sandstone at the base, to mainly fine-grained to very fine-
grained sandstone at the top with siltstone. Pink garnet laminae, 
coaly fragments and occasional tree branches (gangamopteris) are 
present. Similar thin fluvial/overbank upward fining cycles with 
erosive bases are recognised at the same stratigraphic level in 
CBM 107-001 and this coal-deficient sequence is believed to have 
regional extent.

The coals in unit B above this interval also appear to show 
wide lateral continuity along the strike of the Andado Shelf, 
however the top part of the sequence was probably variably eroded 
during the Dalmatia uplift prior to deposition of Late Permian 
coals and clastics. Deep seated structural elements define the coal 
distribution which seems best developed along the south-central 
Andado Shelf. On the upper reaches of the shelf the unit either 
pinches out or is eroded and the underlying A3 superseam appears 
to extend further updip.

Late Permian-Unit C

This is a sequence of coals and clastics which are much 
younger than unit B as palynology indicates the section belongs 
to late Permian Stage 5. The section may be bound at the base 
and top by unconformities, as indicated by palynology, dictating 
this remnant sequence is usually much thinner than the underlying 
early Permian section. The thickest section intersected is 145 m in 
CBM107-001 which comprises 35 m of coal deposited in a fluvial 

seam thickness and occurrence both increase from unit A1, up 
through unit A, to the A3 super seam which is the thickest seam 
in the basin although it is sometimes split by floodplain sediments. 
The seam contains various amounts of vitrinite and inertinite with 
the latter being slightly dominant; liptinite contents, dominated by 
sporinite, average 5-10%. Figure 8 depicts facies distribution of 
the A3 super seam which is best developed in the Eringa Trough 
and on the Andado Shelf. The intersection of a thick A3 super seam 
close to the basin margin in CBM107002 is significant and gives 
credence to the notion that thick seams could be shallow enough 
on the upper reaches of the Andado Shelf to facilitate mining. This 
seam is correlated over 70 km along strike from CBM 93-002 to 
CBM 93001

Purni Formation - Unit B

This is a sequence of clastics and coals which probably 
disconformably overlie unit A. Palynology indicates the 
sequence belongs to early Permian Stage 3b - Stage 4; the unit is 
ofsignificance as it includes widespread coal seam packages which 
may extend updip onto the Andado Shelf to mineable depths.

The basal 50 m comprises a fluvial-floodplain/overbank/levee 
sequence comprising mainly siltstones and fine sandstones capped 
by the A4 coal. Core from this interval in CBM 93-001 comprises 
mainly sandstone deposited in fluvial upward fining cycles 1-2  m 
thick, which commonly grade from very coarse-grained to coarse-

Figure 17. Thermal Maturity Purni Formation.
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A) Mining : The Pedirka Basin coal seams are potentially a 
huge steaming coal resource. However in Central Petroleum’s 
tenements exploration drilling has failed to identify coal seams 
above 300 m, which is assumed to mark the economic cut-off for 
underground coal mining. The coal basin is sparsely explored and 
it is considered substantial volumes of coal will eventually be 
proven above the 300 m limit.

B) Coal to Liquids (CTL) and Underground Coal Gasification.
(uCG): For technologies such as coal –to-liquids the capital cost 
of a gasification plant is very high and also the disposal of mineral 
matter produced due to combustion/gasification is problematical. 
Underground Coal Gasification technology (UCG) overcomes these 
two problems. The coal seam is gasified underground during UCG, 
by injecting either steam/hot air or a combination of both converting 
the hydrocarbons to a syngas mixture, rich in inert gases. 

This mixture can then be further processed to remove the 
inert gases and produce synfuels (eg Fischer Troph process). 
Favourable economic models leverage low NOX emissions 
which are comparable to combined cycle power plants, lesser ash 
volumes and lower capital costs.

Oil Exploration – Permian Source Rock 
Potential

The Permian coals are excellent source rocks for oil and gas 
but assessment of thermal maturities (Tmax, Vitrinite Reflectance) 
confirms the main depocentres have sufficient maturity only for 
oil generation. For instance, in Blamore-1 where the maturity in 
unit A is about Vr0 = 0.5-0.6, oil droplets are seen in some of the 
vitrinite which also contains a large amount of micrinite; micrinite 
is a secondary maceral formed as a high carbon residue during oil 
generation from coals. It is concluded much of the oil generated is 
coming from vitrinite but in addition the oil prone liptinite fraction 
in these coals reaches 5-15% and would make a major contribution 
to oil generation where located in the oil window.

By example, the thermal maturities of unit A coals are depicted 
above which show a gradation from thermal immaturity on the 
outer shelf ( Vr0 = 0.3 – 0.4) to the mid-oil window (Vr0 = 0.8) in 
the axis of the Eringa Trough where the Purni Formation reaches 
750 m in thickness. Oil has also been interpreted to have been 
generated in the axis of the Madigan Trough where maturities are 
interpreted to lie in the late oil window (Vr0 = 1.0).

Residual oil shows occur in the top Algebuckina Sandstone 
(Jurassic) in Blamore-1 and gas chromatograms indicate a 
Palaeozoic source of non-marine origin. More detailed carbon 
isotope analyses have narrowed the age to upper Palaeozoic 
(C. Boreham pers.com.) and the Purni coal measure sequence 
appears to be the source.

Conclusions
•	 The Permian Purni Formation coal sequence has been 

divided on the basis of facies, palynology and coal seam 
correlation into four subunits – ie units A1, A, B and C. This 
breakup provides a starting point for future stratigraphic 
studies and estimation of the potential coal resource.

•	 Coal deposition occurred in high latitudes on Arctic style 
coal mires where periodic freezing, dry out phases, fires and 
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flood plain sequence. The coal comprises 50-60% inertinite, 
25-35% vitrinite and is rich in liptinite averaging 10-15%.

The distribution of these sediments is not well understood 
and further data is required to determine their extent and where 
commercial coal deposits are potentially located. The coals are the 
highest stratigraphically in the Permian section, and along with 
the A3 super seam some extend along the eroded western margin 
of the Andado Shelf; indeed they may provide the most attractive 
targets at this stage of exploration although they may be absent via 
pinchout downdip of the Permian zero edge. 

At this point it is proposed to include these late Permian 
sediments in the Purni Formation and significantly the overlying 
Triassic Walkandi Formation appears to be conformable in places 
with this newly defined sequence. Triassic rocks were previously 
included within the ‘Simpson Basin’ (or Simpson Desert Basin; 
Smyth and Saxby 1981, Moore, 1986) but the Triassic strata are 
now included within the Pedirka Basin succession and the name 
Simpson Basin has been abandoned by Central Petroleum.

Pedirka Basin - Purni Coal Parameters
The Purni Fm coals are sub-bituminous with properties 

supporting useage as a good thermal/steaming coal. Coal 
Properties are listed below:

•	 Specific Energy 20 - 24 GJ/tonne, 

•	 Ash 8-19% (average 11%), 

•	 Moisture (air dried) 8-19% (av. 14%),

•	 Single seams up to 35m in thickness,

•	 The coals are SOFT, Hardgrove Indices 80 - 115, 

•	 The coal is medium to high in volatiles, 

•	 unwashed coal has a low to medium ash fusion temperature,

•	 Washing the coal, increases the specific energy, and

•	 The coal rank is Sub-bituminous B.

Pedirka Basin – Coal 
Commercialisation

Electricity Generation/ Coal to Liquids/
Underground	Coal	Gasification

The coal volumetrics are outlined below were estimated in 
accordance with the JORC code by consultants Al Maynard and 
Associates in 2011.

Petroleum Tenements Low Range High Range
Northern Territory Billion Tonnes Billion Tonnes

Tonnes Coal Above 1000 m 
Contour 470 570

Tonnes Coal Below 1000 m 
Contour

1,570 1920

Total 2,040 2,500
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refreezing took place. Maceral content of the coals is highly 
variable between mainly vitrinite (woody organic matter) 
and inertinite (charcoal). Oil prone liptinites average 5-10% 
and where thermally mature the Permian is viewed as a 
good oil source rock and residual oil shows in Blamore-1 
are believed to have been derived from Permian source 
rocks.

•	 The thicker coal seams on the Andado Shelf, which vary 
up to 35 m in thickness, show marked lateral continuity 
having been deposited via large scale cyclic sedimentation 
in the Purni coal basin. Sedimentation was largely allocyclic 
ie related to changes in cyclothemic deposition caused by 
factors such as climatic variation and changes in eustatic 
seal level.

•	 On a smaller scale, deposition of thinner peat mire coals 
was auto-cyclic and decoupled from the constraint of 
available accommodation space in the basin. Autocyclic 
sedimentation of clastics and thin coal seams within the 
subunits occurred via processes such as channel migration 
and river avulsion etc.

•	 The total coal resource, which is dominantly sub-bituminous, 
is of the order of a 2.5 trillion tonnes and analysis indicates 
it is a good quality steaming/thermal coal. In the medium 
to short term commercial exploitation of this coal resource 
will probably come from coal mining or uCG.

•	 Future stratigraphic drilling must target coal above 300 m to 
meet economic cut offs. The western margin of the Andado 
Shelf where thick superseams could occur on broad uplifted 
fault blocks where Mesozoic and Tertiary sediments have 
been eroded to some extent. Subtle epeirogenic movements 
could play an important role in bringing prospective coal 
sequences to mineable depths with exploration needed 
along a strike length > 100 km.

•	 The Purni coals have a maceral distribution strongly 
supportive of oil generation with sufficient thermal 
maturity reached in the Madigan Trough and perhaps in the 
Eringa Trough. The section is similar to the early Permian 
Patchawarra coal sequence in the Cooper Basin which is the 
main source of oil in that area.


