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PERMIAN PALEOGEOGRAPHY AND DEPOSITIONAL ENVIRONMENT OF THE
ARCKARINGA BASIN, SOUTH AUSTRALIA

" ABSTRACT

The Arckaringa Basin, situated
in northern South Australia, is an intracratonic
Permian basin, composed of deep marginal grabens
or half grabens and a central area of shallow
basement, the latter covered by only a thin
sediment blanket.  The sedimentary sequence
comprises, in ascending order, diamictites
and cyclically graded greywacke (Un“+ 2), a
dark c¢oloured, shale sequence (Unit 1) and
dark grey, micaceous siltstones, sandstones
and coal-seams (Mt. Toondina Beds). Along
the eastern margin of the Basin, coarse clastics
with clayey, sandy and dolomitic matrix,
containing striated, fluted and soled cobbles
and pebbles, are exposed. The thickness of the
sediments ranges from about 100 feet (30 m) in
outcrop, 800 to 1200 feet (240 to 365 m) over
the area of shallow basement to more than
5000 feet (1524 m) in the centre of some of
the grabens. -

The Arckaringa Basin was established
by downfaulting of the graben structures in late
Carboniferous - early Permian times, but short-
lived movements along the same trends were already
experienced in the Devonian. Upfaulting of
adjacent basement blocks created uplands on which
plateau glaciers formed during the early Permian.
Moraines and eskers were deposited along the
basin margin whence glacial debris was transported
into the distal troughs by mudflows and turbidity
currents. Available evidence suggests that the
Permian glaciation was concluded in mid Sakmarian
time and that the cyclically graded greywackes



are largely the product of postglacial

turbidity currents fed by high intake rates

of detrital material which was maintained

by continuous movements along the marginal
faults. Tectonic stability in the late
Sakmarian produced a low-energy, marine
environment during which the dark shales of

Unit 1 were deposited. Temporary evaporitic
conditions are documented locally. This and
other changing environments arc¢ thought to

be responsible for the restricted nature of

the foraminiferal fauna. Regression of the r~-
in early Artinskian was brought about by renewed
diasrophism and the freshwater silts, sands and
coazls of the Mt. Toondina Beds, deposited under
a moist subtropical climate conclude the Permian
depositional cycle,



INTRODUCTION .

Permian glacigene sediments were first recognised in . South
Australia by Selwyn in 1859, but far the greatest'adVahce in the
knowledge of Permian sediments and basins has been achieved in the .
course of petroleum eXploration within the. last decade. Geophysical
sufveys, followed by exploration drilling have revealed five sub-
stantial Permian basins, in addition ﬁo.the one already known from
surfaée exposures in the Adelaide Region. One of them, the Cooper
Basin, has attained major economic importance as a natural gas
province. Up to date four gas and condensate fields have been
discovered in the South Australian portion of the Cooper Basin with .
recgverable reserves of natural gas amounting: to more than 1 trillion
cubic feet (Wopfner, 1966; Martin91967a)o' The hydrocarbon potential
of other Permian Basins hés not been fully explored yet° 

All South Australian Permian basins are either completely
or almost completely covered by sediments of younger depositional
phases (Wopfner, 4969); The only exposures of Permian sediments
occur on some upfaulted blocks of the Troubridge Basin and along

the eastern margin of the Arckaringa Basin. ‘The Permian phase of

deposition was controlled by specific tectonic events, differing

from those controlling both preceding and subsequent depositional

~ phases. Therefore, the Permian basins have to be regarded as

separate entities of infra-basin status. The nomenclature .at
present applied to South Australian Permian basins is shown on

Figure 1.
All Permian basins in South Australia are intracratonic,

but the nature of the underlying "basement" varies from folded
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Devonian, Ordovician and Cambrian sediments, to early Precambrian
granitic rocks. The establishment of the Permian basins. was

strongly controlled by down-faulting along one or several of their

margins, generally along northeast or northwest trending lineameénts,

but sedimentation also spread across less disturbed portions of
adﬁac;nt platforms. Movements along some of these controlling
lineaments were initiated in the late Devonian (Wopfner and
Allchurch, 1967; Wopfner, 1969; e.g. Renmark and Boorthahna Troughs)
but these were only of short duration. The main period of tectonic
instability commeéenced in late Carboniferous - early Permianftimes
and persisted, Wi%h fluctuating intensity, throughout‘mdst of the
Permian. Syndepositional faulting is well documented from the
Renmark Trough, the Arckaringa Basin and the Cooper Basin. In the
' latter, the only basin where the Permian depositional phase is
known to have extended into the lower Triassic (Paten, 1969),
faulting was -accompanied byswngénetic structural growth throughout
the deposition of the Permian and lower Triassic sediments (Wopfner,
19663 Kapel, 19663 Martin, 1967a; Wopfner, 1969) .

The early Permian to 1§te Carboniferous period of
glaciation is documented beyond doubt in the area of the Troubridge
Basin, south of Adelaide, where many fine examples of polished and
striated glacial pavements, overlain by Permain tillites (sensu
stricto) are well exposed and easily accessible, (Campana and
Wilson, 1955; Horwitz,1960; Ludbrook, 1967). However, strong bias
towards glaciation, interpreting any coarse clastic sediment within
the Lower Permian as a "glacigene", and over-generalisations have
sometimes led to rather unrealistic paleogebgraphic concepts and

the present author is by no means free of this criticism,

The present paper is an attempt to evaluate the depositional
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environment énd the palaeogeography of the Arckéringa Basin,
situated in the central part of northern South Australia (Fig. 1).
This. evaluation is based on new stratigraphic information and
lithologic studies of four shallow, stratigraphic wells drilled by
the South Australian Department of Mines in 1969, the results

obtained previously in the Coontanoorina Well No. 1 (Wopfner and

Allchurch, 1967; Harris and McGowran, 1967) and field investigations

of Permian exposures along the eastern margin of the Arckaringa
‘Basin. Additional new information particulafiy with regard to
basement configuration and structural data, was derived from
geophysical surve&s carried out by the Petroleum Division of the
South Australian Department of Mines in the past two years. These
surveys included regional gravity coverage and semi-detailed

reflection and refraction seismograph surveys (Milton, 1969a, b

and'c.)
BASIN FRAMEWORK

The Arckaringa Basin, ié-by definition, a late Palaeozoic.

. basin and its basin-fill does not include the thin veneer of late

Jurassic and early Cretaceous sediments of the Great Artesian Basin
depositional cycle, which blanket the Permian sediments (Freytag,
1965; Wopfner and Allchurch, 1967 Wop:fhér9 1969) .

Tectonically, the.Arckaringa Basin is“essentially an
intracratonic basin the sediments of which rest largely on the
northern extension of the Gawler Platform and its pre-Palaeozoic
accretions (Fig. 1). To the north and northwest, the basin may
overlap early Palaeozoic tectonic eléménts of the cirdum—Denison
arc (Wopfner, 1969) but informaﬁipn‘in these regions is scarce and
the relationships between Permiah’and pre-Permian rocks are not yet

fully established. Intérconhection with the Fedirka Basin to the
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northeast and the Denman Basin to the southwest may be possible

(Fig.1).

New data obtained over the past two years have led to
considerable charges in our concept of the basin's configuration,
differing from that shown in earlier publications (Wopfner, 1964).
Today, three distinctive basinal features are recognised within the
Arckaringa Basinj; the Boorthanna Trough along its eastern margin,

‘the arcuate shaped trend of the Wallira and Phillipson Troughs -
along the southern margin and the shallow platform cover of the
central basin area (Fig. 2).

By far the best known feature of the Arckaringa Basin is
the Boorthanna Trough. Not only are Permian sediments exposed
along its eastern margin (Parkin, 1956; Wopfner, 1964; Heath, 1965)"
and in the piercement structure at Mount Toondina (Freytag, 1965)
but it has also the greatest density of seismic coverage (Moorcroft,
1964; Milton, 1969a and b) and drilling information (Ludbrook, 1961;
Wopfner and Allchurch, 1967 )., The eastern margin of the Boorthanna
Trough abuts égainst the Adelaidean and earlier Precambrian inliers
of thebDenison Block (Fig.1). This boundary is largely fault comtrolled
and Syngenetic, down-basin step-faulting is recordéd aiong the narthem -
most part of this boundary (Moorcroft, 4964)° The southern part of
the trough shelves on to red-beds of Adelaidean or early Palaeozoic
age, whilst to the west a north-northwest trending hinge zone connects
the area of troughing with the area of the shallow, stgble platform.
This hinge zone is approximated by the line up of negative gravity
anomalies along the western margiﬁ of the trough (Fig. 3). Northeast
trending gravity features clearly discernible on the same map(Fig.3)
are thought to present older structural features of the platform.
Thus the Boorthanna Trdugh would best be classified as a half graben,

the structural trend of which was initiated in Devonian time, but
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rejuvenated and fully developed in the early Permian (Wopfner.
and Allchurch, 1967). The'maximnm thickness of Permian sediments in the.
Boorthanna Trough,indicated by seismic surveys is in.exoess of 4000 feet.

The central area of the Arokaringa'Basin is characterised by
a gently undulating floor of‘shaliow, orystalline basement'(Milton;
19690); The basement’floor'slopes northward,»Wherelit nerées with
a narrow, west-southwest trending lobe'extending off the-northern
portion of the Boorthanna Trough (Fig. 2). Thé undulations of.the

hasement floor are of very low amplitude;‘too lowhto'show up in'thef.

-generalised contour map, Fignre 2. hThey are thought to be caused

by structural trends within thedbasement»and“are Well'displayed on

the grav1ty map , Flgure 3. The same map shows three pronounced |
pos1t1ve grav1ty anomalles (Mabel Creek Coober Pedy and Mount Woods .
anomalies) forming the southern margln of the central basin area.
Seismic refraction work shallow drllllng (Brady No 1) and the exposed

orystalline:rocks at Mount Woods 1dent;fy_these.grav1ty'features as

"bald-headed" basement highs,'across'Whioh Permian'sedjments are -

either absent or very'thin (Fig.2).

_ The third feature of the'ArckaringafBaSin; situated<t0'the
south of.the "bald-headed”.basement highs is indicated by the north—‘
convex trend of negative.graVity_anomalies (Fig.3). The west to |
southwest trending narrow feature has been-termed the.Wailira'Trongh
while the southeast trending "low" is referred‘to as the Phiilipson‘
Trough;.On a previous map. of the basin (Wopfner, 1964) the latter
feature was referred to as the Lake»Phillipson TrOuéh and;'in the
absence of geophysical data, its trend'was shown to'extend northwards
towards and beyond Coober Pedy; This basin-shape has'snbsequently
been adopted by Canaple and Smith (1965) and Ludbrook’(d969) From
the data presented here (Figs. 2 and 3) it will be apparent that. the

Phillipson trend»sw1ngs-to the northwest where it oonnects w1th the
Wallira trend. Seismic reflection and refraction surveys haveVShoWnA
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that the Phillipson Trough is'a’cbmpléxiétructure, consisting of
itWo lobes with a»méximum accumulation of'Permian éediments in excess
of 4000 feet (1219 m) (Milton, 1969c). Almost 3000 feet (914 m) of
Lower Permian sediments were drilled in Lake Phillipson Bore
(Ludbrook, 1961) situated on the north-eastern slope of the trough.
The southern limit of phg,trough_has as yet not been determined.
| The Wallira Trough is, at least in its north-eastern part,

a narrow graben, controlled by syngenetic faults. The greatest
displacement occurredralong the northern margin, as indicated by
the steep gravity-gradient (Fig. 3) and confirmed by seismic reflectibn
and refraction surveys (Figs., 2 and 8). Rejuvenation of this fault
‘in pogt—Mesozoic time has_resulted in a clear surface trace in the-
form of a low fault scarp. ligximum sediment fill is about 5000 feet
(1524 m).  The south-western extension of the trough, indicated by
the Bouguer gravity map has not yet been investigated. The southern
slope of the WallirauTrough is, at least in parts,; also fault controlled
" and shallows rapidly southward (Figsﬂ:2.and 8) . Exposures of igneous
rocks of the Gawler Platform mark the southern boundary of the basin
'in this region.

‘Thelwestern and north-western margins of the Arckaringa
Basin are still largely unknown. It is fairly certain that Permian
sediments overlap, at least in some parts, the Cambro-Devonian
sediments of the eastern Officer Basin but exact boundaries have
not been established.

| . STRATIGRAPHY

The Permian sequence of the Arckaringa Basin contains three
litho-stratigraphic units consisting, in ascending order, of basal
coarse-clastic sediments, a dark shale unit in the middle and an
interbédded sequenéé of siltstones, coal gnd fine grained sandstones

at the top.
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Freytag (1965) defined the top unit as the Mount Toondina
Beds, .designating the exposures at Mount Toondina as*fheAtype
locality . (Fig. 2);'-Wopfner'aﬂd“Allchurch:(1967),‘in déscribing the
subsurface sections in the -Cootancorina Well No. 1 adopted the name
Mount Toondina.Beds ‘but: in.the absence of -formally defined names
for the»twouléwer units, informal terms were used. :The Shale: unit
bélow.thé Mt.vToqndina'Béds was referre&,anas "Unit 1" and the
basal coarse clastics were called "Unit 2". The Cootanoorina Well
was the first well drilleduwffh'édeéuéﬁé‘géglééical control and the
electric and radioactivity logs obtained from that well;ialiowed“
separation of the three rock units by Ckérécteriéﬁic_iog respénses;:
in particular, a clear loWer'bgundaryffbr the Mount Tobn&ina'BedsA
could be established by“a'marked'chénge'in“fdrﬁatidn:fésiétivity.

Using the old Lake-Phiilipsdn'boré, dfilléd almost 70
years ago, “as fhe‘"stan&ard”Subsurfade”Séctioh", Ludbrbok (4967)
named two lower units Lake Prillipson Beds and Stuart Rangé'Beds.
Unfortunately the name’"Lake“Phillipsoﬂ-Béds"‘has>beéh foﬁn&'to be
invalid,'ésifﬁé‘term Phillipson Beds;'ﬁséd:for:aﬁrock;uniﬁ in the
Canning Besin (Casey and Wells, 1961) has priority. In order to

comply with the Auétralian Code of Stratigraphic Nomenclature the

basal Permian unit of the Arckaringa Basin will have to be redefined

(Ludbrook, 1969). |

L The correlation presented here is ‘based ox electric and
radioactive log characteristics (Fig. 4) and is consistent with
palynological and micropala€ontological datd (Harris and MéGowran,
19671anq‘pers. comm, Harris;u4969;“MCGowrah,'ﬁ969); " Since wire liﬁe
log corfglatibns cannot be extended to the Lake Phillipson bore,
since there ‘is doubt abaﬁt the lbWer boundary of the Mt. Toopdiha
Beds in the section-of this bore'(Hafris and McGowran, 1967), and
since a new name is needed for the lbﬁéﬁy unit, the author prefers

to apply for tqé purpose of this paper, the partly informal -
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terminology used for the Permian section in the Cootanoorina No.1
Well (Wopfner and Allchurch; 1967) and in subsequent stratigrephic
~wells drilled in the Arckaringa Basin (Demaison, 1969). Furthermore;
since accurate velocity data over the whole Permian section were
obtained in the Cootanoorina No.1 well, the same rock units can now
be identified also by seismic methods, providing the sediments are

thick enough to yield good seismic results (Milton,1969a and 1969b).

Descriﬁtion of rock-units

UNIT 2: Exposures of this basal unit occur intermittently.;?
along the western mafgin of the Peake and Denison Ranges (Parkin, )

1955; Wopfner, 1964; Heath, 1965). Although the Permian age of

" these sediments has not been established bypalaeontological evidence,
their lithology'and boundary relationships combined with geophysical
data, can leave very little doubt that they belong to the basal
Permian succession.

The basal beds consist generally of ill—softed, coarse
clastics, the size of theAcomponents ranging from pebble.size to
boulders up to 10 feet (3 m) in diameter, with an average size of
about 6 inches (15 qm)ﬂ Cobbles and boulders are generally sub-
rounded; striated, fluted and "soled".pepbles are abundant, (Figs.
5, 6 and 10). Matrix composition ranges from clayey sandstone
in the north to ill-sorted, loosely consolidated sandstone further
south (Fig. 5), and to calcareous or dclomitic sandstone in the
southern-most exposure (FigoﬁO)o B .

At Mount Dutton, where oreof the bést sections is exposed,
. the basal coarse clastics grade upwards into thinly bedded, sandy
shale with rare pebbles; generally less than 5 cm in diameter. The
clay fraction in this shaly unit is dominantly illite. (Heath, 1965).

In subsurface, two distinctive facies developments are

discernableAwithinpthe_stratigraphic interval of Unit 2. One facies
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is characterised by the domlnance of diamictites whereac‘che ‘other .
faciés “consists of cycllcally graded sequences of coarse and fine clastlcs.
The 1nter—relatlonsh1p between these two fac1es has not been fully
establlshed yet In places they certainly intertongue laterally but"
there is also good ev1dence that the graded sequence overlaps the .
dlamlctlte facles on structural hlghs and along some of the basin marglns.a

The diamictite facies is known from the Take Phllllpson
Bore (Ludbrook's — 1961 - boulder clays), from the Boorthanna ‘I.‘roughf‘.~
and a Very thin sequence was also encountered in Wallira No. 2, on the -
northern'Slope of the Wallira'Trough' The diamictités consist of a
groundmass of calcareous claystone with up to 15A of randomly

1nterspersed fine to medium gralned quartza” These quartz gralns are‘

‘very well rounded, of very hlgh spherlclty'and'their surfaces are

invariably frosted. Scattered through this matrlx are, w1th varylng

dens1ty, granule to ‘cobble size clasts of granlte, quart21te, and
other exotlc rocks° Irregular oT lentlcular sand bodles are also
present In Walllra No. 2 Where 21 .cm. of dlamlctlte restlng dlrectly

on crystalllne basement ' weére recovered in a dr111 core (Flg 7)., the

'sediment consists of a dark greenlsh grey unsorted groundmass of fine to

medlum grained clayey arenite with angular to sub—rounded clasts up
to 2 cm. in dlameter.: Its cOmpositiOn is about 30% quartz; 25% rock
fragments, 5% feldspar and 40% matrix. The latter consists of 11L1te,
montmorlllonlte, kaolin, carbonate (dolomlte and 31der1te) and sub—
microscopic quartz (?rock flour) The 1lllte/kaolln ratio is 1. 5° »

In the deeper parts of the troughs Where apparently the
greatest thickness of diamictiteswas dep051ted thlck intervals of
green splintery shale are intercalated between the dlamlctltes ‘and a
thick band of chocolate—brown shale sometimes ocours near the base. Theé

shales (both green and brown) are'very-cleandor slightly micromicaceous |

"clay shale and are generally thlnly f15511e°

The cycllcally graded ‘facies of Unit 2 consist of 1nterbeds

of coarse, ill-sorted greywacke type clastlcs and-arkoses ranglng
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from conglomerate to silt size cr silty shalec‘Indiﬁiduei;clasts up to-
2-feet (60. cm) apparent diameter have been recovered in drill cores.
Graded bedding has been observed in cores from the Cootanoorina No. 1,
Karkaro No. 1 and Wallira No. 2 wells (Fig. 7). Slump structures are a
ylcommon feature, particularly within the finer grained sedlments° The
shape of the pebble to_cobble-31ze components 1s generally subrounded,
but anéular and well rounded components are also present. Elongated
pebbles have their longer axis orientated parallel with bedding. The
cobbles and boulders contained within this faeieS‘of Unié 2 commohly
reflect the composition of the nearest basement high, Thus within the
outcrop area and in Cootanoorina No. 1 they consist largely of Adelaidean
sediments and pre—Adelaidean crystalline rocks of Denison Block provenance;
in Wallira No.1 the coarse clastics comprjse»porphyritic rhyolites and
other igneous recks of northefn Eyre Peninsula, whereas in Karkaro No. 1
the dominant rock types are gran1t01d rocks similar to the underlylng
basement In the last named well, an almost unconsolldated coarse arkose
which is best described as granite Wash, was encountered a few feet above
the basement contact. In Wallira No. 2, where the thickest sequence of
this faeies has.been encountered sq'far,,thelbasal 300 feet contain an
abundance of red volcanic rock -fragments, indicating a southerly source,
whereas the dominance of metamorphic rocks higher up suggest a more
local provenance, possibly the Coober Pedy Basement High.

The differences in matrix are eonsidered to be of considerable
genetic significance and are therefore dealt with in some detail. In
Cootanoorina No.1 the dominantfmatrix is micritic or less commonly sparry
carbonate, usually dolomite or a dplomite—caleite mixture. In Karkaro
No.1 the matrix consists generally of fine grained sandstone with some
kaolin, but in the better sorted arkoses, matrix is almost absent, result-
ing in a semi-friable, highly porous sediment. In Wallira Nos. 1 and 2

the most common matrix consists of fine-grained, illsorted, pyritic
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sandstone with small amounts of clay. The clay fraction consists of
kaolin (both crystalllsed and disordered type) ‘montmorillonite and trace
amounts of 1111te,-w1th 1lllte/kaolln ratlos ranglng from 0.04 to O, 01.
The upper part of core 7 in Wallira No.2 (1094 to 1095 feet Fig. 7)
contains no.clay at-all and the sediment is ‘cemented by -crystalline -
gypsum and dolomite. The gypsum poikilitically encloses the clasts of

the ffamework in sﬁch a marner that-there»iéuoffeh no eontact between
adjacent grains. A S

The thickness of Unit 2 varies from about 100 feet (30 m) of

" the outcrop section at Mt. Dutton (Heath, 1965), 440 feet (145 m) in

Wallira No. 2 and more than 1000 feet (300 m) ‘in the deep centres of
the troughs. The unit is absent in Mount Furner No.1 (Figol4).
| | Plant spores and pollen recovered from this unit in’

Cootanoorina No.1 date it ds Lower Permian (Harris and Mcdonan, 1967)
but basal sediments in the deeper ﬁarts of the ‘troughs may possibly'
extend into the late Carbonlferous° A lowermost Sakmarian age was suggests
ed by Ludbrook (4961) for the basal dlamlctlte fa01es in the Lake
Phllllpson bore.,

‘ UNIT 4: This, the middle unit of thejPefmiah*eequence of
the Arckarlnga Basin, con51sts substantlally of dark’ grey to dark
greenlsh-grey shale9~and pale to mld-grey s1lty to sandy shale. The
lower parts of this unit a;e plastlc when wet and contaln thin 1nterbeds
or lenses of fine grained;'calcareets,'pebbly Sandstone; The dominant
clay mineral is kaolin With‘sOme"moﬁﬁmofiiieﬁite'andliliiteo"Varjing
amounts of carbonate are also present. Thin interbeds or lenses of fire
graihedl calcareous sandstone with occasional granules or pebbles occur
at irregular 1ntervals° - “ o |

The middle part of Unit 41 in Cootanoorina No. 1 is composed

of a mid-grey, micaceous siltstone, with about 110 feet (33 m) of

anhydritic siltstone near its bese'(between~2080,and=2190 feet,

©%%,9 m and 66705_m)ﬁ The top part is a-grey, micaceous shale with

lenticles or laminae of. siltstone or-very’fine;grainedisanda Kaolin
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" is again the dominant clay mineral with some montmorillonite and
illite. The clastic grainé of the silt—sand laminae are compdsed of
quartz, feldspar, lithics and miéa° ,Acdessory minerals are, in
order of abundance, tourmaline, chlorite, garnet, biotite, mica and
zlrcon., |

Similar features are displayed.ip-thé limited exposure of
this unit near Mount Dutton. Heatﬁ (1965) describes this unit as
greenish to bluish—grey laminated shales, consisting of approximately
equal emounts of kaolin and illite, with irregular blebs and lenses
of fine quartz sand.

Unit 1 generally contains foraminifera and some rare micro-

fossils have been described by Ludbrook (1967) from intervals of the

Stuart Range Becds, apparently equivalent to Unit 1. The foraminif-

~eral fauna encountered in the sediments of Unit 1 consist entirely ofi

arenaceous species. Even when'specimen numbers aré high, the
assemblage disappears:spddenly at the top of the unit in the Karkaro
énd Wallira sections(MgGowran,J4969,.pers. comm.), and within the
unit in Cootanoorina (Harris and McGowran). In the latter well, the
disappeafance of foraminifera, but not microplankton above 2200 feet
(670.5 m) coincides with the onset offdepoéition oannhydritic and
gypsiférous siltstones (Wopfner and Allchurch, 1967). The age of
Unit 1 is Sakmarian. |

The thickness of Unit 1 varies between 855 feet (260.6 m)
in Cootanoorina No. 1 and 88 feet (27 m) in Mount Furner No. 1 (see

Fig. 4).

MCUNT TOONDINA BEDS: This unit was first described from Mount
Toondina in the northern Boorthanna Trough, where thesé sediments

are exposed in a circular, piercement type structure (Freytag, 1965).
In the type-section, about 250 feet (76 m) of grey siltstone,

carbonaceous shale, fine-grained sandstones and several coal seams
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are exposed. Many of,the:siltstonss are laminated or thinly inter-
beddedQWith_carbonaqeous shaie andzekhibit low. angle -?SymP§°ti° or
festoon?typefsurpentfbedding._Plsnt fossi}s, contained inﬁssshalsy

A

siltstone at about the middle of the type section, comprise Glossopteria

indica Schimper, Sphenophzllumsspo Cordaites»australisA(McCoy)
Gangamopteris sp. Schizoneura sp. and equistalean stem impressions

(Freytag, 1965).

_The Mount Toondina‘Beds encountered %n the varisus strati- -
graphic wells exhibit the same basic lithological charateristics. as
dessfibed from the type sect_isno In Cootancorina No. 41 an upper .unit,
consisfing of pale to.dark grey micaceous (biqtitis)ﬁ'feldsﬁathic‘siit—
stones, interbedded with carbonaceous shale and seams of black coal may .

be distinguished from a lower.unit,.squrisipg mainly_pale grey, calcar-

- eous siltstones With_ﬂﬁq1interbedsjpf:fins;grainsqssalcéreous and félde

spathic sandstones. The two units afe'sspéraﬁed by about 50 feet of fine-

grained, lithic greywacke, compdsed Ofsangularlto subangular grains of

| quartz (30%), lithics .(25%), feldspar (15%),;ﬁisss (10%) and clay matrix

( 2000)‘ ° . . - . . ..

'Ts the west of the Boorthanna Trough, .the lower portion of
the Mount.Toonqina Beds shows a marked insreass in_sand/shale_ratio
together with a s;ight_ove:alldcoarsening ofgrainssize (see:section"
between Cootanoorina No. 1.to Karkaro No. 1; Fig. 4), A‘particﬁlarlyi
thick sequeﬁcsuof finesto med;ym;gggiged, friable? feldspathic‘sand
was ensbﬁntered in Mopnt Furner Nc;.a below a.normal "upper" sequence
of’Mdun? Toondina Beds .(DemaiSon, 1969).

The base. of the Mougt‘Tooﬁdina Beds can be identified
reliably on electric and rsdidactive logs. This is strikingly
demonstrated by the resistivity curves.in Cootanoorina No. 1, where
this boundary is marked by an increase,in resistivity .of 12 ohm

n°/m (Wopfner and Allchurch, 1967).
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The Mount Toondlna Beds generally contaln a varied.micro-
flora with an abundance of megaspores (Harrls, 4969) Palynologlcal
evidence 1ndlcates,an Artinskian age (Harris and McGowran, 1967) ,
and they are thus equivalent'With the ldwer and middle member of
the gas-bearing Gidgealpa Formation of the>Cooper Basin‘(Wopfner,
1966; Martin, 1967b; Paten, 1969)

The greatest thickness of Mount Toondina Beds (1279 feet,
.590 ﬁ)lwas encountered in Mount Furner No.1 . This compares with
1080 feet (329 m) in Cootanoorina No. 1, 710 feet (216 m) in
Karkaro No. 1 and 235 feet (72 m) in Wallira No.q. The Mount

- Toondina Beds are absent in Wallira No. 2 (Fig. 4). |

The Permian sediments of the Arckaringa Basin are overlain,

‘either discohformably or with slight angular unconformiﬁy by the

Upper Jurassic to Lower Cretaceous sediment-sequence of the Great

"Artesian Basin.

DISCUSSION

Status of environmental interpretation

Important progress in the ppderstanding of Permianlt
deposition in Sduth‘Australia; untii then summarily regafded as
glacial and fluvioglacial sediments, was made by Ludbrook's

" discovery of foraminifera in Lower Permian sediments of the
Troubridge Basin, the Arckaringa Basih and the Rehmark Trough
(Ludbrook, 1956, 1961, 1967) and the establishment of Lower

« Permian age for parts of the pré—Mesoz?}c seQuences of the
Arckaringa and the Pedirka Basihs by pélynology (Balme, 1957). A

number of palaeogeographic models have been proposed since, to

account for:
... {4)...The, trough-shape of a number of Permian basins; .. _. . .

(2) The mode of entry to the sea;
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(3)  Thé presence of marine fossils in coafse clastic sediments of
‘glacial origin;
(4) Presence of cyclically graded bedding and micritic carbonates
'in sedimerits of>presumed3glacial4ofigin:; and
(5) The "restricted" foraminifera fauna of Lower Permian sediments;
'particularly Unit 157
Ludbrook (1961, 1967, 1969) proposed over-deepening by ice
followed by marine incursion in fiords with marine glacial deposit-"
ion and thought that low water -temperatures or low -salinities were
responsible for the restricted.faunas,
The present author (Wopfner, 1964)»$uggested_a similar
concept for the Arckaringa Basin but'argued for almore‘mature land-
scape than that suggested by Ludbroock ( op cit), and inferred that

isostatic sea-level changes may- have been:résponsible for the entry

of the sea. Neither of these models are now considered satisfactory.

In applyingifeatures of the Quaternary glaciation to Fermian
succession, the great difference din the time spans involved is too
easily overlooked; - deposition of~the'Permian_sequence in .the ‘Arckarirga
Basin required at least 20 million years compared with the 1-to 1.5
miliion.year,span of the Quaternary glaciation.
- - Based -on -seismic results -and new~inforﬁation‘obtained from

the Cootanoorina No. 1_Wel1,AWopfnef and -Allchurch (1967). emphasised .
the tectonic control of Permian troughs and propoéed transpoft.of
glacial-debris by density currents into the deeper part of the trough
to account for the graded bedding and the micritic carbonates in
Unit 2..

A quiet water, marine environment with physical restriction -
up-section Was-envisaged by the same authors for the sediments -of

Unit 1. Similarly, Harris and McGowran (1967) suggested that the
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Arckaringa Basin atlthe time of depos1tlon of Unlt 1 "formed a gulf
which became for a time normal marine in a sense, but not open marine"
- It will be evident from the descriptive part of this paper yd}

that the Permian sediments of the Arckarlnga Bas1n resulted from a
variety of events leading to complex and diverse‘environmental
"conditions. In order to derive'a model which, hopefully, will

account for all the known data, a number of aspects<Will have to bé:"

considered in the following discussion.

Permian fiords or grabens 7

The answer to this question has to be derived from evldence
on pre- and early Permian morphology and tectonisms.

Modern fiords are drowned, gla01al valleys formed exclus1ve—
ly along coasts of high relief (Falrbrldge, 1969) - in other words in-
a juyenile topographic setting; They are .open bo the sea and oommonly' o
»'associated with them are submarine canyons down the adjacent
poontinental slope (Holtedahl, 1950; Bruun et al., 1955; Brodie,
1964; Anderson, 1968); Despite the'steep—walled surroundings and .
the apparently high erosional gradients, sediments deposited in |
fiords, and for that matter in lakes of glacial valleys, are
surprisingly fine graihed, mainly in the medium grained sand to
silt range (Pantin, 1964; Weynschenk, 1949). Deposition.of coarse
"clastics is generally restricted to the mouths of streams.issuing
into fiords, where local deltas may develop (Brodie, 1964). The
*more dlstal parts may occa81onally recelve psephytlc material from-
local gravity slides (Helm, 1921) or from catastrophlc rock falls
which may dump large masses of blocks and boulders. In Norwegian
fiords, where flood—waveS'initisted by such rock falls have caused
severe damage to'human habitation for many centuries (Bugge, 1957;

Jdrstad, 1956) up to 1.5 million cubic metres of rock have been
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dumped by.one. single fall (Kaldhol and Kolderup, 1936, p.12)%
N It can. not be denled that certain sedlmentologlcal features of
Unit 2 of the Arﬂkarlnga Basin could be explalned by post—glac1al depos1t—
ion 1n ‘a fiord - env1ronment However,’a comparison between the cross -

sectlon;;of'flords and the section across‘Walylra“Trough, by far“the .
narrowest 6f all Permian troughs in South‘Aﬁsffalng(Fig;8) demonstrates -
the fundamental diffefehéé in profile. The glaciated valleys clearly
show the'jﬁvéﬁiié;topbgfaphy in Which.théy:eVSIVéd~Whefeaé the Wallira
Trough is easily identified as a graben-structiure, formed by syhgehetic
fauitiﬁngf a mature lahdébapeo-The same éréuﬁent'aﬁplieéfééuallyfor
even moré'éo'fo dthe} Permian'trbﬁghé-ih South Auétralié,féiijbf'Whidh}
are fault—controlied. : .
Good evidence for'the méturé°nétufé.6f.thélpfé;Permian.

iandscapefwas"obtéined in the Karkaro well No. 4; where the bottom

" hole cores encountered, what would appear at Tirst sight, large granite

boulders'ﬁeneath'thexPérmiaﬂxéedimenfé; The boulders, thé surfaces of
which were rough With'individuéiiprétrudihg quartz grains, wére sepaféted
by layers of laminated greywacke-siltstone, 5 t6 15 cm” thick and with
good geopetal textures (scour and fill). All "boulders" were composed’
of sl‘i‘ghtiy”scihistose'biOtite"gran'ite'of'ideﬂ%ic—:alh'cbmposiﬁi‘bn° As

there was nearly 100 per cent core recovery from this inteérval it could
be established that the "boulders" were in factfié §iﬁg'frégmeﬁ%ea'parfs
of the basement (Fig. 9). Any doubt. of this interpretation is dispelled
by the sudden- increase of.the geothermal gradient observed.at the top

of the basement blocks (Fig.9). ?hejfecoﬁstruction of the core:record
from the bottom of Karkaro No. 1 (Fig. 9) shows a basement

morpholoéy“éuégestive of "tors or. exhumed core stones. (. core boulders)

“not unllke the present day: topography developed on granitic terrains

in Australla, as for instance in: the Everard Ranges (about 90 miles"
W of KarkarOJ) or the Devils Marbles in the.Northern Teéerritory -

(Olliver, 1965). The open joints between the basement blocks were
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'obﬁiously filled by water-deposited sediments, end_as these sediments
are very similar to the finer fractions of the overlying Permian
sediments, it is probabie that they Werehlaid dgwn.at-the onset of.
Permian deposition in that area. »-fﬂ_ b A |

Views on the origin of tors ‘and eere—stonee'fary greatly and
current hypotheses were summarlsed by Cunnlngham (1969) They range
from exhumation of a dlfferentlally rotted regolith,- formed under a
tropical climate i(Linton, 1955) to scarp:retreat under tundra
conditions (Fitzpatrick, 1958). Regardless of the differing mode
of origins proposed for the development of tors and core stones, it
is evident from study of the literature that these landforms are
incompatible with the violent erosion of a juvenile landscape and
it would appear that tney are unable te survive the rasping and
2pluck1ng forces of glaciers. A

Tne gently uridulating pre—Permlan basement floor (Fig. 2)
also indicates a mature, or even old prefPermlan topograpny which
would have been modified by block faulting.just prigr te.and during
Permian deposition. . |

The picture which emerges is one of an upfaulted plateau with
adjoining grabens or half—grabens. The uplifted portions of this

landscape became the foci of glacierisation.

Depositional environment

The various lithologies which comprise the basal Permian
sediments of Unit 2 require equally varied and complex environments
in time and space.

No doubt, the coaree clastics with striated and fluted
cobbles and boulders exposed along the eastern margin of the
Arckaringa Beeinkrepresent true glacial depositef' The abundance

of striated cobbles, but also participation of finebéneéned matrix
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material (1nclud1ng 1lllte) is greatest in the north both features

becomlng less abundant towards the south of the outcrop area°

Flne gralned matrlx materlal flrst changes to a sandy matrlx (see

, Flgo 5) and flnally to a sandy, mlcrltlc matrlxou The latter

depos1ts are clearly water lald sedlmentso Thls 1nd1cates an
1ncreas1ng dlstance of the present outcrops from the buoyancy llne |

(the llne along which the bottom of the 1ce—flow loses contact

'with'the‘ground) from north‘to south; Thus the sedlments at Mt

Dutton are 1nterpreted as moralnlc or near-morainic dep051ts, the
more sandy sedlments further south (Flg 5) may represent eskers,
whereas the southernmost exposures are most llkely downslope depos1ts
p0551bly Wlthln the calv1ng zone, whlch could account for the
abundance and large size of erratics embedded in calcareous and
dolomltlc, 1ithic sandstones (Flgevﬂo)

' ‘ Some of the dlamlctltes probably also represent prlmary
morainic depos1tso The basal dlamlctlte in Walllra No° 2 for
1nstance (Flg 7) exhibits llthologlcal features 1dentlcal to the

tlllltes Whlch rest on the gla01ated pavements of the Troubrldge

-Ba51n° The 1lllte/kaolln ratic of 1. 5 of the clay fractlon of tth

rock also supports a prlmary glac1al orlglno ‘

| The dlamlctltes of the deep troughs are llthologlcally very
similar to tlllltlc depos1ts9 but the 1nter—calatlons of clean, .
flSSlle green and chocolate coloured shale—beds are not easy to
recon01le Wlth prlmary morainic depos1tso It is suggested therefore
that these sequences represent redepos1ted glac1al debrls Wthh was
transported ‘down the basin slope by mudflows, 81m11ar in mechanlsm
to that env1saged for ollstostromes (Floreau9 1959, Gorler and ‘
Reutter, 1968) The clean and f1ss1le nature of the 1nterbedded

shales, deposited during periods of quiescence is in keeplng Wlth a
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sediment laid down in the distal parts of the troughs.

The conglomeratic and cyclically graded greywacke-facies of

Unit 2 resulted largely f:pm ﬁhe transport of detrital material by
turbidity currents. ‘Inteftonguéing of the two facies may have been‘
due to bi-lateral intake, the turbidite.facies having originated on
the slopes adjacent to active faults and the diamictites on the more
stable slopes; | |

Transport of glacial débris from the basin.margin into
distai parts of the Boorthanna Trough by turbidity currents has
been suggested previouély by Wopfner and Allchurch (1967) ahd a
similar model was put forward by Frakes and Crowell (1967) to
account for the facies of (?) Permian diamictites of the Falkland
Island. | | _

However, whereas Wopfner and Allchurch (1967) suggested
that most of the turbidite facies of Unit 2 was derived from
primary glacial debris, new evidence from the stratigrapﬁfg drilling
indicates that the overlapping,‘stfatigraphically higﬁéf parts of
this facies may be the prbduct of a terminal to post glacial phaseo.
This interpretation is based on the nature of the matrix-clays and
the presence of gypsiferous and pyritic cement.

Hamilton and Krinsley (1967, ﬁ. 787) state that the finer
than 0.06 mm fraction of unaltered tiilite from the Bultfontein
Mihe in South Africa "contains abouf 50 per cent quartz, 20 per
cent sodic plagioclase,AS pef cent muscovite and no detectable clay."
In other tillites analysed by the same aﬁthors they found up to 7/
per cent illite, but no "recognisable non-illitic clay." They also
stress the pointlthat in unweathered Pleisﬁocene material from
Fennoscandia, illite is.the only clay present in drift deriﬁed

from crystalline rocks.
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Except for the basal dlamlctltes in Walllra No 2 none-of the
Unit 2 sedlments of théhcentral Arckarlnga Ba51n the provenance‘
of which was undoubtedly the crystalllne basement of the platform,
show comparable featureso The amounts of flne clastlcs (less than
0,10 mm grain s1ze) contained w1th1n the coarse clastlcs are very
small, 1ndlcat1ng w1nnow1ng of the flnes, there 1s no rock flouro
‘he dominant clay minerals are kaolln and montmorlllonlte nelther.
of which is indicative of boreal weatherlng condltlons° Thel
cyclically graded beddlng agaln shows depos1t10n out of turbldlty
currents, ' - ‘

Another 81gnlf1cant feature is the gyp51ferous matrlx
of the’ conglomerate encountered in Walllra No° 2 between 1060 and ’|O955'E
feet (325 0 and555 .9 n) (Flg 7) The loosely packed open framew o
work of the sedlment 1ndlcates a prlmary nature of the gypsum rather
that a subsequent fllllng of “the pores durlng dlarene51so The
formation of gyp51ferous sedlments does of course not necessarlly
require an arld, evaporitic environment. Gyps1ferous sedlments are

forming for instance in Milford Sound in New Zealand (Pantin 1964)

in an area with an annual prec1p1tat10n in excess of 250 1nches

(6250 mm) and in water w1th ‘an oxygen saturatlon between 80 and 2
per cent near the water sedlment interface (Garner, 1964) Kaplan d
(1964) explains these anomalous condltlons of ox1dlslng water

above a reducing env1ronment.w1th1n the sedlment by contlnued
renewal of the water andfrapid biological'decomposition df the
organic matter in the sediment Contlnuous burlal by influx of
detrital materlal preserves these condltlonso The gyp51ferous9
pyritic sediments from’ the margln of the Walllra Trough fulfll most
of thesé’ crlterla, and 81mllar ‘conditions could have per51sted 1n
some of the Lower Permlan graben structures9 partlcularly durlng

deepening by renewed tectonlsm. The coarse, i11 sorted but winnowed
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‘nature of this sediment together with the presence of exotica of
southern provenance, may be expiained by reworking of.glacial material
by currents under conditions similar to those described by Holtedahl
(1950) énd Anderson (1968) froﬁ thé continental slope of Norway.
The dominance of matefialwéﬁ local origin within the
kaolinitic greywacke which overlays ﬁhéngypsifefous conglomerate
suggests a source of active, high-gradient efosion ratheriﬁhaﬁ
reworking of glacial material alor,.é° Furthermore, the matrik—
kaolin also requires a source of subaerially forﬁed weathéring
products. As syngenetic faultihg during deposition of these
éreywackes is indicated by seismic evidence (Milton,.ﬂ969c>, a
tectonic origin.may be deducéda The detriﬁal materiéljwas eroded
off rising fault blocks and transported via scarp—footufaﬁg and
deltas into the adjacent, subsiding troughs, whence it was
_redistrjbuted by turbidity currents. Of coursé, tills and other
glacial debris, deposited previously about the basement highs
would have been eroded also. “ |
A very similar tectonic setting, but furfher removed from
the high is envisaged for the sediments of Unit 2, encountered in
the Karkaro well No. 1. <“he better sorted deposits such as the
granite wash near the baserf that section indicate however a more
fluviatile aspecto. |
Ffom the evidence presented above one may'State with
considerable confidence that the upper, overlapping sections of
Unit 2 originated in a post-glaéial environment.
The dark grey shale-silt éequence of Unit 1 resulted from
a quiet Waﬁer marine environment with largely fine clastic sediment
intake. This interﬁai represents a period of tectonic quiescence,
which COntraSts with the preceding phase of block faulting and

epeirogenetic adjustments. Minor episodes of tectonic instability

\
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are 1ndlcated by the occa81onal-1ntersper81ons of thlnAsand and
granule conglomerate b<dso The sea was already present in the
Boorthanna Trough durlng the depos1tlon of Un1t 2 and the same
applles at least to the upper parts of Un1t2 1n the Phllllpson A
Trough (Ludbrook 1961), and.probably also-ln the Wallira TroughoA
In the Mt. Furner Well, Un1t 1 is clearly transgres51ve over |
basementémda transgress1ve relatlonshlp may also be expected in

the area south of Karkaro Noo 1o

¢ The Well rounded and frosted quartz gralns of the 1ntercalated

sandblebs and lenses 1ndlcate a lOW rate of clastlc 1ntake and

dep081tlon under generally stable, marglnal marine condltlons, the

clastlc materlal remalned exposed on the Water sediment 1nterface

for long perlods before flnal burlal occurred. The dcmlnance of

kaolln agaln suggests a source of subaerlal weathering productsa

(-.“;.

Mind i

hd short llved eplsodes of tectonlc unrest are reflected by
the occa81onal 1nterspers1on of thin beds of fine sand to granule
conglomerate° _ »

The presence of anhydrite‘in the middle.part of Unit 1 in

the Cootanoorlna section (in contrast to gypsum) 1ndlcates the

temporary development of evaporltlc condltlons, brought about by

phy51cal restriction of a part of the Boorthanna Trough Formatlon
of anhydrlte by dlagen831s as des<rlbed by Shearman (1966) from the
Truc1al Coast is not cons1dered likely in thls case°

Evaporltlc condltlons are dlfflcult to recon01le with the
cold Water env1ronment suggested by Ludbrook (1969, 1967) to explaln
the restrlcted foramlnlferal fauna of equlvalents of Unit 1.
McGowran (in Harrlsand MoGowran, 1967) demonstrated that the sudden
disappearance-of foraminifera in Cootanoorina No., 1 coincides with

the onset of euaporitic conditions. From the high specimen number>'
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andclow diversity also found in the"more recently drilled
Stratigraphic Wells; McGowran (1969) concluded.that‘Unit 1‘wae
.deposited in a margihai marine environment in which slight
geophysical changes cau51ng changes in sallnity, oXygen saturation,
pH etc. would have a profound influence on the local development of
the restricted marine fauna. Such an enVironment is also supported‘
by sedimentological aspects. Ia Cootanocorina No. 1 for instance,
'staguant-bottom waters; approaching euxinic conditions (in terms of
Sloss, 1953 definition) are indicated by the abundance of pYrite in
| the dark ‘grey, organic shale which overlays the anhydrite horizon
(Wopfuer and Allchurch, 1967). This is only one example of one
sfecific entironment;iﬁhich developed locally'within the basin;”:
‘5lThat.the'fiue clastic nature of the sedimentslwae caused essentially
by primary 1ntake of fine clastic rather than by lateral sorting is
. 1ndicated By the overall uniformity of this unit. ComPObition and
'“particle eize changes very little and only slight-coarsening is
7 observed towards the basin margins.

There is geheral agreement that the Mt. Toondina Beds
originated in a freshwater environment, and in a warm and humid
climate (Harris, 1969). |

On present‘evidence it is not possible to state Whetherithe
change from the marine environment (Unit 1) to the freshwater
environment of the Mt. Toondina Beds was caused by depositional
regression or tectonic events. Available data show an increase in
thickness from south to north (Fig. 4) and this tende to favour an
overall tectonic control, although locally depositional regression
' may have been important. The basin floor was apparegtly tilted to
the north by gradual but continuous subsidence of the.uorthern

portion of the basin. Rate of sediment intake was sufficiently high
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for depos1tlon to keep pace Wlth the negatlve movements and rate of

burlal was comparatlvely faSt as feldspars and mlcas, but partlcularly“.WW

blotlte were depos1ted w1thout s1gn1f1cant*alteratlono

The lower unlts of the Mt Toondlna beds are largely

'fluv1at11e, flood—plaln and lake depos1ts° The 1ncrease of the

sand/shale ratio from east to West and the coarsenlng of the sedlments

in the same dlrectlon shows closer prox1m1ty to source areas in that

dlrectlono» rphe mlneral compos1tlon in Karkaro and Mt Furner suggests

RN

a maaor source in the Everard_Musgrave Block but some materlal may

have been derlved also from the Mabel Creek "basement hlgh" The'

thlck sand sectlon in the mldd e of the Mt Toondlna Beds in Mt. Furner.
No. 1 was 1nterpreted by Demalson (4969) as a. deltalc channel £i11
(finger sand) ' | |

Depos1t10n of the upper, coal bearlng unlt of the Mto

. ‘.‘, .

“ﬁtToondlna Beds occurred in shallow lakes and on the alluv1al plalns

and marglnal to these env1ronments fresh ‘water coal swamps of
cons1derable magnltude developedo | p
It is not poss1ble to give an.exact tlme llmlt.at'whlch the-

Arckarlnga Bas1n ceased to ex1sto

) Depos1tlon of the Mt . Toondlna Beds W1th1n the northern parts.'
of the Arckarlnga Bas1n extended close to the beglnnlng of the Upper
Permlan9 but was probably termlnated earller in the southern Bas1n
areao Further palynologlcal studles may poss1bly be able to deCLde
this questlon°

The termlnatlo;; f_the Arckarlnga Bas1n as a sedlment

receptacle was probably br

ght about by upllft and flnal stablllsatlon

of i the Permlan<ila$rophlsmuﬁﬁuhe area remalned essentlally s‘a

during the Mes0201c and experlenced only mlnor reJuvenatlon of

tectonism (Mt Toondln »piercement, Wallira fault) in postjMesoZoi¢~3,“)

times.
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CONCLUSIONS

Deposition within the Arckéringa»Basin was controlled by
syngenetic faulting and Permian climatic conditions, which ranged
from boreal at the béginniﬁg to moist,-subtropical towards the end,
and the séaimentéry seqﬁence refiedts the interplay between those
.controllingafaétors, '

. The Permian depositional phése was introduced by strong
diastrophism, leading to the develgﬁﬁent of grabén and half-graben

structures of considerable magnitude° The initiation of at least

some of these structural trends {e.g.Boorthanna Trough) dated however

back to Devonian times, and Permian movements resulted from rejuven—

ation of already.existing zones of weakness within the earth's

crust. This is not only a feature of the Arckaringa Basin, but

also of other South Australian Fermian basins. The Permo—Devoniéna;

period Qf diastrophism may possibly have been the first indication
of impending breakawaj of fhe-Australian continent from a soufhern

land mass,Athe final rémoﬁal of which is Well documented in the

late Jurassic and Cretaceous history of southern Australia (Wopfﬁer,

1969) .

.AS the commencement of the Permian glaciation éppears to
be almost simultaneous with the onset of diastrophism, the formation
of at least some of the Permian glaciers magihave béen dependent on
the formation of uplands by Permo-Carboniferous fault movemehts° The
strong affinities of the erratic components of local sources within
the eastern and southern Arckaringa Basin would seemingly support
such an intéfpretationo ?ﬁbrwitz (4960, P. 241) who studied some
morainés of the Troub;idge Basin in detail, also observed that the

erratic boulders and cobbles of that region Wefe derived from local
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sources. Campana and Wilson (1955) envisaged mountain type glaciers
for the area of the Troubridge Basin rather than a solid- sheet and
Glaessner,(1959)-stated that he could "see no-reasoﬁ’why these areas
(of Permian glaciation) should notAhave beeh individualiy glaciated
highlands, rather than parts of 'a circumpolar solid.ice ‘cap"

| Within the. Arckaringa Basin both northward and westward flows

of ice are indicated by»the.composition:ofithe erratiCs,'suggestingf
local foci-of;glaciation'rather than a%continehtal ice sheet. As all
availahle'evidence indicates a subdﬁed’pre—Permian topography, it is
suggested that the Permian glaciers originateduohiu@faulted highlands
such as:the Denison Block and the Gawler Block which Wefe”formed by
PemeeCarboniferous diastrophism. The glaciers which developed on
these fault-blocks would have been plateau—type»glaciers;'besf |
descrlbed as-.ice cap glaciers in terms of the cla831f1catlon proposed
by.Hobbs (1935) .- Gla01al debris was dumped: along the basin -margins
andgthence transported by mudflows and turbidity currents into the-
distal parts of the troughs. Present evidence suggests that, within
the region of the Arckaringa Basin, the Permian glaciation came to
an end by about mid-Sakmarian time. - If this is correct the duration
of the glaciation period would have been about 7 million years.

Some of the central ba51n areas such as the Karkaro - Mt,
Furner reglon were nelther covered by ice nor dld they become o
inundated until post-glacial times. -

~Eustatic changes of sea level may have had some 1nflueace on
post-glacial depos1tlon but by far the major control on post glaclal
sedimentation was exercised by continued diastrophism, which
maintained a high gradient betﬁeen the source areas and base level.
The.coahse detrital material, together with ksolin, the latter

produced by subaerial weathering, were deposited in river deltas and
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scarp foot fans whilst transport into the deeper parts of the troughs
was largely achieved by turbidity currents.

| Gradually diminishing inteﬂsity bf tecfonism led to the low
energy - marginal marine environment in the later part of the
Sakmarian, during which the dark shales of Unit 1 were laid down.,

Mild renewal of'epeifogenetic movements near the beginning
of the Artinskian expelled the sea not only from the Arckaringa Basin,
but also from other Permian Basins, e.g. the Cooper Basin. The
moist, subtropical climate promoted prolific plant growth and the
formation of coal swamps, whereas elsewhere, thick sand(bodies were
deposited in some of the river channels. Throughout the remaining
duration of the Permian depositional phase, fluviatile, lacustrine

and paludal conditions prevailed up to its termination.

In presenting the above model for the Arckaringa Basin, fhe
~authof, although:not claiming finality, hopes to have demonstrated
-that diastrophism was a major factor controlling Permian deposition
whereas climatic control provided the "overprinted" modulation. The

conclusions reached from this study however are not only valid for
the Arckaringa Basin but may be applied equally well to other
Permian basins in South Australisg.
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iPcrmlan Ba51ns in South Austral1a and dmstrlbutlon of pre Permran rocka.'

i
i

=Structure contour map and apprOX1mate marglns of Arckarlnga Ba51n ﬂ l‘5 "'9;%
‘Structure contours of base of Permlan complled from dr1111ng and # P
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:Bouguer grav1ty map of Arckarlnga Ba51n. Ma1n basement features ‘are’

identified! ‘by roman numerals: I J Denlson Block; II - III and IV -
" Mabel: Creek, Coober Pedy and Mt. Woods Basement ngh V - northern - .
“slope of. Gawler Platform. (Map complled from state graV1ty map TN
'1 1000000 of Petroleum 01V151on Geol Surv. S. Aust ) : ! o

SRR - A
‘Radio: act1V1ty log. correlatlon of ecent strat1graph1c wells 1n "‘,f? SRR
the Arckarrnga Basin. . The Sectlon has been compiled with reference . '~ .. =
to the top;of the Permian (Mt.Toondina Beds) (Section comp11ed by Sed

,Demalson and Townsend Petroleum D1V151on, Geol Surv. S. Aust )

fExposure of conglomerate w1th 111 sorted sandy matrlx (un1t 2)
containing!striated and "soled" cobble51and pebbles, exposed on
easteérn margin of Arckaringa Basin. Exposure near. Warrlna 25“

.mlles (40 km) SSE of Mt .Dutton. £
U.Strlated pebbles from exposure p1ctured in F1g S and from Mt Dutton‘

‘]I o .

, anmﬁles of varylng 11tholog1es of Un1t 2 from the Arckarlnga B351n.r.,
(1) Sandy, illitic diamictite résting on porphyritic microgranite i . . . :.
(dark - coloured) in Wallira No.2 (Gore. 7,- 1095.6 to 1096.5 feet; - . ' - i
333.9 to 334.2 m). Note irregularm contict betwéen diamictite and crystalllneffw
basement. »(2) Graded beddlng 1n;Cootanoor1na No.1 (Core 7, 2363 8 to 2&64 8;3/
- feet; 872“9 to 873.2 m). “The sediment 'is cemented by m1cr1t1c -
icarbonate.. (3) 1I11- sorted conglomerate, cemented by crystalline,.
’ yp51ferous matrix, from Wallira No.2 (Core 7, 1094.0 to 1094.8 feet;.
'533 4ito 333.6 m). (4)  Cyclically graded beddlng in kaolinitic .. .-
1pyr1t1c greywacke from Wallira No! 2 (Core 6, 829.2 to 830.9 feet;
;252.7 to 253.3 m). Darker, colours of fine gralned layers are ’ T
due 1o 1nva51on by dr1111ng .mud. Scales in centlmetres and 1nches..
If - ‘[ . "‘, L 'I . ') .
Comparlsonqbetween the graben structurewof the Permlan Walliral
Trough andqthe glac1a1 topography»of flords and glac1ated valley lake

datal

(Cross sectlon ‘of. Wa111ra Trough after Mllton, 1969)
Reconstructlon of bottom hole sectlon 1n the Karkaro Wcll No. di; L
:showing formatlon of "core stones! (core boulders) in the granxtlc

basement. uTemperature log on rlgﬁt dempnstrates marked 1n crease.

o [ l'_

Errat1c block composed of Sturtian (Precambr1an) t1111te and measur1ng _
3.5 x 9.5 feet (1 x 2.9 m),:weathered out from medium gra1ned,:ca1careous
'Edolom1t1c ‘sandstone (foreground) with- 1ent1cular pebble—conglomeratesn,q_
{Pcbbles ana cobbles; some‘w1th strlat1ohs, ‘are, scattered over the surtace.
‘Qutcrop ofiUnit 2: sedlment : "

Scalé on hammer:in -inches.’
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Examples bf varylng lltholog;es of Unit 2 from the Arckarlng
.Basin. (1) Sandy, illitic diamlctltb resting on porphyritic
mlcrogranlte (dark coloured), in Wallira No. 2 (Core 7, 1095. 6
to 1096.5 feet; 353.9 to. 334 2 m).. Note: irregular contact
between: dlamlctlte and crystalline basement. (2) Graded
bedding in Cootanocorina No. 1- (Core 7, 2863.8 to 2864.8 feet;
872.9 to 873.2 m). The sediment is cemented by micritic car-
‘bonate. (3) Ill-sorted conglomerate, cemented by crystalline,
‘gypsiferous matrix, from Wallira No.2 (Core 7, 1094.0 to
:1094.8 feet 333.4 t0 335.6 m). (4) Cyclically graded
beddlng in kaollnitlc .pyritic gré&wacke from Wallirad No.~2
/(Core 6, 829.2 to 83%0.9 feet; 252.7 to 253.% m). Darker:

colours of fine gralned layerS’are due %o invaaion by drilling
mudo : . :
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