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ABSTRACT

The crystalline basement of COOBER PEDY
comprises portion of the northern part of the
Gawler Craton. Outcrop is scattered and gene-
rally intensely weathered.

Sediments that included sandstone arkose
and banded iron formation were deposited during
the Late Archaéan to Early Proterozoic on an
Archaean basement. Metamorphism reaching granulite
facies grade occurred at about 2400 Ma, accompanied
and followed by syn- to post-orogenic granites, equi-
valent to the Glenloth Granite. Collectively these
metasediments and foliated granites form the Mul-
gathing Complex considered to constitute much of
the basement of the southern half of COOBER PEDY.

Similar metasediments and gneisses associated
with banded iron formations at Mt. Christie on
TARCOOLA and at the Mt. Woods Inlier on BILLA-
KALINA give contrasting ages of 2400 Ma and 1550
Ma respectively. This poses a problem to be
resolved.

A second metamorphic event reaching upper
amphibolite facies and showing evidence of retro-
gression, represents the Middle Proterozoic
Kimban orogeny of south-eastern Eyre Peninsula.
The intrusion of Gawler Range Volcanics around
1,500 Ma marked the consolidation of the Gawler
~Craton.

Eight basement provinces have been interpreted.
Their overall trend is northeast to east, similar to
that obtained for the overall trend of observed layer-
parallel foliations.

A prominent fault belt, comprising the Karari,
Wallira and Faulkness faults, may separate basement
which was strongly deformed and metamorphosed
during the Kimban Orogeny near the centre of the
map area (Province 3) from less affected rocks
of the Mulgathing Complex to the south (Province 2).
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A fault bounded northeasterly continuation

of the Tallaringa Trough on TALLARINGA is interpre-

ted with maximum seismic interpreted depths of

about 400 m.

The most northerly known outcrop of Gawler Range

Volcanics (Province 7) in South Australia occurs in

the vicinity of Perfection Well on the northeastern

margin of the Gawler Block.
Following cratonization, epeirogenic move-

ment along prominent northeast, northwest and

east northeast directions resulted in the formation

of the Adelaidean-Palaeozoic Officer Basin and

the Permian Arckaringa Basin.

INTRODUCTION

This report details and summarises geological and
geophysical studies of the Precambrian crystalline basement
of the COOBER PEDY 1: 250 000 map sheet. A history of the
mapping program will be described in a later report.

The basement of COOBER PEDY and adjacent areas forms
part of the northern Gawler Craton (Fig. 1) defined by
Thomson (1970) as that part of the Australian Shield in
South Australian that stabilised during Middle Proterozoic
times, having subsequently undergone only epeirogenic movement
and brittle deformation. He referred to the area of outcrop
as the Gawler Block.

Thomson's (1970) Gawler Craton differs from that of
Rutland's (1973) more expansive concept of the Arunta-Gawler
Province. This is made up of an infractrustal province, the
Gawler Nucleus, separated by the Musgrave-Fraser system
(formed between 1400-1020 Ma) from a supra-crustal province
to the north and west. A major'phase of plutonism named the
Pre-Carpentarian plutonism marks the time of cratonisation
(1900-1700 Ma).

Rutland (in prep. 1980) uses the term Gawler Province

to include the Lower Proterozoic orogenic domains (exposcd
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basement) named the Fraser, Musgrave, Willyama and Gawler
brogenic domains, the last being comparable to Thomson's (1970)
Gawler Block.

On southeastern Eyre Peninsula, good outcrop has enabled
recognition of a detailed stratigraphy and structural and
metamorphic history of that part of the craton. This has not
been possible for the northern part of the craton because of
intense weathering and lack of outcrop. Emphasis has consequeptly
been given to geophysics in interpretation of regional
geology and structure.

GEOLOGY A

Outcrop on COOBER PEDY is almost entireiy confined to
the southern hélf of the map sheet, and is highly weathered
and scattered (Encl. 3). The geology is described under six
divisions (the map symbol is shown after each heading).

Undifferentiated basement (AR)

This map unit consists of kaolin and kaolin-quartz rocks,
non-foliated to foliated, fine grained to pegmatitic and with
quartz reefs and stringers. Also included in this unit
are outcrops photo-interpreted as basement.

Metasediments etc. (APm)

Metasediments such as banded iron formations, quartzites,
meta-arkoses, and layered and foliated acid rocks and granulites, .
comprise this unit.

Banded iron formation, oxidised quartz-magnetite granulite
and banded gneiss outcrop in fhe vicinity of Commonwealth Hill.
The best outcrop is described by Whitten (1960) as, '"mainly
medium to coarse grained ferruginous quartzites made up of %
inch to 1 inch ba;ds of coarse haematite (much weathered to
limonite), separated by simiiar bands of sugary quartz'.

Whitehead (1976a) described one specimen from Commonwealth
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Hill as 'strongly_metamorphosed banded iron formation',
which contains 60-70% quartz and 30-35% oxidised magnetite.
The grain size of quartz is coarser grained than is usually
seen in South Australian jaspilites.

A prominent outcrop near Cross Roads Bore, richer in iron,
has been described as an oxidised quartz-magnetite granulite or
strongly metamorphosed banded iron formation (Whitehead, 1976a).

An iron oxide-bearing banded gneiss, near Thunderbolt
Tank, may have been a low grade banded iron formation (Whitehead,
1976a). It is only 1-2 m thick and occurs with quartzite and
clay-quartz rocks.

These bodies apparently have limited lateral extent and are
generally lensoid in shape. Along strike from several outcrops
of banded iron formation the iron and quartz content decreases
with increasing kaolinized ?silicate minerals, reflecting in
part at least, a primary sedimentary origin for the banded iron
formation.

Little can be said of the metasediments associated with
the banded iron formations, because of their highly weathered
nature. Microcline, plagioclase, cordierite, muscdvite and
rounded zircons have been identified in less weathered gneisses.
The textures of some specimens have been interpreted as granulitic,
modified by granulation, shearing and re-crystallisation.

Twelve kilometres east of Sandstone Outstation, metasediments
outcrop in the floor of several lakes. They are layered quartz-
ites, being feldspathic, garnetiferous and micaceous 1in part.

No foliation is conspicuous and grains form an equigranular matrix.
Mineral assemblages are:

qtz + k feld + plag + garn + bio



Layered and granulitic rocks of acid composition outcrop
throughout the southern and western parts of the map sheet.
Mineral assemblages are:

qtz + k feld + plag + garn + bio (general)

gtz + k feld + hypersth + bio (rare)

Generally a foliation is not evident and a layering, or
banding is only weakly defined.

Northwest of Cross Roads Bore there is considerable
variation over a few metres both in the texture and composition
of granulites. The dominant mineral assemblages are:

gtz + ortho peth |

orthopy + hypersth

qtz + plag + k feld

Textures range from granuloblastic equigranular with smooth
to curved grain boundaries, to a ribbon structure where quartz
has been mobilised under some stress and recrystallised giving
smooth to irregular boundaries.

Granulitic and layered acid rocks have been intersected
in Wallira No. 2 (altered biotite-pyroxene granulite) (Townsend,
1973) and also in one of Utah Development Co. coal exploratory
holes, biotite+chlorite+feldspar gneiss or granulite (Envelope 2410).
These are located respectively on the northern margin of the
Wallira and Lake Phillipson Troughs. At Pitigeralds Dam,
basement that forms part of the Fitzgerald basement high, outcrops
through a thin cover of Mesozoic and Cainozoic sands (Encl. 3).

It is the most northerly basement outcrop of the map sheet
and has been Variously described as potassic gneiss, granite or
gneissic granite and quartz-feldspar ?granulite (Whitehead, 1967a;

Steveson, 1976).



Granitoid rocks (AR )

White porphyritic granodiorite outcrops east of Sandstone
OQutstation in the floor of a small claypan. Non-foliated
coarse grained granodiorite intrudes fine-grained gneiss of
similar composition. Laths of plagioclase in the granodiorite
have a weak preferred orientation and quartz is eloﬁgate but
has not been recrystallised (Whitehead, 1976b). It may be
equivalent to the Glenloth Granite.

Granites (B )

Near Surprise Bore are sheared and deformed granites that
are foliated in part. Some are characterised by laths of pink
potash feldspar, up to 1.5 cm long, and others by ovoid blue
quartz. They are similar to rocks of the Balta Granite and
the Engenina Adamellite on BILLAKALINA (Benbow and Flint,
1979).

Basic dykes (Bg)

Doleritic dykes have only been observed in the vicinity of
Commonwealth Hill, where they occur in a east-northeasterly
“trending zone in close proximity to a banded iron formation.
They are weakly layered and are apparently un-metamorphosed.
However, a specimen collected by A. Williams (Vitols, 1974) indicatc
a complex postcrystallisation history that may have involved |
regional metamorphism.

Diorite with up to 5% magnetite was intersected in
drill holes southwest of Wirrida 0.S. within the area of an
intense aeromagnetic anomaly (Dampier Mining Company, Envelope
3334).

Volcanics (Ba)

Brown porphyritic rhyolite eutcrops at Perfection Well

and is considered part of the Gawler Range Volcanics.

Drilling and seismic surveys by the South Australian Department
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of Mines and Energy (Nelson, 1971, a,b) indicate a sub-areal
extent greater than 100 kmz. 'Felspar porphyry' has been
intersected in a bore (5738—00034) in the central southern part
of the map sheet.
| METAMORPHISM AND GEOCHRONOLOGY

An acurate determination of the history and grade of
metamorphism is not possible because of weathering and the
restricted mineral assemblages.

The mineral assemblage most commonly Seen in rocks belonging
to the Mulgathing Complex is:

qtz + k feld + plag + bio + garn
and less commonly:

qtz + k feld + hypersth + bio

qtz + orthopy + hypersth + k feld + plag

qtz + k feld + plag + clinopy + bio

plag + orthopy + clinopy + bilo

A high grade metamorphic event, upper amphibolite to
granulite facies is indicated by:

(1) granuloblastic textures typical for the granulite grade,
(2) the general absence of muscovite,

(3) the occurrence of bi-pyroxene gneisses and

(4) the mineral assemblages.

Radiometric dates of gneisses east of Sandstone Outstation
lie on the isochron determined for rocks from Mt. Christie, giving
a minimum age for this métamorphic event of 2417 + 59 Ma
(Rb/Sr, model 3 isochron, initial ratio of 0.7036 + 0.0015,

decay constant 1.42 x 1011

) (Webb, 1977).

The analyses for this rock were regressed with data for
a spécimen of gneissic granite from Fitzgefalds Dam (APm) and
several specimens from TALLARINGA. They were found to produce

an isochron of 2458 + 60 Ma (initial ratio of 0.7014 + 0.0012)
(Webb, and Whitehead, 1977).
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A second metamorphic-evgnt, of lower grade, has been petro-
graphically recorded in a few specimens. Lowder (1973) says of
the porphyroblastic gneiss west of Aurora Tank, “"there 1is
evidence of several periods of metamorphism. The second is
of lower grade than the first but still at least amphibolite
facies since no muscovite is formed from the potash feldspar".
Alteration of the microcline porphyroblasts ié slight, whilst
a little of the biotite has been altered to chlorite and some
of the quartz feldspar and biotite has been recrystallised to
a finer grain size. The gneiss has been dated.at 1539 Ma

0710 yr71 e=0.584 x

(K-Ar biotite; K=0.0119, atom% B=4.72 x 1
10_10 yr'l) and this is considered to date the second metamorphic
event (Webb, 1974).

Granite gneiss froﬁ Wallira No. 1 is thought to have
recrystallised under the amphibolite facies of regional
metamorphism. It has been dated at 1493 + Ma (K-Ar, biotite;
K=0.0119 atoms, B=4.72 x 10710 yr'1, e=0.584 x 10720 yr™hy
and Webb (1970) considered 'the gneiss may have formed at
an earlier time and the younger biotite dates may have been
over printed by some later event...". It has been noted after
re-examination of core from Wallira No. 1 and Wallira No. 2

that the Sr87/Sr86

ratios extrapolate to a value of 0.703 to
0.704 about 2500 Ma ago, thus it has been concluded the basement
here is part of the Mulgathing Complex (Webb, 1977).

Granitic rocks near Surprise Bore, have been extensively.
sheared and have a weak foliation. Radke (1975) states that a
metamorphosed volcanic from here has undergone probable green-
schist metamorphism.’ |

The porphyritic rhyolite at Perfection Well is considered
to be part of the Gawler Range Voicahics. It has not been
subjected to metamdrphism and the emplacement is considered to
mark the consolidation of the Gawler Craton at about 1 500 Ma

(Thomson, 1970).
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STRUCTURAL GEOLOGY

Structural Elements

The layering of banded iron formations and of quartz-
feldspar rich rocks may exhibit a very weak parallel foliation
or pass along strike into a foliation seen in gneisses richer
in weathered silicates and biotite: this is described as a
layer-parallel foliation.

The stereo plot of 78 observations shows a broad spread
about an axis trending northeasterly and plunging 60° (Fig. 2).

Isoclinal folds in banded iron formation at Commonwealth
'Hill exhibit no axial plane foliation or distinct cleavage
but one specimen indicated a weak foliation at an angle to
both fold axis and banding (Whitehead, 1976).

A lineation has been seen in pelitic metasediments at
several widely spaced localities, which has a northeasterly
preferred direction.

The Karari Fault and Karari Fault Zone

A prominent northeast topographic feature on western
COOBER PEDY and on eastern TALLARINGA marks a fault named
by Hall and Townsend (1971) the Karari Fault. The fault,

a prominent photo-lineament, occurs on the southeastern

side of a ridge mantled by silcrete that drapes down slope.
Thus it appears the southern block has been downthrown, at
least during Cainozoic times. This is supported by thickening
of Quaternary sands to the southeast.

The Karari Fault was conéidered part of the east-west
Wallira Fault (Hall and Townsend, 1971) until seismic work
indicated that the major downthrown movement had occurred to
the north (Milton, 1971). The Karari Fault is part of a zone
named the Karari Fault Zone (Finlayson, 1979) which 1is

indicated by parallel aeromagnetic anomalies, by a seismic



TABLE I

Regional Aeromagnetics

Area Spacing Elevation Flown by for on Published
(kilometres) (metres)
1 1.6 N.S. 152 Agl. BMR SADME 1958 1971
2 8 E.W. 456 Bar. Aeroserv. Delhi 1961/62 1971
3 3.2 E.W. 152 Agl. BMR SADME 1966 1971
4 2.4 or 16 608 and Adastra Exoil 1964/65 Env. 527,
N.S. 760 ASL Hunting NL. 549, 1809.
77 7
7 AT
VAR) - 2
AL~
..7__—-»4

B/ L

— =

Regional Gravity

1 6.4 x 6.4 km® - "SADME  SADME  1968/69 1971
] SADME  SADME 1969 1971
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profile and by outcrqpping basement on the northern side.

The amount of vertical displacement across the Karari
Fault Zone west of Dingo Flat Gate on southern TALLARINGA
is of the order of 1000 metres (Milton, 1975) and east of
Wallira West No. 1 is at least 300 metres and more likely- is
much greater (Milton, 1971). |

The Karari Fault Zone extends southwestwards to the
Great Australian Bight and northeastwards to the Peake and
Denison Ranges. Over the Coober Pedy Ridge its presence is
not indicated by bouguer, gravity or aeromagnetic features.
Near the township of Coober Pedy, a number of parallel
drainage lines and silcrete capped ridges suggest its
continuation.

The Wallira Fault

The Wallira Fault marks the junction between two provinces
of highly contrasting magnetic intensity and bouguer gravity
values. The Wallira Fault is at least 50 kilometres long
and may continue along the length of the Coober Pedy Ridge.
The amount of vertical or horizontal displacement is not
known. Unlike the Karari Fault it has no surface expression
thus it probably has not been active in Holocene times.

GEOPHYSICS
Gravity

Gravity surveys were made in 1968-69 at 6.4 kilometres
(four mile) spacings over COOBER PEDY, to help locate targets
for a seismic survey in the search for hydrocarbons (Hall and
Townsend, 1969). During the seismic survey of Milton (1970)
gravity readings were also made at the shot hole locations.
Resulfs of these surveys formed thé basis for the Bouguer

Gravity Anomaly Map of COOBER PEDY (Hall et al., 1971).
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One of ;he most prominent features is.the positive
bouguer gravity belt coincident with the Coober Pedy Ridge
(Fig. 7). Here it is oriented almost east-west but on
BILLA KALINA it trends northwesterly over the Mt. Woods Inlier.
Bouguer gravity values increase toward the east, reaching.values
of almost +40 milligal. Mapping of the Mt. Woods Inlier (Flint
and Benbow, 1977) indicates that banded iron formations and iron-
rich metasediments are in part responsible for this positive
Bouguer gravity belt. |

The other major positive anomalous area (0 to +10 milligal)
occurs in the south and is part of a belt that extends southwestly
to the northwest part of TARCOOLA. It is in this area that the
Archaean banded iron formations of Commonwealth Hill and Mt.
Christie occur.

North of this positive gravity area, values gradually
decline to reach minimum values of -36 to -38 milligal where
troughs, named the Wallira and Lake Phillipson Troughs, confirmed
by drilling (Townsend 1975) have been located. A cross-section
through Wallira No. 2, of basement depth and bouguer gravity
(Fig. 6) indicates that the sediments of these deép troughs
are not the only factor contributing to these low values.

On TALLARINGA, basement outcrops in this -20 to -30 milligal
belt indicating it comprises low density rocks, in particular
acid intrusives and layered and gneissic acid rocks. These
are also responsible for-the observed negative bouguer gravity
values. A small increase in gradient occurs where dense
sediments fill the troughs.

Another feature of note is the steep gradient on the northern
side of the Wallira Trough, which is the position of the

Wallira Fault.
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Aeromagnetics

A number of aeromagnetic surveys have been made over
COOBER PEDY (see Table I). The survey by the BMR in 1958 gives
the most adequate coverage since the flight lines were 1.6 kilo-
metres apart, N-S, with a flight height of 150 m above ground
level. The least satisfactory survey for interpretétion covers
the northeastern quadrant, where flight lines 8 kilometres
apart, were flown 300 metres above ground level. This area
needs to be reflown to enable a better understanding of thié
part of the Coober Pedy Ridge and its continuation on to
BILLA KALINA.

A brief appraisal of the aeromagnetic data has been made,
without reference to the original data, using the aeromagnetic
map of total intensity for COOBER PEDY. This involved delineating
anomalies at the point of inflection and grading them according
to the dominant amplitude range. Anomalies are described as
having good to reasonable linearity or being non-linear. This
interpretation is primarily concerned with the area covered by

the BMR survey.

TABLE II
Zone Type Dominant Amplitude
(gamma)
1 >100
2 100-200 », Non-linear
3 250-500
4 500-1000
5 >1000
6 >50
7 50-100
8 100-200 Linear

9 200-300
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11 | | 500-1000
12 1000-2000
13 2000-5000
14 >5000

The area of interpretation can be divided into seven broad
provinces, each with a characteristic aeromagnetic signature
or pattern (Figs. 3,4).

Province I (aP1l)
/

This is made up of a number of moderate to high intensity
linear anomalies (Zone types 11-13, average 11). Theilr
orientation varies but there is a strong northeast to east
component. This area coincides in part with a regional
gravity high (0 to +10 milligal). The higher intensity
anomalies (Zone type 12-13) are considred to have banded
iron formations as their likely source élthough drilling by
Dampier Mining Company (Env. 3334) indicates diorite is
also responsible in part. A number of lower magnetic intensity
anomalies (Zone type 11) may represent folded basic metasediments
or granulites. |

Province II (aPII)

This is an area of low magnetic infensity with a number of
low to intermediate intensity anomalies (Zone types 7-11).
The regional magnetic intensity diminishes gradually towards
the north. Layered and gneissic acid metasediments aﬁd granitic
intrusives outcrop in this area. There are also minor dis-
continuous banded iron formations.

An almost circular anomaly denoted 11 a, may be a basic
intrusive, six kilometres in diameter and at a depth of approxi-

mately 800 metres. It occurs at the junction of two faults.
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A number of conspicuous narrow northwest low intensity anomalies
(Zone types 7-10) are interpreted to be basic dykes.

Province III (aPIII)

This covers an area of northeast to east-trending high
intensity linear anomalies (Zone types 13-14). It is fault
bounded and separated from Province II by the Wallira Fault.
From the work of Flint and Benbow (1977) the source of the
anomalies is considered to be banded iron formations.

Province IV (aPIV)

This province is one of moderate to low magnetic intensity
with values decreasing to the northwest and north. Considering
the continuity and spacing of contours it is considered to
mark a continuation of the Tallaringa Trough and to be an area
of probable acid metasediments.

A conspicuous linear anomaly of intermediate intensity
(Zone type 9-11) is interpreted to be a basic dyke. It has
been emplaced parallel to the Karari Fault Zone.

A large area, designated IVa, one of low intensity and
of non linearity may mark an acid intrusive.

Province V (aPV)

This is an area of high intensity linear and non-linear
anomalies (Zone types 13 and 4-5) which are likely to have
banded iron formations as their source. It is fault bounded
on its southeastern margin, coincident with a LANDSAT-1 lineament.

Province VI (aPVI)

This is an area of régionally low aeromagnetic intensity
with broad anomalies (Zone types 9-10). It has acid

gneiss and intrusive rocks as likely source rocks.
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Province VII (APVII)

| This is a province of low aeromagnetic intensity with a
number of northeasterly trending low intensity anomalies (Zone
types 9-10). It coincides with a southwesterly continuation of
the Mabel Creek High and is coincident with a positive Bouéuer
~gravity anomaly. It possibly reflects metasediments with basic
horizons.

Seismic Work

During 1969 seismic work wasbextended to the southern
and western parts of the Arckaringa Basin after a hydrocarbon
potential was indicated for the Boorthanna Trough'(Milton, 1969).
Permian coal-bearing sediments were already known from Lake
Phillipson Bore which was drilled for water in 1905 (Ludbrook,
1961). Seismic work begun in 1969 (Milton, 1970), was extended
in 1970 over the Lake Phillipson and Tallaringa Troughs (Milton,
1971).

Dimensions of features delineated (refer to Fig. 5) are:

1. Wallira Trough approx. 50 x 8 kilometres, 1 672 metres

deep at the eastern end, oriented eastwest, offset
approximately 3 kilometres to the north of the regional
gravity low.

2. Lake Phillipson Trough 44 x 6 kilometres, 1 200 metres

deep at the northwest end, oriented northwesterly, in
the centre of a gravity low of -38 milligal.

3. Robin Trough 6 x 1% kilometres, 600 metres deep, oriented

northeasterly, coincides with an area of Bouguer gravity
of 0 to -10 milligal.

4. Long Creek Trough 8 x 5 kilometres, 910 metresbdeep,

oriented ?northwesterly coincident with a Bouguer gravity

low of -28 milligal.
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Coober Pedy Ridge 128 x 25 kilometres, shallowest point

is 30 metres below surface, oriented east-northeast
coincides with a positive Bouguer gravity anomaly
(+20 milligal).

Mabel Creek High oriented northeasterly across the northwest

corner of the sheet, coincident with a positive Bouguer
gravity anomaly on MURLOOCOPPIE.

Shallow Broad Basin oriented ?northeasterly between the

Coober Pedy Ridge and the Mabel Creek High, an extension
of the Tallaringa Trough. The deepest point is greater
than 200 metres below sea level.

Fitzgerald Basement High 29 x 6 kilometres, highest

point is near Fitzgeralds Dam where basement outcrops.

It coincides with a negative Bouguer gravity area (as

low as -18 milligal).

Work by Nelson (1971b) in the search for railway ballast

for the Tarcoola-Alice Springs Railway indicated the easterly
extension of a fault bounded basement high north of Lake
Phillipson Bore. This is named the Fitzgerald Basement High,
which near Fitzgeralds Dam crops out through .Cainozoic and
Cretaceous sediments. The outcrop is granite gneiss

or gneissic granite, covering an area of only a few hundred
square metres. A few short seismic traverses indicate the
basement slopes from 12 metres near Fitzgerald bam to

46 metres (below ground level) 8 kilometres south of

Robin Rise. |

The Wallira and Lake Phillipson Troughs coincide with

an arcuate low gravity belt, between outcropping crystalline

basement to the south and the Coober Pedy Ridge.

The reflection seismograms over the Lake Phillipson

Trough are of good quality and indicate four reflecting horizons.
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They are the top of the Permian, the top of shales in the Lower
Permian Unit i, the top of the Permian Unit 2 and the Precambrian.
In the Lake Phillipson Trough a further reflector has been
observed around 910 metres just above the high speed basement
reflector. It may represent dOlOmlth sediments of the
Observatory Hill Beds which have been intersected in Wallira
West No. 1 (Townsend, 1971).

The results over the Wallira Trough were poorer, with a
lack of correlation between refraction and reflection horizons
because of the narrowness and greater depth of the trough. The
Lake Phillipson Trough is apparently more structurally complex
on its northern and eastern margins and further work was
recommended to clarify this (Milton, 1970).

Seismic refraction profiles were also shot in the
Perfection Well area in the search for railway ballast.
Basement depths ranged from 18.5 metres to over 136 metres
(depth 1imit of equipment used) where a narrow north-south
trough was indicated. A drill hole was placed where the
shallowest basement was indicated and interseeted porphyry
at 20.6 metres. Nelson (1971b) considered porphyry.to be
the major component of the basement based on the refraction
velocities and also the low magnetic intensity. It is a
negative Bouguer gravity area.

A number of short refraction traverses were used to
outline the Coober Pedy Ridge more accurately and indicated
depths ranging from 30 to 106 metres. The drillhole at CPB
7 intersected metamorphised basement of adamellitic composition

at 31.6 metres (Nelson, 1971b).
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DISCUSSION AND CONCLUSIONS
Provinces of COOBER PEDY

The basement of COOBER PEDY may be divided into a number
of provinces, based on a synthesis of geophysics and geology
(Fig. 7).

1. Aeromagnetic province 1 (aPI) is coincident with a
northeasterly trending belt of positive bouguer gravity.

The banded iron formations of Commonwealth Hill outcrop

in this area and these trends can be traced southwest

to include the banded iron formations of Mt. Christie

on TARCOOLA.

The banded iron formation at Mt. Christie, where several

magnetic horizons are indicated (Gerdes, 1975) hae been

interpreted to be part of a '"complex antiform (Gerdes,

1975) with a north-northeasterly trend and northerly

plunge" (Daly, 1978). Associated rock types are quartz+

feldspar+biotite+garnet gneiss and schist and quartz-

feldspar+biotite+garnet+cordierite gneiss (Daly, 1978).
2. A broad area in the southern half of the map sheet has

low bouguer gravity and aeromagnetic intensify (aPII)

both showing a northerly regional decline in value and
reaching their minimum at the Wallira and Lake Phillipson

Troughs.

Acid gneisses, schists and layered rocks outcrop throughout

the central and western parts. Leucocratic gneisses with

low specific gravity and ﬁagnetic susceptibility are
responsible in part for the low Bouguer gravity anomaly
on TALLARINGA (a continuation of the Wallira Gravity

Low) rather than a thick sedimentary cover.
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This sub-province is characterised by two high intensity
aeromagnétic anomalies (aPIIIa) which occur in a negative
Bouguer gravity area midway between the Wallira and Robin
Troughs.

The seismically located Coober Pedy Ridge is cdincideﬁt
with aPIII and a belt of high Bouguer gravity. It can be

traced eastward on to BILLA KALINA where basement crops

out as the Mt. Woods Inlier. On COOBER PEDY only a few

drill holes penetrate basement. Wallira 2 encountered
altered biotite-pyroxene granulite and a coal exploratory
hole of Utah Development Co. encountered biotite+chlorite+
feldspar gneiss or granulite (Env. 2410).

At the Mt. Woods Inlier, banded iron formations, magnetite-
rich granofels, and gabbros having high specific gravity

and magnetic susceptibility are responsible in part for

the high positive aeromagnetic intensity and Bouguer

gravity values.

A northéast to east trending province, regarded in part

as an continuation of the Tallaringa Trough on TALLARINGA

is characterised by low Bouguer gravity coincident with aPIV.
A prominent linear aeromagnetic anomaly parallel the

Karari Fault Zone, may be a basic'dyke.

This sub province, which has non-linear aeromagnetic
character, may be a granitic intrusion or rhyolite extrusion.
aPV coincides with a negative Bouguer gravity area on

the southeastern margin of the Mabel Creek basement high.

The high intensity aeromagnetic features may be banded

iron formations and/or basic dykes.
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6. This is the Mabel Creek High, an area of positive Bouguer
gravity which coincides with aPVI.

7. In this region Gawler Range Volcanics crop out and have
a much greater sub surface extent in the southeastern part
of the map sheet.

8. The Fitzgerald Basement high is regarded by Nelson (1971b)
to have a similar magnetic character to the area around
Perfection Well, i.e. aPVII. Granite gneiss variously
described as granulite and gneissic granite crops out
Fitzgeralds Dam and is thought to be the northwest of
major component of this province. The basement high
coincides with a negative Bouguer gravity belt.

The provinces interpreted on the western margin of COOBER

PEDY are in agreement with the aeromagnetically interpreted

provinces on TALLARINGA (Finlayson, 1979).

Regional Structure

Conspicuous trends in this northern part of the Gawler
Craton are northeast, northwest, east-northeast to east.

The ovérall trend of provinces 1, 4, 5 and 6 is northeast
and aeromagnetically interpreted fold trends have a similar
orientation. This is generally the case fo% the western margin
of the craton on NULLARBOR and FOWLER where Roberts (1975)
described a 'rim zone' bounded by the Karari and Pitumba Faults.
This area he intefpreted to be one of the following:-

a. isoclinally folded and overturned banded iron formations
and basic volcanics (that dip generally towards the
southeast).

b. extensife basic dyke intrusions.

c. high grade mefamorphics.

On COOBER PEDY this model is not applicable, for shallow

basement occurs on the northern side of Karari Fault and further,



21.

the boundary between provinces 2 and 3 for example does not trend
parallel to if. The area between the Karari Fault and the contin-
uation of the Pitumba Fault on COOBER PEDY is one of high grade
metamorphics with banded iron formations in Province 1 and 3.

Strong northeast-striking shears and faults occur in |
the northern part of the craton. Dominant is the Karari Fault
and Karari Fault zone, the Pitumba Fault and to a lesser degree
a lineament which lies on the northeastern margin of province 1.
The latter can be traced to BILLA KALINA where strongly sheared
and recrystallised leucocratic gneisses outcrop which belong to
PE3 of Flint and Benbow (1977). They lie in é negative Bouguer
gravity 'corridor', the continuation of Province 8. They
have been radiometrically dated at 1577 + 192 Ma (Webb, 1977),
which contrasts with a age of 2458 + 60 Ma for the gneisses at
Fitzgeralds Dam.

On the northeastern margin of the Gawler Craton are a number
of northwesterly oriented magnetic dykes (Fig. 8). On COOBER
PEDY they are conspicudus in Province 2 (Fig. 7). Thomson
(1977) considers them to be of Sturtian age.

The Lake Phillipson and Long Creek Troughs have a similar
northwesterly orientation and so too does the boundary between
province 2 and the Mt. Woods Inlier, marked by the Faulkness
Fault (Flint and Benbow, 1977). Movement may have taken place
along these faults in the Holocene as is indicated by lineaments and
drainage.

The other dominant preferfed orientation is east-northeast
to east, shown by the Wallira Trough the Wallira Fault and the
trends within Province 3. ‘

Both the Faulkness and Wallira Faults mark the junctions
between basement of contrasting geophysical properties. They

are normal faults probably initiated at the end of the Kimban
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Orogeny and are features along which epeirogenic movement
has occurred.

The most detailed knowledge of structural geology in the
general area pertains to the Mt. Woods Inlier (Flint and Benbow,
1977). Three deformational phases have been recognised; an
early layer-parallel foliation is overprinted by at least two
deformational events. The stereoplot of 71 1ayer—parélle1
foliation observations at Mt. Woods yields a broad scatter
about a poséible fold axis plunging 25° toward 2500. This
compares with a possible fold axis plunging about 60°
toward 45° for COOBER PEDY (based on 78 broadly spaced more
steeply dipping observations).

Northerly fold axial directions are indicated for the
Mt. Christie area on TARCOOLA (Daly, pers. comm. 1979) whilst
aeromagnetically interpreted banded iron formations in this
region (Province 2 of Gerdes (1975) outline a northeasterly
oriented complex of fold axes (Gerdes, 1975).

Regional Geology

Rocks of similar metamorphic grade and composition outcrop
on TALLARINGA, TARCOOLA and BILLA KALINA. Banded iron formations
at Mt. Christie, which lie in the southwesterly continuation of.
province 1 and those of the Mt. Woods Inlier, have a similar
outcrop appearance. They are thin and discontinuous and
drill core (for Mt. Woods and Mt. Christie)'shows them to be
greenish black and white banded gneisses. Some bands are
almost pure magnetite other have :

qtz + magn + diop + hypersth + amph
which may have-interlaminae of: “micro feld + plag

The amphibole represents retrogressed silicate. Relict

granuloblastic textures have been preserved.
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The leucocratic gneisses of province 2 are a common rock
type on TALLARINGA, the Mt. Woods Inlier (in PE3 of Flint and
Benbow 1977) and around Earea Dam on TARCOOLA for examplé.

They probably reflect a similar metamorphic grade as they are
gneisses comprising qtz + k feld + plag + bio * garn which
may or may not retain relict granuloblastic textureé.
Shearing and recrystallisation is often seen.

For the Mt. Woods Inlier the cordierite-almandine sub-
facies of the granulite facies has been proposed (Flint and
Benbow 1977). Common mineral assemblages are:

qtz + micro + plag + bio + garn + cordier

qtz + micro + plag + cordier + bio + magn

qtz + micro + plag + cordier + sillim + magn
and textures are granoblastic and granuloblastic.

Cordierite is common at Mt. Woods but this does not appear to be
the case on COOBER PEDY.

For the Mt. Christie area common mineral assemblages are:

qtz + micro + plag + bio + garn

qtz + micro + plag + bio + garn + cordier + tr. sillim

Relic granuloblastic textures have been preserved and it
is evident that the metamorphic grade is very similar.

The quartz-microcline-plagioclase-biotite gneisses that
are interlayered with the Mt. Christie banded iron formations
have been dated at 2417 + 59 Ma (Webb, 1976). This 1is
regarded as a minimum age for the granulite grade of metamorph;sm.

The banded iron formations at Mt. Woods have been much more
remobilised and brecciated, having been intruded by diorite,
gabbrp and granite. The metasediments associated with them are
unlike those seen elsewhere, particularly the conspicuous
banded granofels. This suggests they lie in a different strati-

graphic position to those of Mt. Christie and Commonwealth Hill.
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Radiometric ages of the metasediments at Mt. Woods,

Phl 1564 + 97 Ma and Ph3 1577 + 92 Ma (Rb/Sr) (Webb, 1980) are
much younger than the Archaean - Lower Proterozoic dates on
COOBER PEDY, TARCOOLA and TALLARINGA. 1In fact these ages are
even younger than that obtained for the Engenina Adameliité
(1641 + 38 Ma (Rb/Sr)) which whey clearly pre-date.

This is an enigmatic situation with rocks of similar
lithology and metamorphic grade giving such vastly different
ages. Further work is required to understand the apparent
anomaly. In contrast to what is stated in Flint and Benbow
(1977), the rocks of Province 3 and the Mt. Woods Inlier may
be areas strongly remobilised and metamorphosed during late
Kimban times now separatéd by the Faulkness, Wallira and Karari
Faults from areas much less affected.

Summary of Geological History

1. Deposition of sediments that included sandstones, arkoses
and banded iron formations on an Archaean basement in Late
Archaean to Early Proterozoic times.

2. Deformation with tight isoclinal folding having northeast
to east axes. Formation of a layer-parallel foliation.
Metamorphism from low amphibolite to granulite facies
grade dated at 2458 + 60 Ma. Intrusion of syn-to
post orogenic granites equivalent to the Glenloth Granite.
The metasediments and intrusives are referred to by Daly
et al. (1979) as the'Mulgathing Complex.

3. Mulgathing Complex further deformed and retrogressively
metamorphosed during the Kimban Orogeny. Metamorphic
grade reached amphibolite to granulite facies. Intrusion
of the syn-orogenic Engenina Adamellite.

4, Intrusion of the Balta Granite.

5. Extrusion of the Gawler Range'Volcanics marking the

consolidation of the Gawler Craton at about 1 500 Ma.
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?Sturtian intrusion of northwest-trending basic dykes.

Epeirogenic movement during Cambrian times resulting

in formation of the Officer Basin.

Epeirogenic movement during Lower Permian times resulting

in the formation of the Arckaringa Basin. Comparatively

minor epeiorogenic movement has since taken place.
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APPENDICES
Record of Petrography (Refer to 1:250,000 geological

map sheet for location of specimens)



RECORD OF PETROGRAPHY

Coober Pedy 1 000 000 map sheet
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Potassic gneiss

Granite gneiss

Quartz - feldspar granulite

Granite '

Granite ,
Chlorite-quartz-plagioclase cataclasite
Granite gneiss

Layered Granite gneiss

1 000 000 map sheet.

T NN

Rhyolite
Rhyolite
Rhyolite
Rhyolite
Granulite or hydrothermally altered granodiorite

Phillipson 1 000 000 map sheet.
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Feldspar-quartz-biotite gneiss
11" 17 1 121

Granite gneiss

Adamellitic rock

Layered gneiss

Altered biotite schist

Metamorphosed igneous rock

Metavolcanic

Sheared metamorphic

1 000 000 map sheet
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o

b et
RN

b
(TN

Metamorphosed hornfels gabbro
Weathered metasediment
?Granulite

Weathered metamorphic
Banded iron formation
?Granulite

Acid gneiss

Banded iron formation
Acid gneiss

Banded iron formation
Charnockite

Feldspathic granulite
Pyroxene bearing granulite
Felsic granulite
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Pyroxene bearing granulite
Adamellitic gneiss
Foliated Adamellite

1" "

Garnet bearing granulite
1" 1" "

Banded iron formation
Acid gneiss
Acid rock
Acid granulite
Acid gneiss
Metamorphosed acid volcanic
Sheared granite
?Igneous rock
Microgranite
Micaceous gneiss
Gneiss
Dolerite

1t
Gneiss
Quartz-mica schist
Quartz
Adamellite

1 000 000 map sheet

O~NWnWH-

Porphyritic microgranite
Altered pyroxene granulite
1" 1"

"

Metamorphosed adamellite

000 000 map sheet

Altered microgranite
Acid gneiss
Banded gneiss
Metasediment
Acid gneiss
Crushed granitic rock
Acid gneiss

11 1"t

1 1"

Feldspathic, micaceous quartzite
Meta arkose

Garnetiferous metasediment
Potassic granite/pegmatite
Remetamorphosed acid gneiss
Porhyritic granodiorite
Granodiorite '

Kaolinized ?granite
Quartz-feldspar-cordierite granulite
Granitic gneiss

Quartz-muscovite schist

Granitic gneiss
1" 1"

1 ‘ "
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