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NOTE
Owing to the' considerable dependence of this work

on petroleum exploration well data, the operating company

and full title of each well will be omitted from the text

in order to reduce unnecessary repitition.- The names of

the wells and-opefating_companies are given below.

French Petroleum Company: (Australia): Mokari No. 1
Mt. Crispe No. 1
Poonarunna No. 1
. Purni Ne.. 1

Witcherrie No. 1

Amerada Petroleum Corporation of - : Hale River No. 1

Australia Ltd. ' . McDhills No. 1.
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THE GEOLOGY AND HYDROCARBON POTENTIAL

OF THE PEDIRKA BASIN

ABSTRACT

The Pedirka is a Permian infrabasin beneath
the western Great Artesian Basin. It lies mainly.
in the central north of South Australia and the
southeast of the Northern Territory but a small
part may also extend into Queensland. Much of the
eastern Pedirka Basin underlies the Simpson Desert.

'~ The whole of the basin has been covered by
aeromagnetic and gravity surveys which, in con-.
junction with the results of seismic work and

~exploration drilling, have revealed the existence

of two major subdivisions within the basin.- The
roughly nerth-south McDills Trend separates .an
area of thick Lower Palaeozoic sediments in the-
west from an area of thin Lower Palaeozeic but
thicker Permian and- Mesozoic sediments to the east.
The Pedirka Basin displays a maximum develop-
ment: of the Permian to the east of the-wells
drilled. The glacigene sediments of the Crown
Point Formation are present over wide areas of the

- basin. The overlying Purni Formation is less.

widespread but,. where present, ‘the sands, shales
and coals may be well over 300 m' in: their thickest
developments. The lithology of the Purni Fermation-
is similar to that of the gas-bearing formations

of the Cooper Basin and structures suitable for.
trapping hydrocarbons are. developed in the Permian
in the eastern Pedirka Basin. A Triassic caprock
could be present in this region.

The western sub-basin,. beneath the Pedlrka
Ba51n, contains large thicknesses of Lower Palaeo-
zoic -and p0551bly Proterozoic sediments.  Sedi-
mentation in this area may have been continuous
with that in the Amadeus Basin during parts of the
Palaeozoic. Cambrian carbonates and shales,
Ordevician sands and Devenian terrestrial sands,
shales and conglomerates have been reported from

.some of the wells. Several formations are con-

sidered to contain as much hydrecarbon potential
as- the Permian rocks.
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Mesozoic strata unconformably overlie -all
Palaeozoic rocks. in the area. The Mesozoic sedi-
ments increase in thickness -in an easterly direction.
The whole region was affected by the Alice
Springs Orogeny which developed generally gentle
structures: in the pre-Permian strata and caused .
syndepositional movements during the Permian.
Six petroleum exploration wells have been-
drilled to date.. No shows of hydrocarbons were
encountered but large areas of the Peédirka Basin
remain te be explored and several interesting
structures which have been outlined remain untested.
to date.
INTRODUCTION
The name Pedirka was first used by Canaple and Smith-
(1965) to describe the southwestern Permian. sub-basin within
the area presently under. study. The name is derivedAfrom‘a small
railway siding at the Hamiltoen River on the railway north from
Oodnadatta. Sprigg (1962) named the eastern Permian sub-~basin
the Simpson Desert Basin. McDills l.and its associated seismic
work have proved that the Permian is continuous over the McDills
Trend. Wopfner (1972) extended the term Pedirka Basin to cover
the entire Permian depositional area within that part of South
Australia.' The Pedirka is, by definitioen, a .Permian basin and
this study includes its extension into the Northern Territoery and
Queensland. In this text the two pre-Permian dePressions, which.
are part of the Warburton Basin (Wepfner, 1972), will be informally
referred to as' the western and eastern sub-basins.
‘The Pedirka is an infrabasin beneath -the wesﬁern-parts»of
the Great Artesian Basin and thé-Permian-sedimentstare overlain

nearly entirely by the Mesozoic strata of the younger basin..

The Pedirka Basin covers an area of approximately
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185 000 sqg km.. It is. contained mainly in the central north of
South' Australia and the soufheastern'Northerﬁ Territory; and
a small area possibly extends into southwestern Queensland
beyond the limit shown on Fig. 1. This map shows the lecation
of the basin within Australia and its.relation to ether known
Permian depesits. |
At the time of writing.(January,.l973)’petroleum

explorétion within the basin is believed to be at a standstill.

.Figure 2 shows the petroleum exploratioh titles held at various

times in the baéin and its-surrOunding'aréas; The most recent
activity has been the Three Corners Seismic and Gfavity Survey
conducted by Beach Petroleum (1971) in OP l7f during the latter
part of 1971. This and the Vamgés Mf;'Ross Seismic Survgy'(Vamgas,
1970), are the only exploration to have been carried out- in. the
basin since 1966 when the French Petroleum Company (Australia) Ltd..
| Ganed opzxrwﬁahz e o .
(henceforth called FPC(A)) its farmout from Delhi
and Santos (see Fig. 2)-,.and Amerada drilled Hale River i, the
seéoﬂﬁAand~last well within the Northern Territory part of the
basin (Ameiada; 1966), A total of six petroleum exploration wells
have been drilled in the»basin@' All were dry. Nevertheless,

geophysical-data-suégest that there may be large areas of virtually

"pnknown prospective strata and. that older sediments, as. well as’

the Permian, should be considered in future exploration.
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GEOMORPHOLOGY AND CLIMATE.

A major part of the land surface overlying the?Pédirka
Basin is composed of the north-northwestérly trending sand dunes
of the Simpson Desert (fig; 3). The desert covers: all of the
central and eastern areés of the basin and it is. enly to the wést*
of the railway line in the Northern Territory and west-of the
Finke River in South Australia, that the scenery changes. West
of the Simpson Desert the*gently-ﬁndulating'plateaux rise from
250 m above sea level. (a.s.l.) around Pedirka to over 500 m a.s.l.
in the nerthwest.. The only noteworthy hills in the regioﬁAére-
the Black Hill Range which are just outside the northwestern limit
of the basin (Fig. 3)~and-representithe‘surface outcrop of' an-:
ancient Proterozoic ridge.. |

The ﬁain»d:ainage system of dry watercodrées is provia;df
by the Finke River and its tributaries the Stevenson and- Hamilton
Rivers,  all of which in-fléod flow into the northern end of Lake
Eyre. The Todd, Hale and Hay Rivers flow into the nerthern parts
of'tﬁe desert, but do not cfoss it into South Australi$,

The basin unaerlieslsome~gf the most arid country. in-
Australia. Mosf-places~within the'region'can'expéct between 5 and
6 cm only of rain a year. Daily maximum temperatures frequeﬁtly
exceed»40°C during the summéfnmnthsand can fall below Oeclduring
the winter hightsw

The area is»remote-from Australia's main centres of

- population. Port Augusta (Fig. 1) is the nearest port (750 km)

and Adelaide the closest capital city (1050 km). Land access.to

the Pedirka Basin is from the north and south.. The Stuart:Highway
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‘(Fig; 3) runs just west of the area and it is 3. 200 km frem Darwin
south to Port Augusta-(Fig,-l). Alice Springs, which lies just
outside the nerthwestern border of the b&sin (Fig. 1),.is the
largestféentre of population in the region.- South of Alicé~springs
the Stuart Highway is mainly unsealed and can be untrafficable
in wet weather. The failway from Adelaide to Alice Springs
runs east of the road and passes through Oodnadatta; on the 'south-—
western limit of the basin, 960 km from Adelaide (Fig. 3).
Access into the western parts of the basin, west df.thé Finke
River, is reIatively.easyffor four-wheel-drive vehicles and a

number of tracks are available. Tracks of variable quality circum-

'navigate the Simpsoen Desert but very few actually enter the desert

area. The best one is that to the Andado Homestead, 100 km east

"Qf Finke (Fig. 3). Possibly the best routes to take into the

desert would be' those pioneered by the seismic teams over the last
ten years.. These tracks will often be aligned roughly north-

south, owing to:the-dune'trends, but a few east-west ones also

. exist, Travel within the desert is hazardous at all times of the

year and there are very few hatiﬁe water wells.
Regular scheduled air flights are available daily to
Alice Springs and Oodnadatta from Darwin. and Adelaide, which.

in turn have national and international connections..
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Table I

History of Petroleum Exploration in the Pedirka Basin¥*

Delhi-Santos took out OEL 20/21 (now PEL 5/6) .

Aeromagnetic¢ survey flown by Aefo Service Corp. for
Delhi-Santos (OEL 20/21).

Simpson‘Desert Seismic Survey by Geoseismic for
Beach Petroleum (OP 455L

March: Farmout agreement between. Delhi-Santos and
FPC(A). (OEL 20/21).

March-July : Pedirka Seismic Survey by CGG for
FPC(A) (OEL 20/21). B "

Augﬁst-November} Dalhousie Gravity Sur&ey by
Woﬁgela for FPC(A) (OGEL 20/21);

October: Witcherrie 1 drilleavby FPC(A) (OGEL 20/21).

December: Purni 1 drilled by FPC(A) (GEL.20/21).

December-January- 1964: 'fe;iﬂterpretation of aero=-
magnetic data by CGG for'ch(A) (GEL 20/21).

Daketa and Anacoora-Bores Seismic Survey by Geoseismic

for Beach Petroleum (OP.57).

.April-July: Kallakoopah Seismic and Gravity Survey

by United Geophysical for FPC(A) (OEL 20/21).
December—ApriL 1965: Poolowanna Seismic and Gravity
Survey by CGG for FPC(A). (OEL 20/21).
May-October: McDills.1l drilled by Ameradavﬁnder a
farmout from Beach Petroleﬁm (op 57).

June-0October: continuation of Peolowanna Survey.
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1966 February-March: Emery Seismic Survey. by CGG for
FPC(A) (OEL 20/21). | |
April-May: Mt. Crispe 1 drilled by FPC(A) (OEﬁ‘ZO/Zl);
AprilfJuneQ Perianna Seismic and Gra§ity Survey by.
CGG for Australian Aquitaine-Petroleum (OP 36) .-
June: Mokari 1 drilled by FPC(A)- (OEL 20/21).
September: Simpéon Desert.éA" Seismic Survey by
Austrai Geo-Prospectors:fér Amerada (OP 57)..
@ctober-November¢ Hale River 1 drilled by Amerada
(0P. 57). |
1969 farmout'agreement‘between Delhi-Sanﬁos and Vamgas:
N.L. (PEL 5/6). |
1970 Mt. Ress Seismic-Sﬁrvey-by United-Geophfsical for
Vamgas fPEL 5/6).
1971 ‘ Vamgas N.L. relinquished-Mt. Ross farm-in area.
ABéach Petroleum Three Corners Seismic.and'Gravity

Survey (OP 177) by Geosurveys.

*License areas shown on Fig. 2.
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HISTORY OF EXPLORATION'

Table I«shows the fecord of exploratién;wérk‘ﬁithin the'.
Pedifka Basin and Figure 2<the'Petroleﬁm Exploration and Develop-
nment Titles held at 1lst October, 1972. The South Australian
‘pertion of' the basin i5~co§ered-by P.E.L.'s 5 and 6 (originally
OEL 20 and 21, and changed in'1969f,»which'are held by Delhi-=
Santos. fhexarea east of 134°_was farmed out to the French
Petroleum Company‘(now Total Exploration) between 1963 and 1966
and the aréa to the west of 135° was held by Vamgas N.L. under
another later farmout-agreement,‘

Beach Petroleuﬁ,hold.O;P. 177 -which covers the major
pért of the»basinAwithin the Nofthern Territory; it was oence
farmed out to the Amerada4Petroleum_Cerporation; The northeastern
corner of the Pedirka Basin is at present held by Reef 0il . N.L.
under 0.P. 172. |

Drilling ceased in 1966 with the completion: of a sixtpf
dry hole within the basin (Hale River 1l). Vi;tually ne exploration
work: has been carried out. since: then.. |

FPC(A) covered fully their South Australianbfarmout
area with an airberne gravity survey' (FPC(A), 1964a) and a re-
interpretation of-aeromagnetiC‘dat&A(Lahérrere & Drayton, 1965).

A gravity plan of theistate,at’lrl 000 000, has Been produced -
by the South  Australian Mines Department'ana~a similar aeromag-
netic plan is nearing pubiication. The Northern Territory and

western Queensland have been similarly covered by the BMR. 2an

Aadequaté‘picture'ofatheSe geophysical data is therefore available

to assist with future exploration.’
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Most of the deeper pa£t~of the Pedirka Basin (éee Fig. 5)
has been covered moderately well by at least reconnaissance.seismic‘
surveys (Fig. 4).. The four survejs-conducted for FPC(A), (FPC(A)
1963, 1964b, 1966a & b; Draytoen, 1967) covered 2 440 line km and
the Vamgas (1970) Mt. Ross Survey 320 km in a total area of approxi-
mately 65 000 sqg km. Figures ;re-nof available'for the surveys
conductéd in the Nerthern Territory. TheAseismiC"data available
to datéAhave enabled several potential target structures to be
outlined and four wells have been drilled in South Australia

and two in the Northern Territory. Much more seismic coverage

" is needed in large areas of the northern parts of the basin and

also smaller areas along the western and eastern margins. This.
informatien is required te outline the limits: of the Permian
subcrop, to delineate possible pinchout zones and to define
structurés which could warrant further investigation..

The first of the six petroleum wells drilled in the
basin was Witcherrie 1. It was drilled by FPC(A)-léte in 1963
in order to adjust the»Megozoic and Upper Palaeozoic éeismic
markers alreédy‘known ffom-tﬁé préliminary surveys. It was
also proposed to identify the Palaeozoic formations. The-well
was located down-dip.on a faﬁlt—bounded structu&e.- Witcherrie 1
achieved its objéctive'in that it identified over 900 m of
possibly Devonian andiOrdbvigian-beneath the thin Permian strata
and found a good’reservdir in the ?Finke Groﬁp (Magnier,; 1964a).
Noléetroleum drilling-targets were prognosed for the well and it
was purely a stratigraphic-tesﬁ} |

Purni 1 was drilled immediateiy following Witcherrie 1

and, like the latter, was a-Stratigraphic test only. No total
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depth was fixed before drilling - it was to be decided during the

drilling of whatever Palaeozoic strata were encountered. Purni 1

- was drilled 45 km ENE of Witcherrie 1, just into the Simpsen

Desert, and was located to test Palaeozoic sediments which
geephysical«ﬁork had shewn to have different seismic characteristics
from those in the Witcherrie area (Magnier, 1964b). Purni 1
éncountefed‘fér thicker and more complete Mesozoic_(over 1 300 m)
and Permian. (375 m) sectioné than Witcheérrie 1 and intersected
?Lower Ordovician shales beneath the Permian. No ﬁevonian was
present in the well énd drilling ceased in. the ?0rdovician strata.
Good Permian porositieé were enqountéred in this well but no hydre-
carbon shows were recorded. _

Following the drilling of thése wellé, Magnier (1964b)
suggested that FPC(A) céncentrate future exploration on Permian
targets - partly as a result of the two abovementioned strati-
graphic tests and partly as.a result of commercial gas flows at
Gidgealpa 2 in the Cooper Basin in 1964. |

.Amérada's-first well, McDPills 1, was drilled in the
Northern Territory north of‘the_French wells dﬁring the winter of
1965 (Amerada, 1965). It was~:;;;;ed on the top of a closed
Permian structure which had been located from seismic surveys.

The well interseéted_approximately 700 m of Mesozoeic strata,

nearly 200 m of Permian, over 1 700 m of thick possibly-Devonian
rocks and bottomed in Lower Cambrian dolomites. This well was the
first deep test in the Simpson Desert and,_although no shows were
founa, it demonétrated the pessibilities for thick Lewer Palaeozoic
sections within the basin and disclosed a Permian section th{nner

than was anticipated.

Following further seismic surveys (Table I) and a

- critical re-evaluation of all data, FPC(A) decided to drill two
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more wells. Mt. Crispg.l was drilled 30 km west of Witcherrie 1
and 100 km southwest of McDills 1 (Jacque, 1966a). This well
was drilled*during April and May 1966 on the flank of a surface
structure (the Dalhousie Anticline) which alsoe had been defined
by seismic data. As expected, the Mesozoic and Permian sections
were thinner than these to. the east - approximately 450 m of Meso-
zoic and only 19 m of lowermost Permian.. The Devonian strata
were entireiy missing from Mt. Crispe 1 and the. 300 m of ?0rdovician.
and 900 m q'f Cambrian. sediments were considered dis\appoi-nti'ng
as'prospective hydrocarﬁén reservoirs (Jacque, 1966a).
Mokari 1 was drilled oh a seismically defined structure

by FPC(A) during Juﬁe 1966 and was planned with a Permian target
in mind. . The three earlier wells and fheir associated geophysical
surveys led FPC(A): to expeét a thicker Permian section to the east
and a thinner'ér absent Léwer.Palaeozoic section (Jacque, 1966b).
The well intersected over 1 700.m.of Mesozoic sediments, ovef
450 m of Permian and bottomed in.shaies-which were given a Lower
Ordbvician age-by ra&io—éctive»dating. The section was identi§a1~
to that in~Purﬁi 1 (Magnier, 1964b) bﬁt wéé.thickef in each
formation. No 51gn1f1cant hydrocarbonﬁihows were encountered and
the Permlan strata were con51deredzzglhave no good reservoirs. The
well was completed as an arte51an water well

| Amerada s Hale River 1 was: drllled in the desert 90 km
northeast of McDills 1 during October and November 1966. It was
~drilled to test a large pre—Permlan antlclxne which had been identi-
fied by éeismic methbds. The target zones were in the ére-Permian

formations but the Palaeozoic section was found to be much thinner



- 12 -
than anticipated (Amerada, 1966) and contained only 120 m of Permian
and 56 m of sediments which may beleng to the Permian or Finke Group.
All other Palaeozoic fofmations wefe absenﬁ. éood porosities were
encountered in some Jurassic and Permién-sahdS‘but no hydrocarbon
shows were found.

Four w;ter bores have also yielded infOrmatioﬁ on Permian
strata and aSsoéiéted microflora. They occur close to the western
‘eutcrop areas in the'Finke7River.region and are recorded by Evans
(1964) and Rochow (1965).

The six petroleum wells,despite a density of less than 1
in 30 000 sg kﬁ, have given much useful stratigraphic information
and have identified the thick pre-Permién-strata which were unknown
ten years ago and still remain virtually unteéted,

At this stage in the exploration of the basin, all
activity is at a standstill and future plans for the deeper parts
of the basin possibly could be best direéted towards detailed seismic
work of previously delineated structures followed up by exploration
drilling. A clese study of the gravity and aeromagnetic data would
assist in idehtifying areas with pessibly thick sediments énd
future drilling should concentrate on all of the Palaeozoic section
rather than just the Permiaﬁ. In the western areas, particularly
closer to the Amadeus_Baéin, there are good»possibilities that the

Ordovician-and Devenian sandstones and Cambrian sands and limestenes

- of the Warburten dépésitional area will provide suitable -reservoir

rocks in-both structural and stratigraphic traps. The Permian
sediments have been'shown to thicken eastwards and recent work
(Beach Petroleumf 1971; wWilliams, 1973) suggests that Triassic

caprocks (cf. the Cooper Basin) may be present in the eastern parts

3
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of the basin. Fig. 23 shows thresipossible interpretations of the

thicker Permian section in the eastefh»parts of the basin. Further

 details of this are given on page 37. The thicker members of the

Purni Formation could be developed similafly to those of the ster
Permian in the Cooper Basin and therefore contain adequsts reservoir
sands and sourcé-beds of coal.

Further p0551b111t1es for Permian stratlgraphlc traps
exlst around the margins of the basin and in the southern ‘parts-

(see FPC(A) Kallakoepah Survey) . Only a minimum amount of seismic

- work should be necessary to locate'pinchouts-prier to exploration

drilling.

A numﬁer of purely stratigraphis wells could also be of
great'advantage-in-long-term‘exploration of the basin and inform-
ation on the sediments between the Arckaringa and Pedirka Basins

would be one of the first targets. The northern region, over-—

- lying the Arunta Block, warrants much more investigation. Initially

a few shallow stratigraphic wells should be drilled to establish.
the: presence of Permian and maybe older sediments.

13

PREVIOUS LITERATURE

‘General.

Very little published literature relates directly. to the

Ps?irka Basin.. Some major contributiens have been presented by

 Sprigg (1963), Canaple and Smith. (1965), Laherrere and Drayten

(1965) , Rochow (1965) and Wopfner (1972). Most of the unpublished
work is in the form of company reports on geothsicai-and'drilling
work and nearly all of it is available on open file at the South .

Australian Department of Mines.
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Surface mapping of the‘Northern Territory part<ofAthe
basin is hearly complete. The Finke (Wells, 1969), Hale River
(Shaw; 1968),.McDills>(S£ewaft, 1968f and Rodinga.(Cook; 1969)
1:250 000 geological sheets have been published by the Bureau
of Mineral Resources (B.M,R.)~With accompanying. explanatory
ﬁotes'and the Simpson Desert North and South sheets are in pre-
paration. Preliminary geological sheets for the Dalhousie. and
Pooiowahna areas have been published by the South Australian
Deparﬁment of Mines and the latter sheet also has an unpublished
set of explanatory notes (Williams & Yoﬁngs, 1972). The Abminga

sheet is in preparation. F.P.C.(A) company geologists carried

~out field mapping on the Dalhousie sheet and around the Finke

River in the Northern Territory during the early part of their

farmout agreement (Cooeper et al., 1964).

‘Exploration.

Well completithrepcrthforAthé-six petroleum exploration
wells are'not published-but_five of them are available at  the Seuth:

Australian Department of Mines, (Amerada, 1965; Jacque, 1966a & b;

' Magnier, 1964a & b).

A summary of the geophysical work carried out by FPC(a)

in the Soeuth Australian poftion of the basin was published by

‘Laherrere. and Drayton (1965). The only other published material

covers the Northern Territory; seismic results are given by Moss

(1962), gravity by Langron (1962) and aeromagnetic by.Quilty and

',Milsom'(1964).~ The remaining geophysical- reports are available

on dpen file at the. South Australian.Department of Mines. Seismic

results in PEL's. 5 and 6 are given by FPC(A) (1963, 1964b, 1966a & b),:
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Draytoen (1967): and Vamgas (1970). Hall (1968), Krieg (1967) and
Stadter (l9f2)‘present.unpublished\seiSmic contour maps: of the
Great Artesian Basin within South Austfalia‘and revised metric
editions of the former two are in preparation at the.bresent time..
Seismic survey results from the Simpson Desert in the Northern
Territory are given by Beach Petroleum (1965, 1967, 1970 & 1971).
The only large;scéle gravity survey was carried out by FPC(A)
(1964).' Interpretations of airborne magnetic surveys are given.
by Delhi (lQéla & b, 1962) and Laherrere and Drayton- (1965).

No work has been published as a complete study of the
Pedirka Bésin. Parkin (1969)2presents a small amount. of infermation

on the basin.. Wells et al. (1966b & 1970). extend their studies

of the Palaeozoic Amadeus-Basin into the northwestern parts of the

Pedirka, Wopfner et al. (1970) discuss tbé Mesozoic rocks of
this part of the Great Artesian Basin and Smith*(1967) describes

briefly the Permian outcrops of the nerthern margin.:

THE BASIN LIMITS

Very little definitive information is available cencerning

+ the limits of the Pedirka Basin (Fig. 5). The estimation of an

‘areal extent of 185 000 sq km is therefore very approximate.

Exploration has been nearly entirely confined to the central- part

of:the basin but it is believed that the Permian strata extend

farther in nearly all directions and will still offer prospective:

exploration targets. In the west the underlying sediments are
Lower Palaeozoic in age.- In the east the thicker Mesozoic strata

will be underlain by Permian ‘and Triassic sediments much thicker
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than those found in fhe west which are, in tﬁrn, uhderlain by
possibly thin Lower Palaeozoics.

The‘nérthern limit ofvthe'basin has been placed around
the-outcrops-éf:?Pérmian.glacial déposits of the Tarlten Forhation
(Smith, 1967). These strata, which outcroep in-scattéred small areas
élong the northern edge of the Simpson'Désert, are overlain by
sediments of Upper Triassic-Lower Jurassic age:(Smith,j1967) and-
are very similar to those at Crown Poiﬁt in the Northern Territory
(Wopfner, pers. eomm.)‘thch have beeﬁ’déscribed by many authors,
including Wells et al. (1970).

Permian rocks were absent from those wells to the south
and east of the Pedirka Basin which are shown on Fig. 5.: The
eastern boundary of the basin haS»been drawn purely tentatively
and without ény séismic control. The Birdsville Track Ridge has:
limited Permian deposition.on its wesﬁern flank but the exact
limits are unknown.

"The Kallakoopah Seismic Survey.(FPC(A), 1964b) obtained
good results from a Permian refiector'in the northé:n half of the
.éurvey area (Fig. 4). . The report suggested they were derived
from coal beds. The quality of reflections deteriorated south-
.Qards, towards Poonarunna 1, and it is posSible that the coals
gradually disappear in this airection. Permian. strata may well
be present farther éouth than the boundary shewn, as Poenarunna 1
was drilled on a structural “ﬁigh" which was bald of Permian
(Magnier &4Cooper,~1964) and at least one sfratigraphiC‘well is
required in this region.i |

. The southeastern limits of the Pedirka Basin, as shown.
on Fig. 5; lie beyoend the~limit§ of fhe Kallakoopah Seismic Sﬁrvey

(FPC(A), 1964b)-and have been drawn with the ceeoperation of
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gra&itf and aefomagnetiC‘data in the area. Thé southwestern area,
south of Oodnadatta 1, has been drawn on the results of South
' AustralianlMines Department seismic work which has found the Permian
to be very.thin or absent in this area. Toe the northwest of
Oodnadatta 1, there may be thin sediments over the Bitchera Ridge-
(Figs. 6 &‘7), connecting the Pedirka and Arckaringa Basins.-

The western margin of'the“basin passes close to the-
Eringa Trough (Figs..é‘& 7), near Mt. Crispe i, and is then located
from the. Permian outcrops near the FihkerRivér.' Northeast of the
outcrops,~the'Arunta«Block is~knéwn to be close to the surface but
it is postﬁlated that tﬁin Permian sediments may overly it and:
thereby connect the Crown Peint outcrops with these in the. Georgina

Basin.

THE BASIN STRUCTURE

The broad sfructuralfelementS»within the basin can best
be described by reference to the‘aeromagnetic-(FigerG:& 7) and.
gravity (Fig.. 8) plans for the basin and its environSu»

Fig. 6 shows the original interprétation of depths to
magnetic basement which was carried out by‘Aéro-SerQice for ﬁelhi—
Santos (Delhi, 196l1la & b, 1962) and Fig.>7 shows the 1ater-interf
pretation of the same data by C.G.G;-fer'FPC(A). These two plans
were presented by Laherfere and Drayton (1965) who cencluded that
an average of the two probably givés the best indication of depths.
to the magnetic basement as defined by seismic surveys. The two
‘1nterbretat10ns have been included in thlS study to demonstrate

the regional trends and positions of the structural’ features.:
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The major trends within the Pedirka Basin are aligned
northwest and southeast. The northwesterly lines are associated.
with the older éroterozeic~structures in rhe’region.- The Peake
and Denison Ranges outcrop to the south of the‘Pedirka Basin. and
their influence on-the'aeromagnetic=and gravity patterns- is:
cleariy seen in Figs. 6, 7'&'8. This-trend‘dies out anng.thet
southwestern edge. of the western sub-basin where: the latitudinal

lines of the Musgrave  Block: (Bitchera Ridge; Devine & Youngs,

'1973) and Amadeus Basin exert their influence over the western

margins of the basin (Figs. 6. & 7). These east-west trends possibly

exist at depth into the western Pedirka Basin but are overlain’

by the predeminant norfh—nortneasterlyllines whichﬁcover'nearly

the entire area. .

The:gravity data (Fig;-S)‘clearlyishow'a northeasterly.
pattern of anomalies.running through the Mcbills 1 well and
towards the-Arunta>Block which underlies the noerthern part of the
basin (Fig. 5). 1In South Australia, the McDills Trend. appears to
change.direction and run'nertnwesterly close'to'Witcherrie'l-—-
thlS suggests that 1n this part of the basin it may be associated
with ‘the Peake and Denison Ranges trend

The McPills Trend divides the Pedirka Basin intoé the . two
Palaeozoic sub-basin§~which are centred along rhe’Northern Territory -
Seuth<Australian borderw The Permlan in the western ene was ‘named
the Pedirka Basin by Canaple and Smlth (1965) and is clearly demon-;
strated by geophysical methods in the area of Mt. Crispe 1. It
is believed that: the sub-basin contains thick Lower'PalaeGZOié

sediments as well as Permian.- The eastern sub-basin has Been‘called
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the_Simpsén Desert -Basin (Sprigg, 1962) and represents an area of
'gentlef gravity anqmalieS‘(Fig. 8)-andfprobab1y shallower depths.
to the magnetic basemént (Figs. 6 & 7). A very deep northeasterly
trending sﬁb-basin is present'closegto the’southeasternlmargin of
the Pedirka Basin and is accompanied by avnegativefgrﬁvity anemaly
(Fig. 8) - it is interpreted as being: 5 500 m deep by Aero-Service

(Fig. 6). This subeasin abuts on to the Birdsville Track -Ridge:

and has a shallower lobe-extending-southwards.towards Poonarunna 1.

As mentioned earlier in this report, the twe Palaeozoic
sub-basins will be referred to informally as western and eastern.

The northern parts of the basin have a- generally shallower-
basgment-and'the‘surface of'thé Arunta Block gradually rises towards
the norﬁhern margin of ;he Pedirka Basin. The McDills Gravity Plat-
form is an area of gentle, small gravity anomalies and moderately
deep aeromagneticbbasehent to the nerth of the deeper sub-baéins
mentioned earlier (Figs. 6 & 8). A small:- northeasterly aligned-
‘depression~i8‘ioca£ed on the edge of the McDills'Gravity Platform
close;fo'Malcolm's Bore (Fig.- 6) and is accompanied by a negative
gravity anoemaly (Fig. 8). N '

Figs. 9, 10, 11 and 12 show structure.centbur'plans-which
have been derived from seismic data. |

Five seismic reflectors have been recognised in the basin '

and they are defined as follows:

c - tep of Cadha-owie'FOrmation~(Cretaceous)

p - toﬁ of Permian o |

Pi - base Gf Upper Member, Purni‘Fofmation

z - base of Permian or Mesezoic, if: Permian is absent
b - base of Devenian; where present..
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The C, P and Z definitions are in use by the.South-Austrlian Mines
Department. Unfertunately, FPC(A), Vamgas and Beach Petroleum
frequently lapsed from thlS termlnology and care must be taken teo

dlstlngulsh between the companies' P, P1, P2 and 2z for each of

~ their surveys. It.1s found that P and Z do not always cerrespond

to the above definitions and that P, Pl and RZ.change levels
hetween surveys. -

Fig. 9 representsAthe uncenformity surface onto which
the Devonian (D) and later sediments were deposited. It shows
a definite northeasterly alignment of faults and of the Eringa
Trough (Dev1ne and Youngs, 1973). The area east of the Mcmllls:
Trend displays gentler structures- and less precise trends, par-
ticularly. to thevseuth of the Devonian limits and the information
suggests that some deepiPalaeozoic basins could be preserved in
the Northern Territory north of Purni: 1 and Mokari 1 (Fig. 14).
The base of the Permian ("2z" herizen) (Fig. 10), is similar4to
the  lower surface and shows the substantial infilling of the
troughs which occurred during the Devonian (Fig.- 13). The throws
of theAfaultS'aretsinilar-at>both levels.

The -"P" structure contour plan (Fig. 11) covers much of
the explored parts of the Pedirka Basin. 1In the-Squth Australian
portion, the trends are similar to those for the two lower
herizons-but display gentler structures-and occur at shallower
depths. The structure in the Northern Territory demonstrates the
contlnuatlon of the strong northeasterly trends from the Eringa
Trough into the area west of Mchlls 1. Data for this part are-

scarce but it is believed that ‘the unknown. structure on Fig. 11 is
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a troeugh downfaultéd to the west of the McDills Trend. As in the
South Australian portion, the structures in theAremaininé part of
the Northern Territory are less clearly aligned but the' centours
indicate that the bésin»ceuld be deeper between Hale River 1 and.
McDills 1. Recent work'by Beach (1971) has identified several
features in the area nerth of Purni 1 and Mokari 1, they are not
shown in Fig. 11. Throws of the faults are generally less than 300 m.

The basal Cretaceous "C" plan shows the structure of the
Cadna-owie Formation (Fig. 12). The same general pattern of faults
and structu;eSﬂhas-centinued up»tﬁe'sequence from the underlying
strata but structures are noticeably less severe and the influence
of faulting isAgreatly reduced (Figs. 13 &'14). Fault F2 is not
present at this level (Fig. 12).

The top of Permian and basal Cretaceous plans: (Figs. 11
& 12) both display east-west trénds.and steeper gradients in the
area of Hale River 1 and to the west of it.' This is proebably in-
fluenced by.the relatively shallew-lying Arunta-Block and marks thé
northefn'margin of thicker Pefmian deposition in that area.:

The structural features which have been detected at the |
seismic.horizons are discernible in the medern topography. Most
of thq!surface features wifhin-the basin are obscured by the
Simpsen Desert but the area west‘of‘the Finke River has been
mapped by Coéper-et aZ,(1964). The Emery Range and Dalhousie
Anticline (Fig. 16) are surface expressions 6f part of the McDills
Tregd and fault Fl runs through the middle of the eroded anticline..

Soﬁe faults: in the regién are moving at the present
time. Recent earthquake data suggest that fault F6, which marks

the eastern limit of the thick Permian coal beds .(Drayton, 1967),.



D - : ,

TABLE II: WELL DATA AND FORMATION TOPS
Well Name HALE RIVER 1 | McDILLS 1 MOKARI 1 . | MOUNT CRISPE 1 | PURNI 1 WITCHERRIE 1
Latitude 25%15v4gms | 25%3vsoms . | 26%19v06Ms | 26%26'437s 26°17'10"s | 26°22'20"s
Longitude 136%43'36"E | 135°47'25"E - | 136°26'22"E | 135°22'36"E 136°05' 35"E [ 135391 10"E
K.B. ma.s.l. 125 126 68 131 78 87
FORMATION TOPS IN METRES; BELOW S.L.
TERTIARY § HOLOCENE - SFCE SFCE SFCE SFCE SFCE SFCE
CRETACEQUS : +64 +105 111 +122 " 38 +72
CADNA-GWIE FMN "C" 715 312 1124 " 54 903 191
JURASSIC 750 337 1172 81 946 229
PERMIAN: PURNI FMN "P* 1144 591 1735 - 1339 468
. CROWN POINT FMN - 784 2085 315 ©1620 471 -
DEVONIAN: IDRACOWRA SST - 7856 - - - -
' HORSESHOE BEND SH. | 71260 21030 - - - 7568
LANGRA FMN - 1066 - - - 7710
POLLY CONGLOMERATE| - 1642 - - - - 7906
MEREENIE SST - 2036 - - - - -
ORDOVICIAN - 22377 72186 7334 21708 71083
' TD=2318 TD=1797 rD=1378
CAMBRIAN - 2625 - 647 S -
TD=3080 | Th=1590
PROTEROZOIC 21309 - - - - -
TD=1507
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is aligned with other faults to thé‘southeast and that it has moeved
during this century (Youngs & Wopfner, 1972). It runs in a noerth-
Wgstérly directioen and is therefore associated with the older

tectonics of the region.

STRATIGRAPHY

Generali

. The Pedirka Basin-is, by definitien, Permian in age and
the present day area of the basin contains sediments ranging in
age.from Permian to Holocene. Three of the wells (Mt. Crispe 1,
Mokari 1 and.MéDills 1) have identified Lower Palaeozoic strata
and the other three intersected sediments which can reasonably
be presumed to be Palaeozoic in age (Table II). The Pedirka Basin
is possibly underlain by large thicknesses of Palaeozoic strata, -
particularly in the western parts of the basin (Fig. 16).

The Permian and'youngerkrocks are entirely sedimentary
in origin and centain some non-detrital ﬁinerals e.g. pyrite in
the Purni Férmation and glaucenite in the Ruﬁbalara Shale. 1In
many places the sequence is capped by a silcrete layer which
crosses stratigraphic beundaries and representé the result of an
ancient stable landscape which underwent deep weathering (Wepfner
& Twidale, 1967).

~The clastic sediments fange.from shales through to
cenglomerates and diamictites. The Rumbalara Shale is predomi-

nantly a dark grey mudstene. Shales were also intersected in the

" Purni and Crown Peint Formations. - Sands eccur at intervals through-

out the Permian to Holecene sequence and include the De Souza
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Sandstene and the Qlacigene sands of the Crown Point Fermatioen.
Cénglomerates are found in thé basal Purni Formation and also
in the underlying Crewn Point Formation. .The Crown Point sedi-
ments alse contain diaﬁictites in the subsurface occurrences
but none have been recorded from the outcrops in the Nerthern
Territory. Carbonates do not constitute a major litholegy in
the Pedirka Basin and no large sequences have been intersected
in the Permian teo Helocéne strata. The silcrete forms a solid,
impermeable layer of guartz.

Potential reservoir and-cap rocks occur throughout the
sequence. The Permian sands afe interbedded with shales and ’
coals, the former of which déuid provide cap rocks and the latter
source beds for hydrocarbons. - This is the case in the Cooper
Basin to the east. The Jurassic sands provide excellent reservoir
cenditiens and the overlying Cretaceous shales and silts could
act as cap rocks. Thin lignitic.beds in the continental Jurassic
sequence and marine shales in the Cretaceous are possible source
beds for hydrecarboens. | |

Interpreted en&irenments for the deposition of the
Pedirka Basin_sediments suggest that much of the sequence:has been
deposited under terrestrial conditioens. ‘The lowermoest Permian
sediments were depesited in a glacial te periglacial envirenment
and the overlying Purni Formation and De Sogza Séndstone in
tefrestrial'conditions. The Cretaceous sédiments were deposited 
under incfeasingly marine conditionszénd a return te a terrestrial
environmeﬁt occurréd during the deposition of the uppéréést Cre-
taceous formation (Winten). The Tertiary and younger sediments,

including the silcrete, are-all terrestrial (Fig. 15).
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Maximum sedimentary thicknesses ha&e been recorded in
Mokari 1 (the mest southeasterly well) where 1 077 m of Cretaceous,
563 m of Jufassic and 451 m of Permian strata were intersected.
As mentiened previoeusly, seismic work Suggests that these sectioens
are increasing in an easterly direction.
Dips increase with the age of the sediments but in the
Permian and yeunger strata they are very small to hofizontal.
Qtructures within the Mesozoic rocks are bread and conteurs en
éhe base ef the Cfetaceous ("C" hoerizen, Fig. 12) trend approxi-
métely nerth-soeuth. The Permian structures are naturally less

gentle but still tend te align nerth-south ("P" herizen, Fig. 11).

s

.The base of the Permian ("2z" herizen, Fig. 10) represents the pre-
/. : .
ijermian uncenfermity and is more complex than the two higher

.

/ structure contour maps.

7

Unconformities occur at the base and top of the Permian,

at the tep of the Cretaceous and at several stages throughout the

- .

,;Piecambrian and Loewer Palaeozoic.

DY

The Pedirka Basin is bordered by the Amadeus Basin in
the-n@rthﬁest and the 0fficer Basin in ﬁhe southwest (Fig.AS).
Both of these are filled with sediments rangihg'in age from
Adelaidean to poessibly Devenian or Carboniferous fKrieg, 1969;
Wells et al., 1970) and it is probable that at times sedimentatien
may havezbeen'laterally continuous fromﬂthe Amadeus to the Officer
by way of»the future Pedirka Basin.

The officer Basin is virtually unknown and.has noet produced
any commersial gquantities of hydrocarbons to‘dste. The Amadeus

- Basin has been well documented (e.g. Wells et al., 1970) and is

producing gas from the Ordovician Pacoota and Stairway Sandstones
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at the Palm Valley and Mereenie Gas Fields. 1In the'light of this
knowledge, the pre-Permian sequence of the Pedirka Basin frequently
has been interpreted as representing a lateral continuation of the
Amadeus sediments and this study will-continue'to describe the pre- -
Permian with an emphasis on this area.
Pre-Devonian

Figure 15 gives a brief descriptioﬁ of the pre-Finke
Group strata that eccur in the Amadeus Basin (Wells et aZ.; 1970).

The Archaean Arunta Complex underlies the nerthern part .
of.the Pedirka Easin and was possibly penetrated in the base of
'Hale River 1 (Amerada, 1966); The basement here consisted of
volcanics and velcanic conglomerates. |

No proven Proterozoic strata have been reported in wells
in the Pedirka Basio. The basal formation in Purni 1 was assigned
a Proteroezoic age purely on a lithelogical cemparisen with shales
in the Amadeus‘Basin. Simiiar shales in the nearby Mokari 1 were
indicated to be Ordevician by radio-active dating. - The shales |
of similar lithelegy in Purni 1 could have a similar age. The
dating method used by Amdel was K-Ar on a whole-rock sample and
is therefore open to qﬁestion. That data may documeﬁt an Orde-
vician erogenic event rather than the age of deposition of the
sediment (Evans, pers. comm.). Wopfner (Z»n Parkin, 1969) reports
a confirmed Lower Ordovician age for steeply-dipping, dark sheles
under the Cooper Basin te the east.

McDbills 1 intersected over 450 m‘of rocks showing litho-
logical similarities to the Tedd River Dolomites. These dolomites
occur in the Amadeus Basin as part of the Cambrian Pertaoerrta
Group. The rocks in Mcbills 1 (Amerade, 1965) were correlated

on lithelegical and palaeontological grounds - Lower Cambrian
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brachiopodabwere found in the cores. Mt. Crispe 1 intersected
nearly 1 000 m in a mon@tonousbsequence of sandstones, siltstoenes..
and occasional delemites (Jacque, 1966a). These strata_élse have
been tentatively correlated with the Cambrian Pertaéerrta Groﬁp,
purely on lithoelegical grounds.

The Ordovician Larapinta Group in the Amadeus Basin is
subdivided into five alternating sandstone and siltstene sequences
(see Fig. 15; Wells_et al., 1970). The twoe lowermost units are
nét present in the subsurface of the seoutheastern Amadeus Basin
but the overlying three are pfesent.. The lewermest of the three,
the Stairway Sandstoene, is cohsidered-to have.pessibie lateral
extensions into the Pedirka Baéin. Mt. Crispe 1 and Witcherrie 1
intersected hard, pink and white quartzitic sandstones which
contained red and green clay interbeds. 1In Mt. Crispe 1 these
silts contained Ordevician brachiepeda, so these two subcrops
together with an unnamed indurated sandstone in McDills 1
(Amerada 1965) are tentatively cérrelated with the Stairwéy
Sandstone. As mehtioned earlier (p.il) the hard, dense, grey
shales intersected at the bottom @f-MQkari 1 have-been.radio-

actively dated as Lower Ordevician and it is possible that these

and the litholegically similar ones in Purni 1 may be lateral

extensiens of these under the Cooper Basin and fine-grained lateral
equivalents of the widespread Stairway Sandstene. '~

The Mereenie Sandstone attains thickhesses of over 600 m
in the southeastern parts of the Amadeus Basin and the subsurface
occurrences are believed to extend te the Black Hill Range (Fig. 3).

There is every poessibility therefeore that the sandstone ektendS'

inte the subsurface of the Pedirka Basin. It is likely that the
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341 m of red-brewn to wﬁite sandstone: beneath the P@ily Coenglo-
merate in McDills 1 (Amerada, 1965) is a lateral extension of the
Mereenie Sandstone although ne definitive evidence is available.
The leowermost Devenian units in Witcherrie 1 (Units I & II in
Magnier, 1964a; Cooper et aZal9é4) (sée Fig. 15) ceuld pessibly
be Méreenie Sandstene. The t&e units ha&e-a combined thickness

of 338 m and altheugh the text descriptiens de not suggest any

- correlation with the Mereenie Sandstone (Magnier, 1964a), the. core

descriptions clearly identify red and white, medium teo coarse
sands with massive cross-bedding. Units I and II aé mapped b?
Cooper.et al., (1964) are directly cerrelatable with the two
lowest formations of the Finke Group. It is therefore believed

that they may have been incorrectly identified in Witcherrie 1

and that the Units I and II in the well are really possibly

Mereenie Sandstene.
Devono-Carboniferous (?) - The Finke Gr@up

The Finke Greup is equivalent in time to at least a large

part of the Pertnjara Groeup of the Amadeus Basin (Wells et aZu;

1970; "Joenes, 1972). It outcrops only aleng the southeéstern
limits of the Amadeus Basin (Wells et al., 1970) and is known
also from a few waterbores.

The group has been diVidéd inte four formations which
are, froem the base to.the toep:- the Pelly Conglomerate, Langra
Formation; Horseshee Bend Shale. and Idracewra Sandstone.

The Finke Group's position in the southeastern Amadeus
Basin allows the possibility that it extends inte the Pedirka
Basin. Formations of the group have been suggested to underlie

the Permian strata in Witcherrie 1, McPills 1, Hale River 1 and
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bore G 53/6-143. The three remaining wgllé in the basin were
drilled deep enough.to’interéect Finke Group sediments if they had
been present. The absence of these strata in Mt. Crispe 1,
Mokari.l and Purni 1 is due either:to nen-deposition or erosion.
The_answe; to this.question is.importapt in determining the struct-
ural hist@ry of the area aﬁd requires further study.

The Polly Conglomerate, as defined, is a pelymictic
conglemerate with pebﬂles, cobbles aﬁd boulders derived from -
igneous, metamofphic and sedimentary seurces which vary lecally

with;n,the southeastern Amadeus Basin. In McDills 1 394 m of

~conglemerate with some interbedded sandstone and shale layers

were intersected.. The conglomerate contains granite, marble,

shale and other fragments up te 8 cm long in a matrixpfiﬁ’uff~

te red, subangular, fine toe coarse sandstone'(Amerada{'i965¥.1_.
The strata intersected in McDills 1 may reasonably. well.

be directly correlated with the Polly Cenglomerate beéause of |

their litholegical similarities with those of the type section

(Wells et al., 1966 & 1970) and theirAstratigraphic positien

within the pre-Permian sequence in the well. Also, McDills 1

is relatively close to the Amadeus Basin.

Cooper et al. (1964) named the sands and conglemeratic

layers of Witcherrie 1 as Unit II of the Finke Group - the

- present study has revealed that this unit's stratigraphic poesitien

and lithelegy may suggest a tentative correlation with either the -
Mereenie Sandstene or Polly Cohglomerate, rather than the Langra

Formation.
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The Langra Formatioen (Wells et al., 1966) is the moest

widespread of the Finke Group formations in the Amadeus Basin.

It is dgscribed as predominantly a sandstone formation (150 m

thick at Horseshoe Bend) which can be divided intéo three units.

fThe'lowermost is a poorly-serted, cress-bedded, pale sandstone with
- conglomeratic to silty interbeds; the middle unit is a red silt-

.stone and the tep one a fine-grained sandstone.

McDills 1 intersected 528 m of perous, cross-bedded

¢ISandstones which were conglomeratic at the base and calcareous
at . the tép. Grey-gréen‘shale interbeds were encountered throeugh-

'“ji Qut the_seétien.w Witcherrie 1 intersected'l42 m of coarse, grey

sands with red-green silty layers and argillaceous cement. The

‘-._-présence of the sands~and conglomerates above the presumed Polly'
'L:Cenglomerate in McDills l’éuggests that they are lateral rock
,iextensions‘of‘the Langra Formation. The sediments in.Witcherrie 1
V“f arefmere difficult‘té identify. Their positien is abeve the
"-l;probable Meréenie Sandstene and/or Polly Conglemerate énd beneath
' £hélPermian. The known wider distribution of the Lahgra_Formation
:_farther north has resulted in these strafa, whichAwere named Unit III,
'(Hérseshoe_Bend‘Shale) by Magnier (1964a), to be corfelated with
i‘the;Langf%AFormation. This'unit may also contain some of the over-

lying Horseshoe Bend Shale.

The uppermost unit of the Finke Group in.Witcherrie 1

"ﬁumay represent an interdigitating of the Langra Formation and Horse-
':shoe Bend Shale. The litholegy encountered (Magnier, 1964a)

fsuggests that the sediments'most probably are Langra Formatioen with



N

- 30 -
interdigitatiﬁg of the red and green. shales of the Horseshoe:
Bend Shale. |
The Horseshoe Beﬁd Shale of the Amadeus Basin (Wells.
et al., l966)lrests.conformably on the Langra Fermation. In the
type section at the Finke River, it is a series of red and green

shales and siltstones which. contain abundant biotite, ripple

' marks, mud cracks and gypsum.

McPills 1 intersected 85 m of red, brown and green

bietitic shales and siltstones which are slightly calcareous

_at‘the base (Amerada, 1965). }Their-lithology'iS'very similar to

that at the type section and suggests they can fairly certainly

" be called Horseshoe Bend Shale. Water bore G 53/6-143 (Fig. 5)

bottomed in 12 m of brewn, biotitic siltstenes which have been

‘interpreted as Horseshoe Bend Shale (Evans, 1964).

In Héle River 1, 56 m of shales with interbedded sands

.and«underlying sands were intersected between basement and

_Pefmian-sediments (Fig. 18). Their correlation is ambiguous.

They could be Permian sediments (Purni Formation) or Devenian -

Carboniferous in age (Finke Group). As at Witcherrie 1 (mentiened

above), the lithologies allow at 1east-three possible Devoenian
interpretations to be made. They may represent the siltier
facieé of ﬁhe middle section of the Langra Formation overlying
the sandier lewer'division; a generally sandier facies of the

Horseshoe Bend Shale, or thin marginal accumulations of both

- of the twe above formations. Fig. 18 shows the interpretatien

. of Finke Group strata between 1378 m and 1434 m. Fig. 17 suggests

that'this interval could alse possibly be correlated with the

' Middle Member of the Purni Formation (see page35).
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The Idracowra Sandstone (Wells et al., i966),@utcrops
in é small area aleng the Finke River. It consists ef-60 m of
medium te fine, kaelinitic sandstenes which are generally well
sorted (Wells et ai., 1970). It disconformably overlies the
Horseshoe Bend Shale. ‘

| McDills i_infersected 174 m of grey-white, fine to
coarse sandstones overlying the probable Horseshoe Bend Shale.
The sediments have ?een interpreted as lateral representatives:
of the Idracewra Sandstone (Amerada, 1965).

No fossils have been found in the formations of the
Finke Group. The Pertnjara énd Finke Groups are found inter- -
.fingering in their outcroeps in the southeastern Amadeus Basin
(Stewart, 1968; WellsAei al., 1970) and both-directly overlie
the Mereenie Sandstone. The Finke Group has been tentatively
assigned a ﬁiddle Devonian te early Carboniferous age by Jones.
(1972)-Who‘suggests that at any given time twe or three of the
Pertnjaré?énd Finke Group feormations were being deposited-and
that théy'thérefere pessibly represeht lateral facies variations.
Permé-fCarboni}erous?) - Croewn Peint and Pu;ni Formatioens..

The Permian and ?Upper Carbeniferous strata of the"

" Pedirka Basin have been divided inte two formations, These are

the iewérmost Crown Peint Fermation and the overiying Pufni
Formation, which is*possibly discenformable on the Crown Peint
Fermation. Both the Crown Peint and Purni-Formations outcrop
along the basin margins.

One fqrther minor eccurrence of Permian,rocks is’ reported’

by Quinlan and Forman (1968) whe described 31 m ef Upper Permian
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sandy clays overlying.the Arunta Coemplex in a water boere (F 53/
13-224) en the west of the Hermannsburg Sheet. No outcrops are
known and this occﬁrrence‘iS'presumed to be an isolated patch of
Upper Perﬁian sediments in a basement pocket. Older sediments
outcrop extensively in this area and in the regien towards the
Finke River outcrops.

The Permian coerrelations made. in this study are pﬁrely
téntativeland alternative ones may well be pessible. Further
driliing.is required to increase the present knowledge of Permian
and older strata.

Workers in the Northern Territery have placed all
Lower Permian sediments into the Crown Peint Formatien, whereas
FPC(A) identified an oﬁerlying,.non-glacial»formation_which they
infermally named the Purni Fermation (Jacque, l§66b). In this
study an attempt has been made te identify the pessible Purni
Férmation sediments within the Northern Terriﬁory wells and

bores.

The Crown Point Fermatien, at its eutcrep sectiens in

" the Northern Territory, consists of a series of diamictites (Flint

et al., 1960a & b), pebbly sandstones and clays which are at least
50 m thick (Crowell and Frakes, 1971). Some c¢f the bouiders,
cobbles and pebbles shew evidence of glacial striée but in general
the evidénce for glaciation is weak and reétricted to the lower
levels of the outcrops.. .

Throughout the Finke River outcrop area of the Northern
Territery, the diamictites are overlain by sandstones and silts.
These sands are white, fine to medium grained, well sérfed and

kaolinitic. The clays and silts are vari-coloured, micaceous
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and generally sandy. The sands overlying the glacigene sediments
displa§~convélute and coentorted bedding, slumping, cIimbing—
rippleilaﬁiﬁae‘and manY»other_féatures-resulting from depositien
in a fluviatile envirenment (Crowell & Frakes, 1971; Chewings,
1914; Pavid & Howchin, 1924; McKee, 1966). See Plates 1, 2 and 3.
o Diamictites have been recorded from wells and bores

in the Pedirka Basin. McDills 1 penetrated 71 m of "cenglemerate"

composea of chert and metamorphic pebbles in a shale matrix

(Ameradé; 1965) . The feur South Australian wells reported up to

101 m (Mokari 1 and Witcherrie 1) of guartzite, limestone and

dolomite:éebbles.and cobbles in a grey-green shale mafrix. In

all caéés the diamictite layers are interbedded with sands and
clays (éeezAppehdix I) (Jacque, 1966a & b;-Maqnief, 1964a & b).

Two of the water beres (G 53/6-120 and G 53/6-143) prebably contain
the.glaéiél Crown Point Formation. Evans (1964) presents lithoe-
logicaiJlégsAof»the bores where theFStfata~are represented by
diamicfiﬁes: sénds ana clays. ' Malcolm's Bore prébably centains

83 m offgiﬁilarglacigene sedimenté (Rechew, 1965). Fig. ‘19 shows

sand-shale ratios and isepachs for the Crown Point Fermatien within

part of its pessible subcrop area. Sand percentages are greatest

~at Mt. Crispe 1 and decrease towards the nerth. Limits of the

formation are uncertain and poessible extensions could eccur in

several directions.

An area of glacigene outcreps occurs aleng the possible

northern margin of the Pedirka Basin (Fig. 5) at the edge of the

Georgina Basin. Smith (1967) reports eutérops of the Tarlton

Formation (Condon & Smith,- 1959) which are composed of a basal

pebbly layer and an upper shale layer. The latter was found to



1 N
'-‘

—

- 34 -

contain‘Uppér Triassic-Lewer Jurassic plant remains and Smith
has therefore placed the whele sequence within the Mesozoic.
Wopfner (pers. comm.{ belie&es the iewer conglomeratic beds are
comparable with these.of the true glacial Crown Peint Formatien
in the Nerthern Territery. The lower levels of the Tarlten
Formation outcrops have therefore been included in the suggesfed
area of Permian deposition.

| As in the Finke River outcrops, the diamictites and
asseciatéd sediments are overlain by conglomerates, sands, shales
and, higher in the subsurface sequence, ceals. The whole
sequence of the Purni Formation is similar te that of the
Patchawarra Formatién in the Cooper Basin (Kapel, 1972). The
lower levels of the formatie'n. aré predomihantly grey, fissile,
carbonaceous shale with a few sand and conglomerate layers (Lower
Member) (see Appendix II) and, particularly in Mekari 1, the
Middle Member is a medium grained to coenglemeratic, grey sahd-

stone (Figs. 20 & 21). The Upper Member is a series of generally

thinly interbedded sands, shales and coeals with the latter in-

creasing in prominence upwards (Fig. 22). :Throughout the Purni

Formation the sands are well-serted, kaoelinitic and sometimes

- compact and argillaceous,

The three members of the Purni Formation were inter-
sected in MéDil}s 1; Here the éequénce is sandier than that in.
fhé"ééutherh wéllsiahd éhale occurs 6nly iﬁrthe Upper Member.
Thekihréé members were also intersected in Purni 1 and Mokari 1.

Witchefrie 1 contained approximately 3 m of sands and shales

. (see Aﬁpendix II) above the glacigene sediments and Hale River 1

‘intersected 109 m of sands, coals and shales and a further 56 m
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of pessible Purni Fermation beneath them (Figs. 17 & 18) (see
page 30). The four water bores in the Northern Territery inter-
sected a series of vari-coloured shales, silts and kaolinitic
sands which, aitheugh originally interpreted as being part of the
Crown Point Formation, are fairly certainly part of the overlying
Pﬁrni Foermation and de not diéplay any characteristics of glacial
sediments (Evans, 1964; Rochow, 1965).

There are three reasons for believing that the Crewn
Point Formatien in the Noerthern Territqry is oeverlain by sediments
of ﬁhe Purni Formation and that the whele sequence is ﬁot glacial.

(1) In the four South Australian wells and Mc¢pills 1,
the Crown Point Feormation is fairly censtant in thiqkness where
the Purni Formationlis présent-abéve it (Fig. 19). There is no
reason why the section thickness should increase rapidly to the
west and north (away froem the glacial sourcés) in the water bores
énd Finke area as it would have to if tﬁe Permian strata were all
Croewn Peint‘Fofmation. -

(2) Balme (in Evans, 1964) regarés the uppermost
Permian in McPills 1 (i.e. Upper Member of Purni Formation) f@
be elder than that in the upper levels of Malcolm's Bore. As |
the strata in McDills l,a;e coaly and clearly nen—glacial it is
suggested that a large parf, possibly 379 m, of the Malcolm's
Bore sequence is also part of the Purni Formatien.
l | (3) Pavid and Howchin 11924) suggested that the
glacials could be overlaih by younger coal-bearing strata te
the east and southeast of Yellow Cliff (Fig. 3). This inter-
pretation would enable. the Loewer and Middle Memberé of the Purni
Formatioen to’be<present botﬁ at the outcrop sectiens and in the

water bores.
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The Crown Peint Formation is named after a lecality on
the Finke hiver in £he Northern Terrifery. Tate & Watt (1897)
were the first writers to recoénise the glacial nature of the
strata and mény later workers including Chewings (1914), David
and Hewchin (1924) and Ward (1925) described the section at Crown
Point. The formatioen was formallyqnamed by Wells et al. (1966)
and the type section is at One Tree Point (Fig. 3).

The Purni Formation was named after the drilling of
‘Purni 1 (Magnier, 1964b; Jacque, 1966b). The name has not been
formalised and the auther is unable ﬁo find any published
reference to it.

The Créwn Point Fermation is present in alllweils and
bores except Hale River 1, It is possibly the m@st:extensive
of theltwo»Permian formations and is pr@bably continueus from
the Nofthern>Territory outcrops thréugh the subsurface occurrences.
The formatien is similar in litholegy te that of the Boorthanna
Formation (Unit II) in the Arckaringa Basin (Tewnsend,-l973) and
“the Merrimelia Fermatlon in the Cooper Ba51n. It is net laterally
contlnuous w1th the latter but may be centlnueus with the B@erthanna
Formatien in the nearby Arckaringa Basin (Devine & Youngs, 1973).

The Purn1 Formatlon is believed to be present through-
out most of the Ped1rka»Ba51n and possibly is enly absent .from
Mt. Crispe 1 as a result of,erosion; The formatioen thiéknesses
increase eastwards, particularly te: the eést of the McDills Trend.
(Fig. 23). |

The coal;bearing strata of the Upper Purni Formation

have been identified by seismic WQrk in much of the Soeuth Australian
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portion ef tﬁe basin. Records show that'these coely beds thicken,
by the addition of younger sediments, eastwards froem Mokari 1 and

a maximum Permian sectioen of at least 650 m is. attained near the
'area of the SA-NT border at 137°E (Figs..lo & 11). THe seismic
records show a gradual decrease in thickness eastwards and'soﬁth-
wards from this area and it is possible that the coal beds die out
 before the edge of the Permian basin (Fig. 23). 'The seismic records
(FPC(A)., 1963, l964b,.1966a'& b; Vamgas, 1970) show the possible
existence of the older Purni and Crown Point Formations between

the liﬁit of the coals and the western basin margihs,_ The strati-
‘graphic interpretation of the Permian rocks at Hale River 1 would.
suggest that the lowest of the three'interpretations'éhown in Fig. 23
may be. correct, at. least in the nerthern parts of the basin. This
view would greatly enhance the petroleum prospects of the Permian
strata east of the McDills.Trend. The middle of the interpretations
shown in Fig. 23 is suggested as.a further alternative for the
northern area. The two interpretations are both considered possible
at this stage while the age and stratigraphic-cerrelatiens of Hale
River 1 are uncertain. Mt..Crisﬁe 1 and Witcherrie 1 were d;illed
in-an area with only thin Crown Point Formation and seismic results
(FPC(A); 1963 & 1966a; Vamgas, 1970) clearly show the greatly
increased Permian section (includiﬁg coals) to the west éway from.
. the influence of the McDills.Trend. The Permian strata in this
"southwestern region thin and poseibly also die_eut fairly.rapidly
away-frem,the deep Eringa Trough (Vamgas, 1970) but the older non-
coaly sediments may.extend southwards and inte the Arckaringa

Basin (Devine & Youngs, 1973).
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The Purni Formation is unconformably overlain by

Mesoezoic st;éta throughout the basin.

Age and Palynology of Permian

Prior to the commencement of this study, there were

little palyneloegical data from wells in the basin. Therefore

'W.K. Harris (South Australian Geological Survey) was asked to

investigate Permian core Samples'from three of the South Australian

| wells. His full report is given in Appendix I. Fig. 24 shows a

summary of his results and those obtained by Evans (in- Amerada,

1965; Magnier, 1964b; - Jacque, 1966b) .

This new work revealed the complete lack of any marine
microfossils within the sequence.> This means that the marine
incuréion;equivalent to the depesition of Stuart Range Formatioen
(Unlt I) in the Arckaringa Basin did not eccur here. No micro-
.f0551ls were recovered from the Lewer Member sediments but it is
believed that they are Artinskian in age and that the whole of
thé Purni Foermation is centained within Stage 3 CFig. 29) .

Figs. 17 and 18-showtlog'corre1atiens for the wells
in the Pedirka Basin and, in co-operation with the new paiyno-
logical datiné from Witcherrie 1, Purni 1 and Mekari 1, they add
to the evidence suggestingAthét some of the former Crowﬁ Point
Formation in McDills 1 and.Halé River 1 is in fact Purni Fermatien.

The Crown Point Formation falls within Stage 2 (Fig..zs3
and is net known to extend down inte the Carboniferous although
there is e&ery possibility that the glacial phase commenced
before the Permian (Wells et al., 1970) as a resuit of the Alice
Springs érogeny. - | |

No reliable palynelogical data are available from
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-Malcolm's Bore. Wopfner (pers. comm.) reports that no reliable

samples were taken during the drilling and that cuttings later

submitted to Balme (in Evans, 1964) were possibly not frem the

levels indicated. It seems, however, that Stage 3 Artinskian

microfossils were obtained from Malcolm's Bore and also the

otherlwater bores.
Environment of Deposition

Thé‘depositionél environment of the Crown Point Fermation
is envisaged as being periglacial-shallow marine and/er terrestrial.
No glaéiated pavements or other direct evidence of glaciation have
so far been found in the Pedirka'Basin, it is therefere censidered.
that the glaciers existed in highlands to the south (Peake & Denison
Ranges), southwest (Musgrave Block) and poésibly northwest (Amadeus
Basin). The diamictites, sands and‘shales were deposited as re-
worked glacial material in areas immediately surrouhding the con--
tinénéél glaciers.

A short period of eresion‘follOWed'the glacial era before
the céﬁmencement‘of the Purni. Formation deposition. During this
time a mafine_incursion into thé Arckaringa Basin took place and
resulted in the deposition of Stuart Range Formation (Townsend,

1973 . ;f'but appears no£ to have extended into the Pedirké Basin.

Initially, the lower levels of the Purni Formation were depoéited

“under .alternating high - and low - velocity regimes (Crowell & Frakes,

'_1971), possibly resulting from the meiting glaciers in the surround-

ing highlands. As conditions stabilised, the formation of coal

swamps was encouraged and the rhythmic alternations displayed by

the Upper Member weré developed.
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Mesozoic - Holocene

The Mesozoic strata are the aquifers of the Great
Artesian Basin and, for this reason, they have been clesely
studied and different nomenclatures have developedbthroughout
the basin (Fig. 24).

The two southeastern wells in the Pedirka Basin, Purni
1l and Mekari 1, intersected lateral equivalents of the Middle
Jurassic Walloon Coal Measures and Gubberamunda Sandstone
immediately o&erlying’the-Purni Formatien. (Jacque, 1966b;:
Magnier, 1964b). These oldest Jurassic-éédimenﬁs areApredominantly

coarse, well sorted, quartz.sandstones with occasional ‘grey-white

silty lenses and thin shale bands. The remaining Jurassic strata

in the basin are younger. They are the Algebuckina Sandstone
(Wopfner et al., 1970) and its extension the De Souza Sandstone.
These sediment§ are finevfo‘céarse, angular te subangular, off-
white sandstoenes thch are freguently crossbedded, poorly con-
solidated and may have good porosity,. Pyrite was.reportéa in the
twoe Nérthern Territory wells (Amerada, 1965 & 1966).

The Cretaceous strata are,.in_all wells, separated from
the ﬁnderlYing sandstones by the ?Upper Jurassic - Lower Cretéceous
Cadna-owie Formation (Freytag ét al., 1967; Wopfner-et al., 1970)
which is a shale fermation with océaéional fine sand and silt inter-
beds.

The overlying Cfetaéeous straﬁa - Bulldog Shale (Freytag,
1966) and Geodnadatta Formation (Freytag, ;966) (Fig. 26) - are a
series of dark grey; fissile shaleéicontaining marine fossils and
occasional mudﬁtone and 'siltstone layers.- Most of the upper shale
layers contain thin bands of hard limestone (cf. Wooldridée Lime-

stone; Fig. 26). In Purni 1 and Mokari 1 the Cretaceous shales are
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everlain by tne Winten Fermation - a series of grey seff, silty
shales 1nterbedded with: fairly well sorted sandstones.

These twe southeastern wells also contalned thin Tertiary
depesits (Eyre Formation; Wopfner et al., in prep.) of sands and

hard silicified leyers (Fig. 13), All wells penetrated Quaternary

"aeolian sands at the tep of the sectien.

. The Mesozoic and younger strata described above are present

‘fthrqughout the Pedlrka Basin and shew. a gradual increase in section

eestwards, towards the central parts of the Great Artesian Basin
(Figs. 11 & 12). There is little facies variation within these
strata and increased thicknesses occur in all formations.

The Jurassie sedinents uncenformably overlie the Permiann
througheut the basin end the Mesezoic formations are -conformable
throughout the sectien.

| The early Jnfassic sediments are interpreted as having
been deposited on a floedplain. The Algebuckina Sandstene was

deposited at first onto a stable surface and indicates low eneragy,

fluviatile conditiens follewed by a mere vigerous environment

during the late Jurassic.. The Cretaceous strata recoerd a gradual
marine transgression, a perioed of marine depositien and a final
retreat of the sea.:

The Cainezoic sediments represent the results of a

~ terrestrial deposition and weathering regime which is centinuing

teday? '_The mesas in the nestern parts of the basin ere-generally.
covered with a silcrete capping - the result of deep weathering

of the 0ld land surface during the Tertiary.- Post-silcrete sediments
include river ‘'sands, gravels and clays and large areas of Quaternary

aeelian sands forming. the long, parallel dunes of the Simpsen Desert.



- 42 -

BASIN HISTORY AND PALAEOGEOGRAPHY
The formation of the Archaean Arunta and Musgrave Blocks
took place long before any sedimentatien eccurred in the area.

A. | To the southeast of the future.Pedirka Basin, the peri-
cratonic' Adelaide Geesyncline was receiving large thicknesses of
sediments during the late Preterczcic (Wopfner, 1972). The Amadeus
Basin, to the north of the Musgrave Block (Fig. 5), was also
developingand-thetwo areas may have Been interconnected perioedically
as part of a single depositional entity, an extension @f the Adelaide-

Geosyncline (Wopfner, 1972). Upper Proterezoic sediments probably

‘underlie much of the Pedirka Basin, particularly in the soeuth, and

may be represehted by shallow marine clastics and limestones.

The'Petermann-Ranges Orogeny at the end of the Broterozoic
had itsAgreatest effect within the Amadeus Basin but it also caused
a northeast-trendlng rldge of Proter0201c rocks (now knewn as the
Black Hill Range) to be uplifted aleng the northwestern limit of
the future Pedlrka‘Ba51n. Further movement of these roecks occurred
throughcut the Phanerézoic and they played an impertant part in
the deveioément of the sedimentary-depositional areas within that
part of Australia. |

Further subsidence of the Amadeus Basin and Adelaide
Geosyncline (Warburton Basin; see Wopfner, 1972) -in the early
Cambrian 1n1t1ated the development ef shallow seas which dep051ted
the Lower Cambrian delemites.at McDills 1. These seas probably
covered much of the future Pedirka Basin's area at that time and

similar sediments may underlie much of the region, particularly

in the central, southern and western parts. Renewed subsidence in
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the Amadeus Basin during the middle and late Cambrian spfead
southeastwards and caused the thick accumulation of sands and
partly'deiomitic silts found in Mt. Crispe 1. Davy (1973)
suggests a.shallow, possibly restricted mariné envirenment for
the deposition'of the Cambrian sediments in Mt. Crispé'l.
A period of erQSion existed during the early Ordovician

and many of the Cambrian strata, if deposited, may have been

removed. The early to middle Ordovician marine transgression

probably occurred from the southeast, i.e. from the Warburton

" Basin (Wopfner, 1969). The Warburton was joined to the Amadeus
'_Basin and also possibly te the Officer Basin (Wopfner, 1972).

. The Stairway Sandstone was deposited in the Amadeus Basin and

it probably extends to the area under the Pedirka Basin. The

.ppesént extent of these Ordovician sands and silts is .censiderable

‘énd was possibly even greater during the late Ordovician. The

sﬁales in Mokafi 1l and Purni 1 are envisaged‘as fine-grained
eqﬁivaients of.tbe guartzites and sands in-Mt. Crispe41, Witcherrie 1.
and McDills 1 - tﬁe shoreline therefore transgressed from the
seﬁtheast. |

The gentle epeirogenic Rodingan-Movement (Wells. et aZ,}

© 1970) during the late Ordovician and Silurian caused the seas

to rétreat and for the youhgest Ordovicién formations to be
removed by erosioh. Maximum folding occurred within the nerth-
eaStérn Amadeus Basin where a ridge dividing it from the Georgina
Basin was formedrand‘theAmovement éroduced only gentle north-
easterly felds in the Pedirka and Officer Basins (Wepfner, 191%).
Shallow seas transgressed from the Amadeus Basin during

the late Silurian and early Devenian. The Mereenie Sandstone was
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laid down in the shallow seas and thelr contiguous terrestrial

As the seas transgressed eastwards they finally

hwestern Georglna and western Pedirka

Basins by the middle. to late Devonlan.
The Mereenie Sandstone dep051tional era was halted

by the Pertnjara Movement (Wells et al. 1970) whose main effect

ow known as the Black Hill

© act as a sediment source for the succeeding

Flnke Group.
The- 1n1t1al deposition of the Finke Group occurred

during the late Devonian and on the southeastern side of the

fridge. _The Polly Conglomerate represents rapid er051on and .
terrestrlal depositien close to the Proterozoic rldge with finer .

n -the central ‘and southwestern parts

of the Pedirka Basin. The overlying formatioens reflect the

gradual reductlon in energy levelsAand'sedimentary sources for

the-Flnke-Group and thelr aerlal extent suggests that the

dep051t1onal area was. possibly decreasing. Interflngering with

the chronologlcally egulvalent Pertnjara Group occurred during

the depos1tlon of the Langra and younger formatlons and the

Black Hill Range was completely covered by the end of" the

Devonian (Jones, 1972).
The late Devonlan to early'Carboniferous era was one of

renewed orogeny and erosion in the Amadeus Basin. - The Alice

- Springs Orogeny 1n1t1ated the development of the Permian Pedirka

Basin and brought to an end the thlck Proterozoeic to Lower

Palaeozoic deposition which had occurred in the Warburten Basin.
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A roughly northeast-southwest line aleng the McDills Trend re-
presents the eastern limit in the Northern Territory of ;he deep
Lower Palaeozoié Basin (McPills Gravity Platform) and the western -
edge of the area that was to receive the thickest Upper Palaeozoic
ahd-Mespzoic sediments. - The Permian sedimentsAwest of this line
are thinner. The Pedirka Basin was only slightly affected by the
movements of the Alice Springs and the synchronous. Kanimblan Ore-
genies which resulted in gentle doming and faulting aleng north-
east tfends. - The Black Hill Range received renewed uplift and
more substantial mountain ranges were formed mainly te the nerth-
west and southeast of the basin.

The late Carboniferous was a time of cold to glacial
conditions throughout Australia and ice sheets rapidly spread
from southern Victoria tewards the Pedirka Basin at the start
of.the'Pérmian. The sea alSo-ihvaded from the west and may have

spfead through the Pedirka Basin to the Tasman Geoesyncline

- (Crowell & Frakes, 1971). The Crown Point Feormatien was therefore

deposited mainly under periglacial cenditions in a series of

"alternately high and low velocity regimes (Crowell & Frakes, 1971).

Ne evidence exists for a marine origin for any Permian

sediments deposited in the Pedirka Basin. It is therefore suggested

- that the late Sakmarian shore line lay toe the seuth and that a

‘peried of non-deposition and erosion existed before the depoesitien

of the Purni Formation. The Artinskian (Stage 3) strata of both
the Arckaringa (Townsend, 1973°- ) and Pedirka Basins were both
deposited under similar terrestrial conditions which were

accompanied by syndepositional grewth of structures. Througheut
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the late Carboniferous and early Permian the eastern Pedirka
Basin underwent gentle subsidence and maximum sedimentary thiék-
nésses accumulated in the eastern parts of the basin. The

youngest Permian sediments so far intersected are Artinskian

in age but it is likely that younger strata may have been depesited

and could be preserved towards the eastern limits of the basin
(Fig. 23).

| The late Perﬁian, Triéssic and early Jurassic were
times of erosion in the Pedirkahﬁasin. Remnants of Triassic
depesitioen may be preserved in the east (Williams, 1973). The
Great Artesian Basin started forming aS'tHe terrestrial

Algebuckina Sandstone Was deposited across the area from the

east. This was followed by the Lower Cretaceous marine trans-

"gression which also came from the east and deposited the

diachroneus Cadna-owie Formation and the overlying Bulldog Shale:

'and Oodnadatta Formation. The sea retreated northeastwards

‘duriné'the middle Cretaceous and the  final Great Artesian Basin

deposits-were the freshwatef sands of the Winten Formation.

The Tertiary period commenced with the deposition-of
limeﬁfones;.sands and silts ‘etc. in»freshwater-lakes, rivers
and floodplainé.« A prolenged period of deep weathering
followed during which silcrete was formeq on all the exposed
formations. | | |

The area was tilted slightly toe the east after the

.silcrete formation. Since then the drier climate has - encouraged

the formation of aeolian dunes and prolonged erosion has: left a
generally flat landscape with isolated silcrete mesas between

the alluvial sands and gravels in the creek areas.
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The region is still active tectonically and earth-
guakes, which are amengst some of the strongest recerded in
Australia, have been traced to epicentres within the Simpsén

Desert (Youngs & Wepfner, 1972).

PETROLEUM POTENTIAL

Results of drilling in the Pedirka Basin so faf have

‘given it an ambigueous hydrocarbon potential. Only six petreleum

exploration wells have been drilled £o date. Neo hydrécarbon
indicétions, other than fluorescence, were encountered but
extremelyvvéluable informatien on the stratigraphy of the basin
was obtained.¢ Large unexplored areas of the basin can be regarded
as having-considerableApotential and;therefore are worthy of
further investigaﬁioh.

Fig. 27 shows the potositiés, determined from logs and
cofes, in various wells drilled in the Pedirka Basin..- It is
clear that good péresities and permeabilities exist throughout
the sedimentary éection and that it ehly»requires suitable
frappiﬁg conditions feor hydrocarbons té have ac¢umulated not only
in the Permian but alse older and younger rocks. |
Cambrian | a

The Cambrian strata so far penetrated in the Pedirka
Basin show pétegtial mainly as source beds. Ne’suitablelreserVOirs

have been identified but further work may identify reef facies and

;other‘ suitable carbonate beds - sands are the predominant Cambrian

facies farther west in the Amadeus Basin (Wells et al., 1970).
Ordovieian
The Ordovician has been proved as'a gooed hydrecarbon

producer in the Amadeus Basin (Wells et al., 1970). The Pacoota
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Sandétone is the main reserveir, the Stairway Sandstone has
also produced smaller guantities. The upper sandstoneAunit of
the Stairway Sandstene is likely to be pfesent under much of

the western Pedirka Basin where it could also be everlain_by

- £he Stokes Siltstone which would act as é cap rock. Wells

et al. (1970) suggest that the Carmichael Sandstone may extend
at’' least intoe the northwestern Pedirka Basin and this is another
potentiél Ordovician reservoir.

Petroleum exploration drilling in the Amadeus Basin has
revealed that poresity and permeability in the Pacéeta and-
StairQay.Sandstones.are far patchier than the outcrops had indi-
Catedg The development of lateral changes in the reservoir.
prope:ties is due to bﬁrial pProcesses acting on the o#iginal
gfainéize variatiéns; Predictions for positions of possible
'resefveirs éhoﬁld concentrate on recenstruqting the'pélaeeenviron-
ments and hence locating areas where coarser sized sané grains
may have been depbéited (Williams et dl., 1965)-.

Small epeirogenic movements leading up te the Alice
Springs Orogeny will have folded the Ordovician'strataAinto
structures suited to-trapping'hydrocarbens.- Structural traps;

like these of the Mereenie and Palm Valley Gas Fields are envisaged

.in the western parts of the basin.

Stratigraphic traps are also a possibility. The two
sandstone formations will have been uhcenformably overlain by
the Devenian and younger formations following the Rodingan and

Pertnjara Movements. The.Carmichael_Sandstene contains silty

‘layers within its predeminantly arenaceous facies ahd-possibly

small amounts of hydrocarbons could'be trapped stratigraphically
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under suitable cenditions.
| The massive sands and shales of the Ordovician formatiens
are high in erganic content and could alse be the source beds for
Ordovician and younger reservoirs.
" Devonian

The Devenian rocks offer little or no peténtial as
source beds. They are nearly entirely terrestrial with no coal
and -were not deposited under conditions suitable fcf the generation
of‘hydrecafbons.

The Mereenié Sandstoene, PollyaConglémerate‘and Langra
Formation all céntaiﬂ possible reservoir beds. The middle unit
of the Langra Formatien and the Horseshoe Bend Shale could acf
as cap rocks in strucfural traps. The interfingering of the
Finke with the Pertnjara Group in the northwest of the Pedirka
Basin could provide stratigraphic traps in the area of the Black
Hill Range.

Permian

The ceals of the Gidgealpa:Group in the Cooper Basin
(Gateh@use,-1972) are believed to be the source of the sub-
stantial quantities of hydrocarbons encountered in the Permian
and there is every pessibility thaf éimilar accumulations céuld
have been formed in the Pédirka Basin.

The sands of the Purni Formatien have potential as
reservoir beds, especially in the eastern Pedi;ka Basin where
younger and thicker Permian coal-bearing stfata appear to exist.
An artesian flow of water from a sand within the Upper Member
was reportéd‘in McPills 1 (Amerada, 1965) and confirms the good'

reservoir qualities of the Permian sands. Wells et al. (1970)
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also repertlthat'the Permian sands are good aguifers throughout
the Nerthern Territory.

Figure 28 shoﬁS‘Stiff patterns (Youngs, 1971) drawn
from the results of analyses of waters from some of the wells.
The patterns clearly demenstrate the similarity between the water
from the Permian in McDills 1 and that frem the Mesozoic and Finke
Group aguifers in Witcherrie 1. This suggests that the Permién~
and Devonian sedimeﬁts in these two wells havé been flushed by.
Artesian waters. and therefore may not have much hydrecarbon
potentiél-in their immediate surroundings. The‘waters from:
Mokari 1 have salinities higher than these in Witcherrie 1 and
suggest that hydrocafben accumulations could exist in these strata
as flushing appears to have been censiderably less or even absent
(Youngs, 1971). If younger Permian sediments are preserved in
the east there is a possibility that Lower Triassic (cf. Nappa-
merri Foermation in the Cooper-éasin) could aléo be present and
in this case it would providé the Permian reservéirs with an
excellent cap rock (Fig. 23) (wWilliams, 1973). Coal-bearing
Permian sediments haveAbeen identified in the Eringa Tfough
west of Mt. Crispe 1 (FPC(A), 1966a; Vamgas, 1970). 1In this
area, although the Triassic caprock is absent, the varied and
terrestrial nature of-the strata coula have enabled:hydrocarbons
to become trapped. The Upper Purni Formation is similar, both
in aée and litholegy, te the Patchawarra Formation in the Ceoper
Basin where the interfingering sands and shales provide reservoirs

and capfocks for the gas produced from the adjacent coals (Kapel,

1972; Townsend & Youngs, 1972). 1In the deeper parts of the basin the
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Purni Formation is likely te have been buried deeply eneugh

- for hydrocarbens te have been generated from the coals.

Shibaeka et al. (1973) suggest,that'aepths need only to be less
than 1 000 m. |

Accumulations may be found in béth structural and
stratigraphic traps. The former will have been formed partly by
syndepositional mevement during the Permian and also by the later
movements associated with the Great Artesian Basin (see Figs.10,
11, 17 & 18). The thinning of the sediments ever the "highs",
their répid iateral facies changes due to terrestrial depositien
and the large post—Permian ﬁnconformity all offer possibilities
of stratigraphic traps througheutvthe basin and at its maréins'
where Permian strata wedge.out against older rocks.

Apart from McDills 1 and Mokari 1, the wells drilled so
far have not explored any reasonable Permian.structuresr Fig. 11
showé a number of gentle structures which warrant further in-
vestigation and much more seismic work still needs to be dene,
partigﬁlarly in the northern areas, to reveal otherrsuitable
targets.
Mesozotic

The Algebuckina Sandstene and its equivalents have
excellent pér@sities ahd permeabilities throughout the Great
Artesian Basin and they are the main aquifers in Seuth Australia.
They héve not produced any hydrocarboens to date but there is

every pessibility that they could, provided the hydrecarbons:

‘have net been lost by flushing of artesian waters (Youngs, 1971).

The Precipice Sandstene, which is the main hydrecarbon-preducing

unit in the Surat Basin, is in a similar stratigraphic pesition
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"~ unconfermably overlying Permian and Triassic recks (Power & Devine,

1970). The overlying Cretaceous formations could provide suitable
cap rocks for the Jurassic and alse possibly reservoir beds in

sandy facies of the Cadna-owie and Oodnadatta Formations.

CONCLUSI®ONS AND RECOMMENDATIONS

Exploration‘in the Pedirka Basin is still at an early
stage. Valuable stratigraphic information has been thained but
logistical problems are likely to make intensive exploeration in
the Simpson Desert difficult at the present.

Gas énd 0il have been recovered from Permian formatioens
in the Cooper Basin to the southeast of the Pedirka Basin and
from the Ordevician strata in the Amadeus Basin to the northwest.
Sediments of identical age and similar lithelogy are present in
and beneath the Pedirka Basin. A natural gas pipeline coennecting
the gas fields at Mereenie and Palm Valley wiﬁh those.in the
Ceoper Basin, and hence inte a poessible natienal grid, would run
through the Pedirka Basin. A future development of this nature

would greatly enhance the feasibility of producing gas frem the

-Pedirka Basin.

Exploeration is at anfearly stage and there are many
recommendationslfor fﬁﬁure work;—

1.  Reconnaissance seismic work néeds to be carried out
around £hebma;gin§ of the entire basin and in the area west of
McDPills 1.

2. More ‘detailed séismic work is required to define
previously discovered structures which could then be drilled

for anticlinal traps at all levels of the Palaeozoic sectien.

.
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Te the west of the McbPills Trend, explération should be focussed
both on the Lower to Middle Palaeozoic ssdiments which may reach
considerable thicknesses beneath the Pedirka Basin and also en
the Permian where the coal—bearing Upper Member of the Purni
Formation is known teo be present. To the easf of the McDills
Trend, the Permian strata have more potential .than te the west
and the thick Uéper Member of the Purni Fermatien should be
fully investigated, particularly in the east where Triassic
shales could pessibly overlie it. The Ordevician strata in the
eastern area of the basin require investigations inte facies and
cementation variations te highlight possible reservoir beds in
the regioen.

3. The seismic work around the basin margins would help
to plaqe the limits of the Palaeozoic formations and thereby help
in the future anpraisal of pinch-out traps.’

4, A series of stratigraphic weils‘around-the'basin margins
is required.te-answer problems concerning both facies changes
énd the presence of the Palaeozoic strata.

(a) In the.nortn the possible.piesence of thin
Permian sediments overlying the Arunta ﬁleck needs
confirmation. This would enhance this aréa's-potential,
mainly for stratigraphic traps.

(b) A number of wells are required around the southern
edges Qf the basin. South and east of the four

FPC(A) wells, beyond the limitnof the good ceal seismic
reflections, thére is a need to confirm the pestulated
thin Permian sediments and te identify their age,
extent, lithelogy and relationship to.older and

yéungei rocks.
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(c) Similar wells are needed in the southwest of the

bésinal area to investigaté whether the Permian strata

are continuous frem the Pedirka inte the Arckaringa

Basin.

This dividing area is ihformally‘named the Bitchera Ridge (Devine &
Youngs, 1973) and the informatioen cencefning the continuity ef
Permian sediments over it is vitally,important for increasing

our knowledge of Permian palaeogeography and hence the ébility

to locate hydrecarbon traps within this marginal regien.

There is clearly a need for much exploration to be
carried out throughout the Pedirka Basin, particulariy in the
eastern area, and it is heped that the preblems of access within
‘the Simpsoen Desert will ﬁot deter future explorationists from

seeking the possible hydrocarbon reserves in the basin.

6th April, 1973 BRIDGET C. YOUNGS
BCY:IA GEOLOGIST
PETROLEUM EXPLORATION DIVISION
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Plate 1:

Plate 2:

climbing-ripple laminae in sands of the Purni
Formation at One Tree Point, N.T.
Photo: Dr. H. Wopfner

cross stratification in sands of the Purni
Formation at One Tree Point, N.T.
Photo: Dr. H. Wopfner



Plate 3:

contorted beds in the Purni Formation
Cunningham's Gap, N.T.
‘ Photo:

at

Dr. H. Wopfner
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F.P.C. (A.) PURNI, WITCHERRIE AND MOKARI NO.I WELLS,

PEDIRKA BASIN: PALYNOLOGICAL EXAMINATION OF CORES

ABSTRACT

Palynological examination of cores
and cuttings from I.P.C.(A.) Witcherrie,
Purni and Mokari No.1 Wells in the Pedirka
Basin suggests the following:

1., The Crown Point TFormation is lowest
Permian Stage 2.

2. The Purni Tormation may be as old as
Stage 2 but is, on the avallable

evidence, no vounger than Stage 5.

%, There is no palynological evidence of
any marine incursion in the Pernian
in this area,
4, Core 1 in Mokari No.1 1s of Lower
Jurassic J2 age, not Permian as
formerly believed.
INTRODUCTICN
"Palynological examination of cores from the three IF.P.C.(A.)

Wells, Witcherrie, Purni and Mokari, in the Pedirka Basin was

requested by Miss B. Youngs of the Petroleum Ixploration Division.

Hitherto, there were no palynological reports on cores from

Witcherrie, and only a brief analysls of cuttings at about 141.5nm
. . & . . - : . v
in Purni andxmore detailed report on Mokari No.71 was nade by .
P.R. Evans (B.M.R.). With two exceptions this present report deals

with the Permian palynology and where evidence of age existed

o
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l'(eng; Mokari) this has been updated to conform with Evan's (1969)

“sequence of Permian stages. Thus correlations between neighbouring

¥

basins, Cooper and Arckaringa., can be made more meaningful. The

rock nomenclature is that used in the Mokari No.1 Well completion

report.
Without exception the quality of preservation of the

microfossils was poor and this necessarily constrains the reliability

- N . s ; ' - B s PO

of the data. Additional caution must be used when assessing the

-age. -of the lithostratigraphic units. For instance there are no

cores avallable of the Lower Member of the Purni Formation, and

there are only three samples from the Crown Point TFormation.

f

RESULTS AND DISCUSSION
Table I lists the relevant sample data and the Palyno-

logical Stage assignment, ' : : o

Crown Point Formation - Cores 5 and 7 Purni No.1, Core 2, Witcherrie

No.1.

Assemblages from this unit are characteristically Stage 2

with low species diversity (especially with respect to striate

bisaccate grains). Parasaccites spp. and Protohaploxypinus spp.

dominate the microfloras. Elements such as Verrucosisporites

pseudoreticulatus and Vittatina spp. that characteris Stage 5,

- . -

are absent. The microflora described by Evans (1964) from the

. Crown Point Formation in the area is comparable., Thus this formation

 1s correlated with the Merrimelia Formation in the Cooper Basin - !
. (Paten 1969) and Unit 2 in the Arckaringa Basin. There is no

evidence of marine influence in the unit.
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Purni Formation

., extend down into Stage 2. ILvans in Jacque (1966) suggests that cores

" tentatively referred to Jurassic J2 of Evans (1966). The presence

" and the assémblage from this core could’be within these units,

’

At this stage 1t is not possible to subdivide the formation

on palynological evidence partly because of poor preservation and

low sample frequency. All microfloras appear to be of Stage 5 aspect

but no samples from the "lower member" are available, the unit could

3, 4 and 5 are spore unit Plb and Pla/b (i.e. Stage 2) but this may

.have been influenced by poor preservation.

Stage 5 assemblages are marked by more diverse microfloras,

an increase in striate bisaccate grains, of Vittatina sp. and the

. first appearance of V. psudoreticulatus. There is no evidence to

suggest that stages younger than 3 are present.

The Purni Formation thus correlates with the lower member

"of.the Gidgealpa Formation (Paten 1969). the Mt. Toondina Beds and

possible part of Unit 1 in the Arckaringa Basin. There is no
evidence of marine influence in the unit.
Jurassic

Core 1 in Witcherrie No.1 Well was logged as Permian in

“the well completion report (Magnier 1964), It yielded an assenblage

of abundant Tsugaepollenites spp. (al. Applanopsis) indicates that

‘the assemblage is no older than J2 (Evans 1966). Evans states that

' the characteristics of units Jo-4 are "still vaguely determined"

f
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SAMPLE DATA

Well Name  Location Depth in feet Rock Unit Palynological Sample
- (metres in Zone No.
parenthesis)
Purni No.q1 526°17°10" Cuttings 4640 Purni Fm; - Stage 3 $2297
E136°5'35"  (1414.2) (U.Member) '
Core 2 @ 474 n Stage 3 82274
(1435,1)
Core % @ 5097 Purni Fm. Stage 3 82275
(1551.7) (M.Member?) /
/
Core 4+ @ 5256 o ?5%tage 3 S2276
(1602) _ /
Core 5 @ 5641 Crown Point  Btage 2 852277
(1719.4) FTormation
Core 7 @ 5810 " Stage 2 82278
(1770.9) ‘
itcherrie $826°922:120" Core 1 @ 1826 ? ? Jz 82279
No.1  E135°%9'16" (556.6)
| Core 2 @ 1891 Crown Point  Stage 2 S229b
(576.4) Formation » A
. %, . |
Mokari S26Og9'06" Core 1 15790 ?Evergreen Fm.  J1 52296
No .1 E136°26 22" (1764.8)
' Core 2 @ 6075 Purni Fm. ?Stage 3 S2280
‘ (1851.7) (U.Member)
Core 3 @ 6355 : Stage 3 82231
(1998)
Core 4 @ 6618.% Purni Fm., Stage 3  $2282
(2017.2) (M.Member)
Core 5 @ 6651.5 " Stage 3 52283
(2027.3%) . o
o
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.The clay fraction is composed principally of mica :and kaolin;
the ratio of mica to kaolin being about 1. 5:1, with quartv and

i

" INVESTIGATION ‘OF THREE CLAYS FROM WITCHERRIE AND PUMI -

1. INTRODUCTION
Three samples of well core were received.from the SA Depart-

ment of Mines,:Petroleum Section, with .a request for the determ- :

ination of the proportion of clay-size particles, the composition

;'- of the clay fractions and any intereatlng features. - The sam-
: ple, were labelled as follows: : : :

ﬂggg 'Samgle No. ' Locality . R g
CBW 277/1 P 374/71° . Witcherrie #1, core #1, 1834°'. 5S¢m .
L HW277/2 P 375/70 . Witcherrie #1, core #4, 2572'. 754 m i
- EW 278/1 P 376/71  Pumi #1, core 7, 5810'.. 1270w G

¢

2. PROCEDURE .
Portions of each 'sample were dnsner°ed in water using a mech-
anical blender and deflocculant. . The suspensions were allowed
to saediment for sevaration of the ‘clay' size fraction (0-2 mic-
rons e.3.4.). Examination of the resultant suspensions by .
plummet balance gave an estimate for each sample of Ehe propor-

. tion of material below two microns in size.

The lessthan two microns material was used to produce or-
iented samples on ceramic plates. These were saturated with -
glycerol and examined by X-ray dlffractOmeter using cobalt rad-

iation.

3. RESULTS'FM

Sy

3.1 cClay Mineralogy of ample ) 37417]

The proportion of material below two microns in size is 36%.

chlorite as accessory components.
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3.2 clay Mineralogy of Sample P 375/71

The proportion of material below two.microns in size is 4%.
clay fraction is composed prlncxpclly of kaolin, montmorillon-
and mica in approximately equal amounts with quartz and chlor-
as accessory comnonents.

- 3.2 01ay Mineraloqy of Sample P 376/71

The proportion of material below 2 microns in size is 12%.
clay fraction iz composed principally of mica and kaolin,

the ratio of mica to kaolin being about 5:1 w1th quartz and
chlorlte as accessory connonents. -

.
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