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Diapir.

Slumping near top of IEnorama Formation in Nuccaleena
Creek,

Slumping near top of Enorama Formation in Nuccaleena
Creek,

Upper unit of Nuccaleena Formation; purple shales.
with interbedded dolomite, Blackfellow Creeks

Banded purple-red sandstone in lower part of Moorillah
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ABSTRACT

Rocks bclonging to the upper part of the
Adelaide System and the overlying Cambrian, outcrop
in the eastern part of the Becltana area in the
Nuccaleena Dome, and form the basement underlying
the more recent sediments to the west. In the
central and western areas they have been block
faulted to form two partly connected basins in
which Tertiary deposits accumulated. These are
now completely masked by Recent sand and scree.
Willouran rocks are exposed in the Beltana Diapir,
and in faults radiating from the centre of the
Nuccaleena Dome. Diapiric movements, during late
Marinoan times, locally influenccd sedimentation.
Syngenetic lead and copper deposits are present
at Ediacara. Elsewhere in the areca copper is
present both ar stratiform and cross-cutting lodes
which may be related to diapirisme

INTRODUCTION

The Beltana 1:63,360 geological map covers an area
of approximately 500 squarc miles extending from the western
edge of the Flinders Ranges to the eastern margin of Lake
Torrens. The township of Beltana after which the map is
named, is situated on the main road from Hawker to Marree, sone
320 miles north of Adelaide and 25 miles south of Leigh
Creek (figs 1)
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The topography of the arca strongly reflects the
geological structure. The hilly country in the cast is formed
by the dissection of the Nuccaleena Dome, The rocks forming
“the Dome belong to the Precambrian Adelaide System, and are
exposed as a series of scarps and low hills arranged in an
arcuate fashion, swinging‘around from southeast to northeast
and running roughly parallel with the main road for some
distance (See Fig. 2). To the east of the road are the scarps
forming the core of the Dome. To the west, Red Range trending
north-south forms the most western extent of the Dome wherc
it has been limited by diapiric and fault movements. North of
Beltana townshilp, the road passes through two milcs of very
broken country formed by the Beltana Diapire. This is bounded
to the north by Mt. Bayley Range, a very prominent southeast
facing scarp, which cxtends from Beltana R.,S. to Puttapa Gap,

three miles north of the map area,

The rather sinuous line formed by the western cdge
of Mount Decéption Range and Red Range is a}fault-scarp
determining the western limit of the hilly country. To the
west, the flat plains and table-lands of the central region
are formed of Quaternary bouldef deposits and Recent flood
and outwash scree, covering flat-lying Tertiary sediments.
These deposits accumulated in a basin created by block faultingé
The down faulted block tilted towards the east, hinging on the :
- north-gouth belt of hills running from Mt. James to Mt.

Michael, which forms the western limit of the central plains.
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The western edge of this range is formed by the Edia-~
cara Fault, which is a major feature in the zone of structural
lineaments bgtween the Stuart Shelf in the west, and the highly
folded part of the Adelalde Geosyncline exposed inthe Flinders
Ranges to the east. The fault forms the eastern structural limit
of the Lake Torrens Sunkland (part of the Torrens-St. Vincent |
Rift) in which Tertiary sediments have accumulated over low=-
dipping Precambrian strata. These Tertiary deposits are now
covered by a flat expanse of sand dunes stretching westwards froh
the Ediacara Fault to the edge of Lake Torrens,

The main drainage channels of the area run westwards or
southwestwards from the Flinders Ranges to Lrke Torrens. From |
south to north these are Blackfellow Creek, Breakfast Time Creek!
Deadman's Creek, Warrioota Creek, Sliding Rock Creek, and Sundown
Creekes All the creeks are dry throughout the year, except for
occasional flash floods.,

The Beltana area is well served by roads and tracks.
The main route north-south is a wide dirt road, well-graded and
kept in good repair. Tracks reach all part os the area and mosp
of them can be used by conventional vehicles; only in the south-
eastern area is a 4-wheel drive vehicle needed.
| The average annual rainfall measured over the last 91
years is 8.16 inches. The land is entirely given over to sheep
farming. The larger portion of the area belongs to the Beltana
Pastoral Company's Beltana Station. Bounding it to the west,
south and east is the Nilpena run, and to the northeast the
Puttapa Station. The land was opened up by pastoralists in the
1850's. Beltana Station formerly consisted of four smaller
properties. These were combined by Thomas Elder in 1867 after
the great drought. .In the early days Zlder bred camels on the
property. Beltana Station was the departure point in 1875 of the |
expedition led by Ernest Giles, which crossed the continent to
Perth. A monument erected at Beltana Station records the

expeditione.
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The township of Beltana was laid out in 1873 on.the line
of the Overland‘Telegraph. Therewas an influx of people from thp
nearby town of Cadnia (now a ghost town) when the Sliding Rock
- Mine closed in 1877 The completion of the rail-link with Port
Augustain 1881 brought impoftance to the town as a centre serving
the local mining and farming communities, and as a railhead for
the dispatch of ore mined in the district, particularly from the
Bdiacara Mining Field 15 miles to the west, (see fig. 8). At the
height of its prosperity the town supported two hotels and a small
brewery., In 1891 the township of Ediacara was built on the Mining
Field to serve the wines. Now scarcely any ruins remain to merk
the sitee

In 1895 the Smith of Dunesk Mission was opened in the
town by the Reverend Robert Mitchell. Until 1933, vhen the
Mission was absorbed by the Australian Inland Mission, the mini-
sters served a large area of the Northern Flinders Ranges. The
most famous of these men was John Flynn whose activities led to
the founding of the Australian Inland Mission in 1912, and cvenr
tually to the setting up of the first Flying Doctor Service at
Cloncurry, Queensland, in 1928. Between 1912 and 1945 a nursing
hostel established by the Australian Inland Mission existed at
Beltana. During the Ministry of the Reverend William Grey (1924~
1928) accommodation for tuberculcsis vietims was provided at the
Manse and in the town.

Beltana township had its heyday between 1880 and 1920
when the mining activity was at its height. Since that time>i?
has steadily declined in importance. In 1956 the new Common- :
wealth Rallway was opened to replace the old narrow gauge.line.
The new line swings to the west of Red Range.and Mount Bayley
Range, bypassing the town, (see fig. 2). The fine old railway
station stood empty for some time but has recently been reopened

by Mr. P.M. Ross, as the local Post Office and General Store{

Footnote:~

The inscription on the cairn built at Beltana H.S. to com-
memorate the Giles expedition of 1875 reads as follows:-

"This cairn commemorates the setting out of the exploring
expedition which left Beltana Station on 6th May 1875, and
after enduring great hardships reached Perth, W.A., on 18th
November 1875. The return journey was made from January to
August 1876. The expedition was financed by the Hon. (Sir)
Thomas Elder and consisted of Brnest Giles (Leader), W.K.
Tietkina, . J. Young, A. Ross, Peter Nicholls, Salch, Jimmy,
and Tom.my"o .
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HISTORY OF INVESTIGATIONS

The area covered by the Beltana 1:63,360 map has not
until now been comnletely surveyed. However, during the past 100
years parts of the area have received a considerable amount of
attention from geologists., Frequent visits have been made by
geologists and mining inspectors to the various mines and mineral
prospects. A particular focus of repeated surveys has been the
silver-lead~copper mineral field at BEdiacara. Interest from a
different aspect was stimulated in this locality by the recent
discovery of rare Precambrian fossils.

The history of investigations revolves mainly around
the examination of mines, and prospecting for new mineral occurr-
ences. Mining probably started around the middle of the last
century and reached its peak of activity during the years 1880 to
1920, Only minor production has been recorded during the last
40 years. None of the mining ventures proved economically re-
warding over any great length of time,

The first geolozist known to have visited the area was
Ulrich in 1872, who examined and reported upon the Beltana Mine
at Bdiacara. He observed, (Ulrich, 1872), the confinement of
minerglization to the zone of contact between underlying sof't
shales (Parachilna Formation) and the overlying limestone (Ajax
Limestone).

Scoular (1882) noted that the flaggy limestone, which
he termed marble, outcropping to the south of Beltana township;
was of sufficient quality to be régarded as a building flagstone.
The rock he described is placed in the Wonoka Formation.

The Government Geologist i{.¥Y.L. Brown visited the
Ediacara Mineral Field in April, 1888 and reported on the Beltana
Broken Hill Mine and the Beltana North Mine. His reports are
contained in the 1890 edition of the'"Record of Mines cf South
Australia which also contains accounts of all known mining
ventures in the Beltana area up to that date.

Krause (1891) examined the Bdiacara Mine for the
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Ediacara Consols Silver Mining Cdmpany. In his report he com-
pared the lcad deposits to those of the Mississippi Valley. This
is the first known suggestion of their origin and it is worthy
of note that this theory was re-affirmed as a result of Nixon's
receﬁt detailed investigations into the Field, (Nixon, 1963b).
Various officers of the South Australian Geological
Survey visited the Bdiacara Mineral Field between 1888 and 1907.
Their findings are summérized by Brown in the 1908 edition of the
"Record of Mines of South Australia.” Brown's summary also con-
tains a précis of the report (Brown, 1892b) on the investigations
which he made in 1892. The sketch map (Brown, 1892a) which
accompanied this report shows the Field to have a basinal
structure with one fault. in the northwest (the Gap Creek Fault),
Brown recognised three groups of rocks:-

1 an upper dolomitic limestone group with flat lying
mineralized breccia zones forming an upper argenti-
ferous lode of galena, lecad carbonate and iron gossan.

2. & middle group of mineralized argillaceous shale and
sandstone up to 60' thick forming the lower lode con-
taining segregations of lead carbonates, gossan, iron.
stone and copper carbonatee

3¢ a lower quartzite groupe.

Brown's groupings correspond very closely to the present forma-
tional divisions of Ajax Limestone, Parachilne Formation and |
Pound Quartzite.

In 1897 a fossil from Ediacara wos identified by
Etheridge as an Archaeocyatha of Cambrian age. This is the
first recorded age determination of the sediments of this area.

The years from 1880 to 1920 were the time of the most
active mining and mineral gearch over the whole of the Beltana
area, Inspectors of Mines visited the area on various occasion.:
during this period to report 'pon the progress of mining,
Detailed accounts of the history and nature of these mines

will be found in the section dealing with mineralization.
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In 1925 R.L, Jack studied the structure of the Beltana
area west of the Ranges to elucidate the hydrological problems of
the northern part of the Pirie-Torrens Basin. He recognized for
the first time (Jack, 1925), that the west facing scarps of Mount
Deception and Red Range, and Ediacara Range with its continuatiop
south to Mt. Michaecl, werc .caused by normal faults downthrowing
to the west.

A revival of interest in the potential cconomic value
of the Edlacara Mineral Field prompted visits by a number of
geologists during the following years. Boundy and Gibson sur-
veyed the area between Gap Cireek and the Warrioota Mine for
Austral Development Ptye. Ltde Their work was summarized by
Gustafson (1938), who considered that a possible duplication of
the southern workings could be found in two places but there wes
little probability of a large low-grade ore-body bheing discovered.

Sczait (1939) mapped the Ediacara arca from Warrioota
Creek to Mt. James. His map shows a profusion éf faults few of
which are now considered td exist and his work is marrcd to some
extent by incorrect correlations of isolatcd outcrops. However,
his observations of thc lithology added valuable knowled@e to the
geology of the areca. Scgnit described in some detail the '
lithology and sedimentary featurcs of the Flinders Range Sand-
stone-Quartzite Scrics (Pouhd GQuartzite), which he considered
indicated a shallow watcr origin. This concept was confirmed by
Sprigg in 1949 on palaecontological cvidence. Segnit correctly:'
placed the Cambriam-Precambrian boundary at the top of the Pound
Quartzite and considered that an crosional brecak or disconformity
existed in places at the base of the Cambrian. The latter
observetion is now discrcdited in this arca. Segnit recognizeq
Brown's middle group as a basal unit of the Cambrian, but did |
not regard it as a‘formatioh or group separate to the overlying
limestones. He described for the first time the presence of

bedded cherts in the Cambrian limestone.
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From 1940 to 1947 the Austral Mining and Smclting
Company and Austral Development Pty. Ltd., subsidiaries of Zinc
Corporation, held special mining leases over the Ediacara area.
During this period the South Australian Mines Depaftment carried
out a programme of investigations, which included the remapping
of the area by Broadhurst. His map (Broadhurst, 1947, 1953)
shows the structure much the same as it is considered to be now,
with only one fault of importance (the Gap Creek Fault). He
named the Transition Beds which Brown had previously noted.
Broadhurst's approach was from an cconomic pdint of view and was
followed, on his recommendation, by a programme of drilling and
geophysical investigationse.

In 1946 Sprigg discovered rare Precambrian fossil jellyw
fish near the top of the Pound Quartzite, southwest of the
Southern Workings at Ediacara, (Sprigg, 1947). Later work by
Sprigg (1949); Sprigg and Mawson, (Sprigg, 1949), Glaessner and
Daily (1959), and Nixon (1963a), extended the knowvn occurrence
of the horizon around all parts of the Bdlacara basinal structu?e
except the west and north, and iﬁcreased the number of identi-
fied faunal elements. The suite has become known as the Ediacara
fauna and includes repiresentatives of the Hydrozoa, Scyphozosa,
Anthozoa, and Annelida. In May, 1958, the southern portion of
the field was declared a fossil rcserve under the auspices of the
Minister of Education and the South Australian Museum. On this
occasion Glaessner prepared a review of the fauna, (Glaessner |
and Daily, 1959 op. cit).

Coats (1961) conducted a brief hydrological survey of
the south-western part of the Beltana areca covered by the E
Nilpena sheep-station.

Thomson (1961a) examined the deposits at Ediacara and
noted the lack of persistence in depth of the orece. Hec suggested
that secondary enrichment of a low grade primary ore horizon
during weathering had played an important'part in'the formation

of the then known ore-bodies.
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The Soﬁth Austiralian Mines Department commenced an
intensive programme of investigations into the mineral deposits
at Bdiacara in 1961 under the suﬁervision of L.G..Nixon. Geo=-
physical and geochemical surveys were carried out concurrently
with a programme of detailed mapping and diamond drilling. The
survey was completed in 1963. A large tonnage of low grade
mineralization was proved. The results of this survey are out-
lined in the section dealing with ore-devosits. The Conzinc
Riotinto  Australia Co. Pty. Ltd. have continued investigations

to the present date.
STRATIGRAPHY

Most of the rocks present in. the Beltana area belong té
the Precambrian Adelalde System of which a total thickness of
20,700 feet is exposed. There is an essentially uninterrupted
succession from the middle Umberatana Group into the Middle Cam?
brian; followed by a long break before the terrestrial and fresé~
water deposits of the Tertiary and Quaternary Periods. Figure F
3 is a diagrammatic preséntation.of the succession; thicknesses-
of formations have been calculated from outcrop widths on aeria;
photographse |

The Adelaide System has been divided into 4 groups
(Thomson et al. 196L4). In order of succession from the base upr
wards these are the Callanna Beds, the Burra Group, the Umbera-?
tana Group, and the Wilpena Groupe The equivalent time terms;
Willouran, Torrensian, Sturtian, and Marinoan are discussed in
the same paper. In the Beltana area threé of these groups are
representedes Rocks ascribed to the Callanna Beds_(Willouran.age)
are diapirically emplaced in the Beltana Diapir and will be des-—
cribed in the section dealing with diapirism, The Burra Group
and the lower part of the Umberatana Group are not seenes The

upper part of the Umberatana Group and Wilpena Group are well
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. exposed.® These rocks are mainly of Marinoam age. The exact
placing of the boundary between the underlying Sturtian and the
Marinoen is not certaine In the Beltana area it is perhaps best
taken at the base of the Etina Formatione

Only the lower part of the overlying Cambrian is: pres—
ent and attains its best development in the Edlacara Range. Minor
outcrops of Tertiary duricrust and Quaternary limestone and gravel

beds occur particulafly in the central and western areas,

The Adelaide System

Umberatana Group

Only the upper part of the Umberatana Group is present
in: the Beltana areas The succession is exposed in the core of the
Nuccaleena Dome in the south east (Fige 6)e |

The lowest beds belong to the Tapley Hill Formation of
which the upper 3,500 feet are exposed between Blackfellow and
Nuccaleena Creeks, where it forms low undulating country cut by |
many minor stream channels. The formation consists of well-
bedded brown weathering, fairly coarse-grained siltstone charae-
terized by fine, straight laminations. The siltstones are occas-—
ionally cross~beddeds A 6 inch thick, bluish-grey silty dolomite
occurring near the top of the formation may be the equi&alent of
the Wackerawirra Dolomife mapped'to the south by Dalgarno and .
Johnson (196La)e

The uppermost beds of the Tapley Hill siltstones are ‘
notably coarser-grained and contain at least one horizon of soft,
red=-weathering sandy siltstone and are considered to be the lathw
al equivalent of the Yankaninna Formation of the Northern Flinders
(Coats in Thomson ete ai. 196L ) The uppermost bed is a medium-
grained quartzite.

# Pigure L4 is a simplified geological map of the Beltana

1:63,360 area to which reference should be made throughout
this section.
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The Tapley Hill Formation passes upwards into a thick
sequence of well~bedded sandy dolomite (1900 feet thick) regarded
as the basal unit of the Etina Formation. The transition from
the siltstone of the Tapley Hill Formation is a rapid one, with
a few thin, gritty dolomites interbedded with siltstones at the
basaees The boundafy is placed at the first dolomite, The unit
forms a southeast trending belt of very rugged country with a
thieck covering of mulga, south of Greenwell Diapir. Above the
basal transition beds the formation is composed of massive yellow—
brown weathering, rather sandy dolomite (P245/66)% with occasional
lenses of coarse-—grained red siltstones. Some beds are particu-—
larly sandy containing up to 25% of poorly rounded quartz grains’
in a matrix of slightly oolitic primary dolomite (P2L6/66).

The thick dolomite passes up into massively outecropping,
brown and grey-green weathering, bluish~-grey sandy siltstone
(P2uy7/66) with a slight sﬁggestion of fine laminations, which
together with the overlying similar medium gbey siltstones (PZMS('
66) forms the upper part of the BEtina Formation. This unit is.
distinguished from the overlying‘EnOrama Formation on grain size'
and the presence of three thin dolomite bands. The lowest of
these is very gritty with a brecciola texture in placese. The
upper two bands are smooth reddish-brown weathering dolomites
(P2L9/66) separated by soft reddish-weathering coarse-grained
. 8l1ltstonee The massive flat-lylng siltstones outcropping north
of Greenwell Diapir are placed in the upper unit of the Etina
Formationms Here several bands of dolomite are interbedded with
the siltstones The lowest dolomite is notably sandy to the extqntz
of passing along strike into lenses of massive quartzitee |

The total thickness of the Etina Formation is 3170 feet.

The top of the Epina Formation is definéd by the base of

a thin bed of purple siltstone which forms the basal unit of the

# The numbers in brackets refer to descriptions of thin sections
of samples by I. F. Scott, contained in Appendix I, Loca-
tions of samples are shown in figures L4 and 6.
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Enoféma Formations The siltstonelis overlain by 800 feet of
| thinly bedded light green weathering, grey=-green silty shales
(P250/66) passing upwards into drab grey shale. Slumping occurs
near the top of the formation in: Nuccaleena Creek, (photos 1 and
2)e The siltstone/shale sequence of the upper part of the Umber-

atana Group is completed by the Trezona Formation. This forma-—

tion is composed of 280 feet of grey calcareous shale but distin-
guished by several Interbedded bands of flake-breccia dolomite
(P251/66)s The Trezona Formation is exposed benecath the Elatina
Formation around the western and southern: parts of the faulted
Nuccaleena Dome. Around the northern part of the dome the Trez-
ona Formatiom is absent, the dolomite bands progressively lensing
out northwards, The best exposure for examination of the Forma-;
tion is the section along the north side of Blackfellow Crecks
The sequence of the Umberatana Group is completed by
the Elatina Formatiome This is the equivalent of the Marinoan:
ti11lite (Yerelina Formation; Pepuarta Tillite), seen elsewhere
in theAFlindérs Ranges, However, ln the Beltana area it is not
of immediate glacial origine The Formation here consists of a
pink to reddish coarse grained, well-sorted sandstone (P252/66).
The coarse fraction is composed mainly of well-rounded granules
of quartz, but with a notable scattering of distinctive granuleg
of ned chert. The chert is a feature which can be recognized in
other areas of the Northern Flinders Ranges where this facies of
the Marinoan glacisl occurse. Sparse pebbles (up to 3" diameterz
were found in the sandstone. Dalgarno and Johnson (1964b) haﬁe:
recorded, from Brachina Creek, glacial striated pebbles from a
thin red mudstone at the top of the Elatina Formation. This has
not been located in the Beltana areas |
Thus the upper part of the Umberatana Group in the
Beltana area 1s essentially a'shale—siltstone sequence with only
one major carbonate phase (the lower unit of the Etina Formation)

and minor interbedded carbonates, and is completed by a sandstone,



Plate 1—Slumping near top of Enorama Formation in Nuccaleena
Creek.

Plate 2—Slumping near top of Enorama Formation at above
locality.

Plate 3—Upper unit of Nuccaleena Formation; purple shales with
interbedded dolomite (white bands). Black-fellow
Creek.
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Wilpena Group

The Wilpena Group (Upper Marinoan) conforms closely to

the description of the type areas by Dalgarno and Johnsom(im

Thomson et ale 1964)s There is evidence within this group in
the Beltana area of local tectonic instability related probably
to diapirism, and of a change in thickness towards the western
margin of the geosyncline.

The Wilpena Group is exposed over much of the eastern.
half of the map area on the flanks of the Nuccaleena Dome (see
Fige L4)e Part of the Group is repeated to the north of the Bel-
tana Diapir by the faulting associated with that structure. The
upper two formations of the group -~ the Wonoka Formatlion and the
Pound Quartzite-are exposed in the isolated north~south hill mass;
of the Ediacara Range and its continuation southwards to Mount
Michael.

The -lowest formation of the group is the Nuccaleena
Formation, which is exposed in the south-eastern part of the aréa.
The Formation lies conformably upon the Elatina Formation, in tﬁe
faulted rim of the Nuccaleena Dome, Elsewhere in the Flinders 5
Ranges the Nuccaleena Formation consists of an unnamed basal .
dolomite overlain by purple shales with interbedded thin dolo-
mites, Here the basal unit is well exposed, forming a prominént
scarps It consists of well bedded, cream weathering, pink doloé
mite with a blocky appearances The overlying purple shales Witﬁ
interbedded thin dolomites are very pooriy exposed because of
scree coveringe They can be seen in creek sections on the nortﬁ—
west and north~eastern parts of the dome, and along the southerg
bank of Blackfellow Creek (plate 3)s The total thickness of the
Formation is 120", Overlying the Nuccaleena Formation are 300°!
of red siltstones. These are excluded from the Nuccalecena Forma=—
tion by definition (Dalgarno & Johnson, in Thomson et- ale 196L4)

and are here regarded as the basal unit of the Brachina Formatione
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The Brachina Formation is exposed over a large area
east of the Hawker-Ileigh Creek road, and ﬁorth of Beltana Diapir
(FPige 4)s It is possible to divide the Formation into three
members and new names are proposed for these. The type section
is along Bitter Springs Creek fromr300 57' 30"s; 138° 25f SG”E;
to 30° 57% 16"s;  138° 27' 24"E,

Moolooloo Siltstone Member. The lowest member of the
formation conformably overlies the Nuccaleena Formation. The
300 feet of basal red siltstones are overlain by 1,700 feet of
well bedded, unéanded drad olive green micaceous siltstones
(P253/66) with very fine gcale cross bedding seen in hand-speci=
mene Slumping occurs at the base of the green shales near Walt;A

¢
t

er's Well. The uppermost siltstones are ripple-marked,

Moorillah Siltstone Member, 1,340 feet thicke The
basal units of this Member form the prominent scarp south of B
Mocrillah H.S. Whlch, in the vicinity of Temple Bar Spring, sw1n~
ge southwards towards the faulted area around Blackfellow Creek?
The basal unit in the type-section is a buff coloured, fine- 3
grained sandstone 30 feet thick (P254/60)s On the right bank
of Bitter Springs Creek the sandstone is interbedded with thin
shales. To the north a local lense of conglomerate occurs within
the sandstones Northeastwards from Temple Bar Spring, the buff
sandstone lenses out into the overlying fine-grained, purple-red
sandstone (P255/663 P256/66; plate 4) which becomes the main
scarp#former.

In the upfaulted area north of the Beltana Diapir the
basal buff-coloured sandstone again outcrops. On the western.
side of the main road, where the basal unit is in contact with
the northern edge of the diapir, a thick lense of conglomérate
replaces the sandstonee _
| The bulk of the Moorillah Member consists of massive,
coarse grained, défk purple to purplish red siltstone sometimes
unbanded, though usually with strong prominent banding (pands %"

thick)e In the lower part of the succession in the type locality,



Plate 4—Banded purple-red sandstone in lower part of Moorillah
Member of Brachina Formation. near Temple Bar
Spring.

Plate 5—Slump disconformity between Bunyeroo Formation and
overlying Wonoka limestones on west side of road.
24 miles south of Beltana township.
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Beds of this siltstone altermate with softer, finely laminated
grey and purple siltstone, In the uppermost parts,_thin quart-
zite bands are presente North of the Beltana Diapir the litholos
gy above the basal sandstone is similar, although there is a ‘
predominahce of unbanded siltstones, Two thin beds of conglomer—
ate in the middle part of the succession may be related to peri—i
.ods of erosion of the diapir. The upper part of the middle unit:
here contains a number of thin beds of guartzite with heavy minegm
al bands. ' |

Bayley Range Siltstone Member, 8L0' thicke, The upper
member is.- lithologically similar to the lower member. Drab
olive green siltstones (P257/66) predominate, with occasional.
interbeds of hard, grey weathering fine-grained arkosee.

The Brachina Formation is overlain by ihe'ABC Range
Quartzite. South of Beltana this Quartzite forms the range of
low hills seen: to the east of the road, runming parallel for
some distance and then c&rving away northesstwards as a promin~§
ent séarp south of Puttapa H.S. Repeated to the north of Bel-
tana Digpir by faulting, it forms Mount Bayley Range, through
which the Hawker =~ Leigh Creek Road passes at Puttapa Gap 7 milgs
north of Beltana townshipe The A.B.C. formation consists of a ;
basal, clean white orthoquartzite, the main scarp~former, over—
lain by medium grained heavy'mineral banded feldspathic sandstopes
and drab siltstones. At the top of the formation ripple-marked:
guartzites are overlain by a few feet of purple siltstone, and
gfeen shalee The main quartzite (P258/66) is rather flaggy in
places, generally well-bedded, and occasionally ripple-marked
and heavy-mineral banded. Good cross bedding is present at
Trebilcock’s Gape South of Puttapa H.S. a lens of purple silt-
stone occurs in the middle of the quartzite. There is a general
reduction in thickness of the unit from 550' in Mount Bayley
Range to less than 300' south of Blackfellow Crecke
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The Bunyeroo Formatiom overlying the A.B.C. Quartzite
forms characteristic low=~lying rcd shale country, either as solid
outcrop or a covering of small taluse The formation. consists of
well-bedded, thinly-laminated dark red shale (P259/66). Towards
the top, in the section east of Red Range, thin bands of yellow;.
weathering dolomite dre interbedded with the sheles Bands of-
grey—-green shale are a notabile feature of the Formation. The
Hawker - Leligh Creek road crosses one such band in the middle of
the F ormatione The grey-green shales are occasionally cuprifer-
ous (P260/66). East of the main road a narrow green shale band
carrying copper stalning on shale;partings has been worked as: an
ore-body at Walter's Copper Minee

There is a considerable variation in the lithology ofg
the lower part of the Bunyeroo Formation in: the areas east of Rgd
Range and northwest of Mte. Bayley Rangee. The lower part of the?
Formation east of Red Range is largely covered by superficial
deposits. However, it is exposed in the locality of Blackfellow
Creek where it is seen to consist entirely of red shale with no:
grey-greern: shale bands. This is strongly contrasted with the -
lower part of the formation in the Mt, Deceptiom - Mt., Bayley
Range sectione Around the southern end of the Mte. Deception
Range, the lower part of the formation is composed of red shale
with two thin bands of grey-greem shale carrying copper staining
on partings. These have been pfosPected on a small scale at thg
Caines Lease workings north of Teatree Well., However, from this
locality squtheastWards ta Mount Bayley Range, there is a rapidé
facies chahge to thik grey-—-green shales with a few prominent |
iﬁterbedded dolomite bands and only minor red éhales. The presf
ence of two small diapirs om the northern side of this raﬁge
suggest local diapiric movement may have played a part in con-
trolling sedimentation here. The dolomite bands are best
devcloped in the wicinity of these diapirs and lens out to the
southwest and nbrtheast.along strike. Near Trebilcock's Gap a

local conglomerate is present at the base of the Formation.
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Mawson (Mawson and Segnit, 1949) examined the red shale
facies of the Bunyeroo Formation near Mt. Deception H.S. 5 miles.
north of Teaﬁree Well., His description of a thin section of the:
shale is reprinted below:-

"The microscope slide reveals that it is principally
composed of grains oquuartz, altered particles of feldspar andA
minute flecks of mica. The quartz grains are clear and freguently
very angular; they tend to be concentrated in the lighter bands
of the shale. The mica is clear and colourless in tiny flakes so
thin as to give only red and yellow interference colours. The '
feldspars have evidently been largely decomposed to a featurelesé
matrix, poséibly mainly composed of the kaolinite group of minerail.
It is this matrix that is stained purplish~brown by the feriric
oxide content of the shale, thus imparting that colour to the
rock as a whole. Calcite is distinguishable, distributed through--
out in irregular grains. It is sufficiently abundant to link up
with the 5% of carbon-dioxide found to be contained in the rock.
Also there is present a small amount of chlorite, haematite,.
and a highly refracting mineral, possibly zircon".

The chemical composition of the shale is given as

follows (Mawson and Segnit, 1949, op. cit.):-

$10, 58430 HpO+ 2.56
Ti0, 15064 Ho0- 0.30
A1,05 P505 0.16
Pe 03 C4a9h MnO 0.10
FeO 2.80 Bao 0.10
MgO 3487 Guo 0,02
Ca0 Lo 31 c1 0.01
Nao0 1,81 5 (Sulphide) 0.02

100,24
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Mawson and Segnit considered that the shale represents
‘loessal material deposited under shallow-water terrestrial con-
ditionse. It may be noted here that at two places in the Beltana
area mud cracks are present within the shales On the western side
of the main road 6 miles south of Beltana township, opposite the
0ld railway huts, mud cracks occur in the rcd shales of the upper
part of the Formationes Themu’. cracks are associated with
structures interpreted as minor slump structures, and with small
scale cross bedding, and are immediately overlain by red shales
with flute casts. Similar associations are seen in the shales
.a few hundred yards south of Teatrec Vell.

South of Beltana there is a local sedimentary dis-
cordance (plate 5), marked by a slump brecciola (plate 7) at the
upper boundary of the Bunyeroo Formation. This 1s belicved to
have been caused by local slumping of semi-consolidated sedimenﬁs
during the deposition of the early Wonoka. Local instability méy
have been produced by movements of the Beltana Diapir, éinée away
from the immediate area of diapiric influence sedimentation Was?
undisturbed. Coats (196lLa) has recorded similar large-scale
8lumping of sediments from this horizon elsewhere in the Northeyn
Flinders RangesSe

The brecciola passes southwards along strike into a
dolomite, 3 feet thick, lying conformably on the upper shales of
the Bunyeroo Formatione In the vicinity of Blackfellow Creck tﬁe
boundary is also conformable, there being a progreésive increcase
in‘carbonate bands into the Wonoka Formation. ‘

The Wonoka Formation outcrops over a large area south
of the Beltana Diapir, and as a north-south trending belt of hills
continuing southwards from the Ediacara Range, (fige L)e ‘The
Formation is composed of interbedded flaggy blue-grey siltstones
and limestones (P261/60). A common feature of the lithology is
the oceurrence of siltstone-limestone brecciolas, (plate 7),
representing local slumping of semi-consolidated sediment. There
is a noteworthy increase in these brecciolas towards the Beltana
Diapir, suggesting that this structure was a focus of instsbility

during upper Marinoan times.



Plate 6—Slumping in Wonoka Formation near Beltana township.

Plate 7—Brecciola in Wonoka Formation associated with major
slump disconformity (Plate 5)

Plate 8—Upturning of beds against joints due to weathering.
Wonoka Formation, 4 mile south of Beltana township.
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A cross-section through a particularly fine example
of slumping can be seen inAWarrioota Creek on the southérn edge
of Beltana township, where the track from Moorillah H.S. crosses
the creek. In the lower part of the cliff, forming the southern
bank of the creek at this point, the beds are fragmented, with
disordientation of the fragﬁents and clear examples of slump~rolls
(plate 6)e The slumped material is overlain by a brecciola with
flat-lying parallel elecments formed by fragmcnted, semi-con=-
solddatod material settling under the more pecaccful conditions
following thc slumpinge.

In two localities flutc-casts occur in thc siltstoncs.,
At the locelity mentioned in the previous paragraph, long flute-
calbs suggest a current direction from the northwest. Flute-casts
occurring in the siltstones in Warrioota Creck, south of Ediacara,
suggest a current direction from thc west or south-weste

A feature of the Wonoka Formation where it outcrops with
a shallow dip on comparatively flat ground, is thc arcuate outcﬁoy
which it formé. The outcrop, of fhe appearance of a series of |
interfering saucere, of'ten masks the direction and degree of thé
true dip. This phenomenon is cxplained by the swelling of the {
upper beds during weathering (due to cxpansion of clay minerals),
with an upwards compensating movcment against major joint :
fractures. A cross-section clearly demonstrating this action
can be sceen in the old railway cutting on the southern cdge of -
Beltana township (plate 8).

Pound Quartzite. The uppermost formation of the
Adelaide System was named the Pormd Quartzite by Mawson (1938).
In the Beltana area the formation is exposed in five widely
separated loecalities; in the west around Mount Michael, and on
the southern, eastern ahd northern flanks of thec Ediacaora Range;
Red Range in the centre of the area; on east-west trending range
north of Puttapa H.S.; and a south-itrending range in the south-

eastern corner of the areca.
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Although for purposes of regional correlation, the
Pound Quartzite hes been divided into two members, a more meaningr
ful three-fold division can be recognized in the Beltana area.
This division has been adopted for the pfesent study, although
the two~fold division is shown on the published mape.

1. Upper Hember - massive to flaggy white orthoquartzite.

2., Middle member - buff to red~brown weathering white feldr
spathic sandstones and siltstones With.occasional bandé
of white orthoquartzite.

3« Lower nember - red beds consisting of red siltstones,
flaggy red sandstoncs and massive cross-bedded red
sandstones.

.The lower and middle members correspond to the Lower
Member shown on the published Beltona 1:63,360 geological mape.
The thickness of the formation varies betwecn 860 feet at
Ediacara, 1,350 feet iﬂ Mount Michsaecl range and in the southeast,
and 3,000 feet in Red Range and in the northeast. There is
however a remarkable similarity in the litholcgical profile
throughout the arca. Three sections are given below for com-

parison:-



RED RANGE
2970

570' massive to flaggy

’ white orthoquart-
zite.

hard, flaggy quartz-

ite weathering red-

60!

NORTH OF PUTTAPA H.S.
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RANDELL'S LOOKOUT
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R
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ing and ripple-
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A similar lithological profile is present in Mt.
Michael rahge, but is less easily recognized in the low range
in the southecast.

Segnit (1939) noted thc shallow-watcer character of the
sediments at Ediacara. Cross-bedding, rippie-marks and mud-
pellets arc common features throughout the succession in the
southern part of the Ediacéra Range. North of Mount James and in
Mount Michael range, shallow-water features arec still common
although there is an increase in the thickness of the formation.

Shallow-water conditions werc obviously widespread over
the whole of the Beltana arca during the deposition of the lowest
member of the Pound Juartzite. At Red Range «nd in the range
north of Puttapa H.S. where the formation reaches its greatest
development, ripple-marks and cross-bedding are well~developed
in the lowest member. Indeed, along thec northern part of Red
Range there is a thin basal conglomerate. Here conditions of
sedimentation may have been locally modified by positive move- '
ments of the Beltana Diapir, although the clements forming the :
conglomerate cannot be definiteiy identified as having come fro?
the Diapir. Generally the lower boundary of the Pound formatio%
intertongues with the Wonoka scdiments. -

Features indicating shallow-water conditions are 1lcss
common in the middle and upper members. It is clear that deceper
water conditions prevailed over the eastern half of the arca
during these times, while a near-shore environment persisted in
the west.

Ediacara Fossil IHorizon. Intercst has centered on the Pound

Quartzite in the EZdiacara Range because of the discovery there in
1946, by R.C. Sprigg, of a horizon of fossils near the top of

the formation (Sprigg 1947). The horizon contains a rich fauna.
of soft bodied Meduéae, Anthosca and ‘nnelida of Late Precambrian

age.
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Sprigg's original discovery was 300 yards southwest of
the Southern VWorkings. The known fossil occurrcnce was extendedi
along strike during the next fow vears by Sprigg and Mawson
(Sprigg1949). In May, 1958, the southern part of the Ediacara
Range was proclaimed a fossil reserve under the control of the
Minister of Education end the authorities of the South Australian
Museum. Glaessner and Daily (1959) furthef extended the fossili;
ferous horizon and produced a sketch map of its known extent. |
Nixon (1963a) made further additions in the southwest and easterq
flanks of the basin. .

The fossil horizon occurs 100 feet below the top of thé
Pound Quartzite. It has been described as a flaggy, white, orthd»
gquartzitic sandstone weathering to a rusty red colour. The
weathering of thin argillaceous partings produces flags 2" thick.
Crossbedding and ripplemarks are common and slumping occurs near
its base. The fossil impressions and casts occur almost entirely
on the underside of the flags. Nixon (1963a, op. cit, has obser&—
ed that the distribution of fauna is unzven throughout the
horizon, there being distinct concentrations along the strike
with one fossil type sometimes being the dominant member of theg
concentration.

The Ediacara fauna consists of coelenterates, annelidé
and two new types of invertebrates. It was originally describeé
by Sprigg (1947; 1949), and has been reviewed and added to more
recently by Glaessncr (1958; 1959; in Glaessner and Daily 1959;
1960; 1962). The interesﬁed rcader is referred to these papers.
The Coelenterata is represented by scyphozoan and hydrozoan

medusoids of which the most common are Fsceudorhizostomites,

Cyclomedusa, Spriggia and ?Protolyella; and by the anthozoan

octocorals Ranges and rare specimens of Pteridinium and Charnia.

The phylum Annelida is represented by Spriggina and Dickinsonia.

T™wo fossils, Parvancorina and Tribrachidium are ascribed to new

phyla. Glaessner (196C, 1962 ov. cit) has exprcssed some doubt

concerning the classification of the medusoid fossilse.
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Glaessner has given a late Precambrian age to the faung
and has noted affinities with fauna of this age from the Nama Sy;m
tem of South Africa and the Charnian of Englana.

In 1964 R.B. Major¥ discovered a second location of
?Ediacara-type fossils on the western side of Red Range, a short
distance southeast of Range Range Bore. Here faint impressions
of soft bodied invertebrates, apparently similar to those preserv--
ed at Ediacara are found in light grey, very flaggy, fine—grainea
sandstonc. Only one fossil locality is known here and it proved’
impossible to follow the horizon for any great distance to the
north or south. No description of these fossils has been pub-
lished to date. It is wofthy of note that here the fossil

horizon is 600' below the base of the Cambriane

The Cambrian System

In the Cambrian there was a return to a fully marine
environment following the terrestrial and deltaic conditions of.
the upper Marinoan. The transitional beds of the Par:-chilna
Formation give way to the thick marine carbonatec sequence 6f the
Ajax Limestone. Only the lower part of the Cambrian is present
in the Belfana area. It is not known whether the upper part of
the sequence wes deposited and has been subsequently removed bé
erosion.

The transition from the deltgic conditions of the upper

Proterozoic is represented by the beds of the Parachilng Formatiq

which conformably overlie the Pornd Juartzite in the five locaiiw
ties noted previously. However, only the scctions at Red Rangg
and Edlacara are well-exposed over any great distance. The baée
of the Formation is marked everywhere by a bed of argillaceous
sandstone with tubular worm burrows at right angles to the beddin.
These were first reported by Mawson in 1938 and have been studied
over a large area. of the Northern Flinders by Dalgarno (1962).

Their usec as a marker bed for the basec of the Cambrian was

%#B,Sc. Honours Thesis, University of Adelaide. (unpublished;.
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appreciated by Nixon during his mapping of the Ediacara Mincral
Field;, and this observation is confirmcd from all parts of the
Beltana areca. The worm burrow bed is 20-25' thick and is over-
lain at Red Range by sandy shale and argillaceous sandstonce. Th§
profile described by Nixon (1962) from Bdiacara is thicker, :
averaging 50' and contains interbedded dolomite lenses. 30' of
sandstone and shale with 10' of worm-burrow beds at the base were
recorded from the Mines Department drill-hole E24 in the centre
of the Ediacara basin, (sce fig. 9).

| The Parachilna Formation is overlain conformably by th@
Cambrian dolomitic limestones. The carbonate sequence of the -
Cambrian in the Beltana areca is Peferred to the Ajax Limestone.
This follows the practice adopted by Nixon for the Ediacara arca.
To my Xxnowledge no detailed palaegntological work has been done
on the Cambrian of this area to determine its cxact stratigraphica..
position, and the naming of the carbonate seguence has been
determined by drawing analogy to the limestones of the ncarby
Mount Scott area (Parkin et al, 1952)} which furnished the type
arca for Daily's redefinition of the Ajax Limestone (Daily 1957).

In the Bdiacara Basin Nixon (1963b) recognised a three-

fold division of the Ajax Limestone into a lower cross-bedded
sandy dolomitic unit, a middle unit of algal dolomites, and an
upper unit of cherty dolomites with Archaeocyatha, (see fige 9)s
The lowest uﬂit is present only inthe north and south of the basin
lensing out towards the centre into the overlying algal dolomiges'
This was interpreted as indicéting shore~line conditions in thé
north and south with a trough wccupying the central arcas. The;
sandy dolomites are crossbedded and interbcdded with fine—graiqed
gréy or greenish-grey dolomites which arc frequently brecciateé
and mineralised e.g. at Greenwoods Lodec. ‘The overlying algal
beds consist of pale-grey laminated dolomites with interbedded
lenses and beds of massive dark grcy dolomitces. Large Ceollenia-
type algae over five feet.in diametcr cccur in this seqﬁencc.

Northwards the algal facies changes along strike into oolitic
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dolomites. The uppermost unit, the Archacocyatha dolomite, is a
massive, crystalline light and dark grey dolomite with nodular
and bedded chert and common Archacocyathas The total thickness
of Cambrian at Ediacara is 1000'.

The basal unit of the carbonate scquence in Red Range
is an oolitic dolomite (P265/66). Dolomitic oolites are set in
a matrix of primary dolomite. Calcite has partly replaced the
dolomite of the oolite~structurcs in prefercnce to the matrix.
The sequence above this basal unit is perhaps besf regarded as a
dolomitic limestone (P266/66; P267/66) although the composition
of the carbonate seems to be very variable.

Above the carbonate sequence of the Cambrian there is
a long break in the geological succession until the terrestrial
deposits of the Tertiary Pcriod. Thé inter7ening Systems arc not

represented in thec Beltana area.

Tertiary

There are remnants throughout the area of a formerly
widespread Tertiary capping of duricrust. Whether this formation
covered the whole arca westwards from the foothills of thé
Flinders Ranges as a continuous sheet cannot be détermined, but
it is assumed to have done so. All fhat noﬁ remains are isolated
outcrops of silcrete and laterite and the evidence in a few
placcs of silicification of the older rocks. The duricrust un-
conformably overlics the Cambrian and Prccambrian rocks, and is
overlain by gastropod limestone cor by Pleistocene gravel beds.
The relation between the laterite and silcrete within the duri-
crusf profile is at present a matter of some contrcversy. The
evidence from the Beltana area is not sufficiently clear to‘
determine even the local relationshipe

Laterite and silcrete occur as isolated outcrops in
widely separate localities. The silcrete is best exposed as a
long narrow outcrop along the wcstern edge of Red Range, where it

is massive, grey, with white rounded quartz "concretions". The
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silerete here is underlain by silicified (or duricrusted) quartz-
ites of the Pound Quartzite. Coats (pers. com,) recorded a dip
of 300 to the west on this outcrop, sﬁggesting late or post-
Tertiary faulting on the western side. A second good exposure
occurs three-quarters of a mile southeast of Randell's Iookout
where it is overlain by Pleistocene gravel bcds.

From the western .side of Ediacara, Nixon (1963b),
recorded a laterite profile dipping scuth to southwest at BO-MOO,
with an upper ferruginized zone, a central mottled zone, and a
lower pallid zone. West of Mount Michael range, laterite with
well-rounded quartz pebbles dips 50 to the weste The pallid and
mettled zones are not well developed., The laterite here is ovorf
lain by basal gypseous clays of the Nilpena Limestone. A long
narrow strip of duricrust runs north-south near Pigeon Bore to
the western edge of Mte. Michael Pange. Jack (1925) recorded a
rock type identifiable as silcrete from a depth of 92' in Pigeon
Bore. This suggests a post-Tertiary movement of 100' :n the
Ediacara Fault.

Pre~Tertiary or early-Tertiary block-faulting along the
lines of the Ediacara and Mt. Deception Faults, created two
partly connected basins'in which were accumulatecd early Tertiary
(i.es pre-duricrust) sedimentss The subsidence of the Beltana :
sub~basin was probably greatest in the east, with hinging along
the line of present hills formed by the fHdiacara Range and 1its
continuation southwards to Mount Michael, producing a half-grabcn
(see section B-B', fige 5)« This acted as a partial barricr to
the westward movement of sediment. West of the hinge-line,
subsidence along the Ediacara fault formed the Lake Torrens
‘Sunkland in which a greater thickngss of pre-duricrust scdiment
accunulatede.

These sediments can nowhere be seen at the surfacee.
However, the logs of bores rccorded by R.L. Jack (1925 ope. cites)
give an indication of the lithology. The log of Nursery Well

and bore (formerly called Millya Millyana) is reproduced *.zlow:
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Shaft - 1 - 16' Dry sand and stones.
16 - 38' Conglomerated stones.
38 = 58' Red clay.
58 - 61 White sandy clay.
61 - 70'  Yellow clays

Bore® - 63 - 150 Red and white claye.

150

18L Bluc-claye.
184 - 250 Sof't blue rock.

The brofile from 38 to 184ft. is probably‘early Tertiary.

Three miles west of Mount Michacl, the log of the
disused West Paddock Bore records 515 fcet of similar clays
overlying bedrock, the lower LOO fcet probably being pre-duri-
crust. These sediments may be safely correlated with those
recorded in Lake Torrens stratigraphic bore 34, 19 miles south

of West Paddock Bore.

uaternar

Pleistocene

Alon& the line of low hills formed by the Wonoka and
Pound Quartzite formations stretching from Randecll's Lookout
to Mount Michael, arc isolated outcrops of a yellow-brown fresh-
water limestone with dbundant small gastropods. Gypscous clays
overlying the laterite west of Mt. Michael arc considered to be

the basal unit of this limestone. The name Nilpena Limestone

is proposed for this formation. The type-section is one mile

south of Randell's.Lookout ot lat. 30°54'35%; longs 138°91.

Nixon (1963b) recorded the gastiopods as Coxiella,
Specimens submitted to Dre. N.H. Ludbroock were identified as
freshwater gastropods unrclated to Coxieclla. Their exact
identity has not been determined. :Similar limestone outcropping
near Nilpena HeS. contains a mixture of ths small gastropods,

and larger ones resembling Coxiella, (sece Appendix III).

#Bore drilled 1926, Log recorded in Dept. Mines S.A. Bore

records; Millya Millyana Bore No. 179.
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The limestone is best exposed at the type locality givén
above, and as a long narrow outcrop a mile north of Mt. Michaecl,

BEvidence of a once extensive deposit of Pleistocene
gravels can be seen over fhe whole arca, in places forming quite
distinct mesaas. The bods arc best cxposced in Warrioota Creck
near Winnowie Well wherc they form cliffs along the north and
west side of the Creck, (plate 9). In the southwestern part of
this locality they can be Seen clearly overlying Tertiary Duri-
cruste The gravel beds are composed of large wcll-rounded gravels
and boulders; the cementing material is not casily examined
because of weathering., The deposits represcnt a period of strong
subaerial weathcring, with erosion and peneplanation of outstand-
ing surfaces and infilling of heollows. Traced eastwards'towardsf
the Ranges, the conglomerates thin out, and in the foothills
several flat topped mesas with only thin veneers of boulders can
be related to this period of erosion and infilling.

Beneath the boulder beds in scveral places are thinly
laminated green and red shales, often weathered to a soft claye.
These are exposed in the cliffs in the cxtreme southeast area;
along the northern cedge of the Pleistocene boulder beds south of
Warrioota Creeck on the track from Beltana H.S. to Teatree Well;‘
and in the vicinity of Winnowie Hut. It is not certain whether
these are Pleistocene clays or should be cerrelated with the pre-
duricrust scdiments noted in the previous section. |

Difficulty was éncountered in delineating the boundary
of the Pleistocenc gravel deposits>in the central plains‘becausé
of the resemblance of the récent screc formed partly by the re-:
working of the gravels,

It is possible that minor cast-west and north-south
faulting may have affected the Pleistocenc deposits, and playecd
a part in dctermining the present outcrops. Dalgarno and Johnson

(1966) have recordecd such faults from the Parachilna areas



Plate 9—Pleistocene Boulder Beds
in - Warrioota Creek near
Winnowie H.S.

Plate 10—Aerial view of Qrt-covered plains SW of Red Range
showing complex of old stream channels.
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Recent Sand Spread

Recent sand dunes cover the arca west of the Mount
James-Mount Michascl range as far as Lakc Torrens, (see fige 2)e -
There is an additional arca of sand cover noitheast of Mount
Michael on the western edge of thc Beltana plains arcea. The sand
dunes shbw a trend from eastnortheast vcafing round to a diroctiqn

castsoutheast to southeast.

Recent screg

Large arcas of the Beltana plains are covercd by gibber
material. This is thought largely to represent flood and creck |
material transported from the Ranges westwards. The pattern of
former trahsient streams can be casily scen on gerial photographs,

(plate 10).

STRUCTURE AND TECTONICS

Structural Subdivision

The Beltana one mile sheet covers an area on the
western side of the Flinders Ranges where there is a transition
westwards from the true geosynclinal conditions of the Adelaide
Geosyncline towards the stable conditions of the Stuart Shelf,
(see fige 7)e The line of theAMount Deception fault-scarp marks
the western limit of the Flinders Rangese. This line approximat?s
to the beginning of the transition zone which extends &s far Weét
as the Torrens Fault (Johns et al, 1966). Block faulting withih
this zone hag formed two partly connected basins (separated by
the Ediacara Fault) - the Lake Torrens Sunkland and the Beltana

Sub-basin which togecther make up the Pirie-Torrens Basine
The Flinders Ranges.
The eastern one third of the Beltana sheet covers the

western ecdge of the Flinders Rangces, formed of Proterozoic and

early Cambrian geosynclinal sediments. The dominant structural
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element is a dome with its centre in the S.E. corner of the arca
a little way north of the Greenwell Diapir. This structure is
here named the Nuccalcena Dome after the ncarby Nuccaleena Mine
(Grasso et ale 1956). The flanks of thé Dome are truncated to
the west by the postulated southern cxtension of the Mount
Deception Fault and to the north by the southwest trending
Beltana Diapir, (see fig. L).

The central part of the Nuccaleena Dome in the south-
east corner of the area is cut by a number of more or less radial
faults, Diapiric intrusions are associated with some of these
structures. The Greenwell and Nilpena Diapirs lie cn the
Nuccaleecna Fgult. In the eastern part of the Dome covered by
the Cadnia 1:63,360 sheet (Grasso et al. 1956, op. cit.), the
Nuccaleena and Warraweena Diapirs and their associated minor
diapirs liec along similar fault lines.

_Twelve miles to the southsoutheast of the Nuccaleena
Mine is the Blinman Dome Diapir. Drawing an analogy with this
structure, it is tentatively suggested that the diapiric intru-
sions of the Nuccalecena Dome are apophyses of a larger domal
diapir lying at a shallow depth within the Nuccaleena Dome,

(see section A-A', fige 5).

‘The Beltana Diapir is of a different type in that it is
essentially linecar and is intruded along a major fault line,
which repeats the upper part of the Wilpena Group, some 5,000
feet of sediments, to the north. The structures within the
Diapir and its mode of intrusion will be described later in this
section. Dalgarno (pers. come.) has suggcsted the possibility éf
the Beltana Diapir being ingruded along a south-~facing monocliﬁec
This is a possibility but it is not favoured by the authors .

The hills of the Flinders Ranges arc structurally
limited to the west by the Mount Decention Fault. This fault
was pdstulated by ReL. Jack (1925, op. cit.) as tpe castern
boundary of the Pirie-Torrens Basin. Faulted béds can be seen

along the western side of the Mount Deception Range particularly



at Teatree Well. Along the western side of Red Range, duricrust
dips at an angle of 300 to the west, suggesting that the western
edge of the Range is a fault scarp. In these two places there
is good evidence for a fault. However, between Teatree Well and
the northern end of Red Range, and again south of Red Range to
the Nilpens Diapir, evidence is masked by a covering of Recent
gscree. lWhether the Mount Deception Fault is continuous from the
north to the south of the Beltana sheet must remain essentially
hypothetical. However, to postulate its continuity helps to

clarify much of the structure of the central Beltana area.
‘The Pirie-Torrens Basin

The western two-thirds of the area covered by the
Beltana sheet ferms part of the northern end of the Pirie-Torrens
Basin, the eastern 1limit of which is defined by the Mount
Deception Fault along its full length. The basin is divided into
two parts by the Ediacara Fault, the western half belonging to
the Lake Torrens Sunkland and the eastern half forming the newly
named Beltana Sub-basin.

The Beltana Sub-bagin

The Beltana Sub-basin was defined, though not named,
by ReLe Jack in 1925, It is bounded to the cast by the Mount
Deception Fault and to the west by the Ediacara Fault. Its
formation was controlled by hinging of the block along its
western edge with greatest subsidence in the east, The hinge-
line is represented by the rocks forming the Ediacara Range and
its continuation‘southwards to Mount Michael.

- The subsided basin was infilled with scdiments during
the Tertiary and Quaternary Pcriods. These sediments mask the
fundamental structure of the faulted block and this can only be
deduced., The observed structurces in the Mount Michael—Mount James
range, and Mount Deception Range, suggests a series of gentle
folds with north-south axes arranged ex echelons The Mount

Deception Fault cuts off the structurcs seen to the east,
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It is probable that the faultline (or monocline) of the Beltana
Diapir carrics through in a south-west direction cutting the
hinge-block in the region of Nilpcna H:iS. The overlying Tcrtiary
and Quatcrnary sediments arc believed to be essentially flat-
lying although post-duricrust movement on the Mount Deception
Fault may have tilted them slightly to the caste

The Lake Torrens Sunkland

The Lake Torrens Sunkland is part of the Torrens-3t.
Vincent rift (Thomson, 1966) which stretches in a north-south
direction and contains Spencer Gulf and Lake Torrens (sce fig. 1).
In its northern part, the eastcrn boundary is now defined by the
Ediacara Faulte. The structure of the crystalline basement and
the overlying Proterozoic rocks is not known. Evidence from
seismic observations and bore-hclc information does, however,
suggcst that the rift is floored by essentially flat-lying rocks
of the Wonoksa Formationf On top of this has bcen deposited a
thick seguence of Tertiary scdiments which are now covered by
Recent sand-spread and lake deposits. It is believed that the

Tertiary rocks are horizontal

The bulk of the material in thesc two basins is re-
garded as ecarly Tertiary in age. In the paft of the Lake Torrens
Sunkland scen on the Beltana sheet thecy vary from 500 fcet thick
in West Paddock Bore (Jack, 1925, ope. cit.), to 800 feect thic&
near Warrioota HeS. In the Beltana Sub-basin, 184 feet of posé-
Cambrian sediments occur in Nursery Well and Bore, of which th%
lower 140 feet probably belong to this ecarly Tertiary sequende;
Relationships in Pigeon Bore and in the ecastern portion of the;
Beltana Sub-basin indicate that these sediments were depositea
prior to the formation of the duricrust.

A second period of movement occurred along both the
Ediacara and the Mount Dcception Faults in late~ or post-Tertiary
(possibly late-Pleistocene) times, downfaulting the duricrust on

the eastern sides of both basins.
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The Ediacaras Fault

In 1925, following a hydrological survey of the
Beltana arca, R.L. Jack (op. cit.) suggested that the west
facing scarp of the Ediacara Range and its continuation south to
Mt Michael,-might represent a fault-linec. Corroborativa
evidence was available from the logs of two bores sunk in the
sandy country to the west.,

| A re-examination of this evidence suggested to the
present author the probable corrcctness of Jack's thesis. The
log of West Paddock Bore (3 miles west of Mt. Michael) struck a
basement of ?Wonoka siltstones at 515 feete In Pigeon Bore,
duricrgst was cut at 100ft., although it outcrops on the surface
only a few hundred yards to the east. The log of bore-hole B1
(fig. 9), drilled on the western side of the Bdiacara Range
penetrated only gravels to a depth of 100ft., despite Cambrian
limestone being present on the surface a short distance to the
easte | |

With the permission of Dr. He Wopfner (Supervising Géo~
logist, Petroleum Exploration Division) a seismic unit was.divérw
ted from its investigations of the Pirie-Torrens Basin: south of
Nﬁipena, for 2 days during July,. 1965, Under the direction of:
Mro, G. We ¥endall a single seismic line was shot across the es@i«
mated position of the fault in the‘néighbourhood of Warrioota
OeSe south of Ediacarae. The results indicated a normal fault
dipping westwards with a downthrow of 800 feet to the west
(Leeson 1965). '

During the seismic investigations near Parachilna Kep~
dall (1966) had discovered a similar fault, though with a greater
displacement, in the vicinity of the Motpena Stratigraphic Bores.
It is considered that this is continuous with the fault located
at Warrioota H.S. and the name Ediacara Fault is proposed for ite

A recent acromagnetic survey of the Copley 1:250,000

map area by the Bureau of Mineral Resources has indicated that
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the Ediacara Fault is the surface expression of a major disloca-
tion deeply affecting the crystalline basement, and associated

with deep-seated meridional anomalies (G Young; persi, comm)s -

Diapirism

Structure

Officers of thé Geological Survey of South Australia
have for a long time recorded large bodiecs of intensely brecciaT
ted rock in the Flinders Ranges. Webb (1960) recognized that
many of these structures owed their origin to diapiriec processeé
of intrusione. Coats (1964b) listed twenty=six such structures
from the Flinders Ranges. The Beltana Diapir is bne of the
largest of these. |

The Beltana Diapir (plate 11) occupies much of the
country to the north of Warrioota Creck in the northeast portign
of the Beltana 1:63,360 map area, on the northern flanks of theé
Nuccaleena Domes ‘The bulk of the diapir lies to the west of tﬁe
Hawker - Leigh Creek roade To the east thin apophyses have beéna
injected into the beds of the Wonoka and Pound Formations, and
northwards (on the Copley 1:63,360 map area) along the line of &
north~-south fault, which separates the Brachina Formation from
the Cambrian, (Parkin et ale, 1952).

The northern boundary of the Beltana Diapir is a fault-
line downthrowing to the southe The fault-line trends in a
north~easterly direétion to the northern boundary of the Beltana
map area, where it takes on the northefly trend noted in the A
previous paragraphe |

Oﬁ the southern side of the diapir are exposed the
flaggy limestones, siltstones and brecciolas of the Wonoka Forme
atione Except at the eastern end, and in the southwest inter-
fingering zone, the Wonoka is flat lying, with dips generally

only a few degrees to the south;



Plate 11—Vertical aerial photograph of Beltana Diapir.
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In strong contrast the rocks exposed north of the
diapir have a steep dip northwards, becoming vertical in places
adjacent to the wall rocks of the diapire. The rocks exposed herg
belong to the middle and upper members of the Brachina Formation;

Thus, there is a stratigraphical displacement of 5000'.

or more across the diapire.
Stratigraphy of the Core Rocks

Webb: (1960 opecite) first recognized that the rocks in
the core complex of diapirié intrusions in the central and northg
ern Flinders Ranges belonged to the Willouran Seriecse. Coats :
(1964b) described in some detail the lithology of the core com= -
plex rocks in the Blinman Dome Diapir, which he correlated with
the Callanna Beds of the Willouran Seriese.

There is a great similarity between the rock-types |
in the Beltana Diapir and those described By Coats from Blinman;
A Willouram age is therefore suggested for theme No rock typeé
diagnostic of any horizon above the Callanna Beds have been
. found within thé Diapire |

The rocks within the core complex occur as large dis—
oriented blocks in a matrix of dolomitic breccias Some of the
largest blocks reach up to a mile in length (see frontispiece)s
It is not possible to arrive at any true order of stratigrsphical
sequencee For presentation of the map and consideration herec the
rocks have beem grouped into five lithological types:-

7+ A thick sequence of white gquartzites with heavy mineral
bandinge One thin interbed of purple siltstone with
pseudomorphs after halite is present in the lower part of
the sequences The uppermost strata are interbedded with
blue~grey and purple siltstones, bearing numerous halite
pseudqmorphs. This sequence passes conformably upwards
into blue=-grey and purple siltstones bearing pseudomor=

phed halite,
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Brown and blue-grey siltstones, thinly laminated with
numerous halite pseudomorphs on lamination planese

Heavy mineral laminated sandstones and siltstones, with
pseudomorphs after halite, both interbedded with bands og
yellow weathering dolomites :

Bedded, yellow-weathering dolomites.

Two small "plugs" of scapolitized hornblende-quartz rocks

Thereis a erude arcuate arrangement of the larger

blocks with a geometric centre half a mile S.E. of Trebilcock's

Gape

Evidence of movement during sedimentation

Coats (1964b) and Dalgarno and Johnsom (1965) have

recorded evidence of the movement of diapirs during sedimentat-

ione.

A similar intérpretation is placed upon certain strati-

graphical features noted in the upper Marinoan sediments from

Beltana, These arc:-—

Te

2e

Se

Le

A conglomerate lens replaces part of the basal sandstone
unit of the middle member of the Brachina Formation on:
the northern edge of the Diapir. |

Two thin bands of conglomerate occur in the middle member
of the Brachina Formation north of the Beltana Diapir,

An increase in thickness of the A.B.C. Range Quartzite
across the Diapir may be related to diapiric influence
on sedimentation,

A thin conglomerate occurs at the base of the Bunyeroo
Formation north of the Diapir apparently connected with
two small diapiric intrusions on the northern side of
Mount Bayley Rangee The‘lower part of the Bunyeroo
displays a distinct faciles change from Teatree Well south=

eastwards to Mount Bayley Range.
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5« Coats (perse comme) has observed definite diapirie detri-
tus (including siltstone pebbles bearing pseudomorphs
after halite) in the lower part of the Bunyeroo Forma=
tion fromthe northern margin of the Beltana Diapir cov-
ered by the Copley 1:63,360 geological sheetes '

6« There is a sedimentary discordance marked by a slump brec—
ciola at the boundary of the Bunyerco with the Wonoka
south of the Diapir.

Te Slump brecciolas in the Wonoka Formation show a notable
increase.in frequency towards the diapire

8¢ A conglomerate occurs at the base of the Pound Quartzite.
at the northern end of Red Range where it is in contact
with the Diaspir. This lenses out southwards and has
been found in no other locality. g

This evidence suggests that there were positive moveé
ments of the Beltana Diapir during Marinoan times, and that thé

diapir was on occasions actually exposed and eroded. i
MINERALIZATION

Mineralization is widespread throughout the older ro?ks
of the Beltana areae. Copper and lead form the most important ore:
deposits, with barytes and haematite in minor amountse. The miéer«
al occurrences are of three types - stratiform)crosscutting and
diapirice The stratiform deposits are believed tp be syngenetic
aithough at least in the case of the Ediacara Mineral Field mo?il
1zation to a more structurally controlled positiqn has taken
place subsequent to deposition. The crosscutting‘veins'often
have an obvious structural connection with the diapirs and their
genesis must be considered together'with the deposits found with-
in the diapirs themselves. The origin of ore-bodies in and assoc -
iated with diapirs is controversiale. However, crosscutting veins
are by definition epigenetic whether they are derived from the

mobllization of primary syngenetic deposits dquring diapiric
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upheaval, or from a more deep-seated igneous event in which min-~
efal solutions Wefe introduced during diapirism or later along :
the lines of weakness provided by the diapirs.

This chapter is devoted to a discussion of the three |
types of deposit with descriptions of mines and prospects appen-’
ded to each sectione The locations of mines and mineral occur-é

ences are given in figure 8.

Stratiform deposits

Dealt with in this section are the silver-lead~copper
deposits of the Ediacara Mineral Field and the cupriferous greyr

green shale horizons within the Bunyeroo Formatione
Ediacara Mineral Field

The Bdiacara Mineral Field (fige 9) is the richest
mineral deposit in the Beltana érea and the only one where silyer~
lead occurs. The mineral field has attracied the attention of'
geologists since Ulrich visited it in 1872, ahd since then has
been reported on by Rosewarne 1888 (in Brown, 1908), Brown 1888
(in Brown, 1890), Krause (1891), Brown (1892a, 1892b), Parkes ‘
1892 (in Brown, 1908), Matthews 1892 (in Brown, 1908), Brown
(1899, summary of previous accounts), Jones 1907 (in Brown, 1908)
Boundy 1937, Gustafson (1938), Segnit (1939), and Broadhurst
(1947, 1953)e The development of ideas on the nature and origéi_n
of the deposits is given in the chapter on the "History of Inv§8r
tigations". Between 1960 and 1963 the South Australian Mines>:
Department carried out an intensive investigation into the min-
eral resources of the field which included detailed mapping by
L. G, Nixon and the drilling of 30 diamond drill holes. The
reader is referred to Nixon's reports (Nixon 1962, 1963b, 1964)
for descriptions of the ore-field and details of the investiga—
tionse No further work has been done on this area during the |

present surveye-
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It is proposed for the sake of completeness to give
here a brief summary of Nixon's.reports.

The Ediacara Mineral Field is located in the southern!
portion of the Ediacara Range, 15 miles west of Beltana townshipe

Widespread stratiform lead and copper ores occur in the
Lower Cambrian dolomite sequence, locally forming small high
grade deposits in sedimentary breccias and fractured rocke The
Cambrian hés a relatively shallbw basin structure, Within this,
silver-lead forms an extensive low-grade stratiform deposit
extending over a length of approximately 16,000ft, with a maxi-
mum width of 7,000 feet and a total stratigraphic thickness of
1,00 f'eet from 50 fect above the base of the Cambrian, Two rich
zones 50 feet apart occur within the mineralized sequence from
100-~200 feet above the base of the Cambrian, Nixon (1964) est-
imated the following reserves of lead ore for three different
grades. 620,000 tons of ore averaging 2.&% lead over a thickness:
of 20 feete 17,500,000 tons of ore averaging 1.13% lead over é
thickness of 52 feete. 31,800,000 tons of ore averaging 0.9% |
lead over a thickness of 58 feet. The northern limit of lead
mineralization is at Greecnwoods VWorkingse This limit coincideg
with a northward facies change from algal to oolitic dolomite.;
There is a gradual fall in grade of ore from north to southe The
lower grades of the southern half of the field possibly reflec§
a similar facies control, ‘

The principal lead mineral is galena which occurs as
disseminated crystals throughout the host-rock, as small lenses
along bedding planes, as vein-filling, or as the main constitu%
ent of the matrix of sedimentary breccias., On the plateeau leaé
occurs as its sulphide, galena, whereas around the perimeter and
on the flanks. of the plateau the carbonates of copper and lead
predominate, implying that theerosion rate on the plateau is
faster than the rate of chemical weathering,

Nixon considers that the deposition of lead was contem-

poraneous with sedimentation, its distribution being influenced
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to some extent by sedimentéry and structural featuresé Recrys—
tallization and mobilization of the lead into sedimentary breccia
zones is considered to have taken place after lithification of
the sediments. He regards the Mineral Field as belonging to the
Mississippl Valley type of deposit, comparing it to the lead dep-
osits of south-east Missouri, _ |

Thomson at first (1961b) favoured a sedimentary syn-
genetic origin for the mineralization. Later (1965b), on the
basis of regional mapping and stratigraphic geochemiéal sampling
(1962) he proposed that a relationship existed between a major
lineament (Ediacara Fault) and the lead mineralizations The leac
was derived from a deep-seated source either by a contemporane-
ous Cambrian volcanic exhalative process or by subsequent Ordo-
vician telethermal solutions. |

There are four principal mines on the Field:
Greenwoods. Workings

These are located at the northerm end of the Field, to
the east of the Gap Creek Fault, and were the most important
workings at Ediacarae They mark the most northerly extent of
the lead mineralization. High grade lead mineralization oceurs
near the top of the sandy cross-bedded dolomite unit in a 2'
thick zone of sedimentary breccia dipping 10° southeast parallel
to beddinge Cerussite is the principal lead mineral, Galena §
occupies fractures in the country rocke The grade of ore from
the mine is estimated at 31% lead and 90z. per ton silver over
an.avérage thickness of 2.4 feets
Production: (Estimated) 8,800 tons averaging 31% lead and 9oz,
of silver per tone.. .

Southern Workingo

These are located at the southern end of the Fielde.
Mineralization occurs. in calcareous shales and silts which are
the lateral equivalent of the sandy cross~bedded dolomite of the
northern part of the Fields A narrow ore-body, elongate north-

south, dips flatly to the north parallel to beddinge. Most of
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the ore mined was the lead carbonate, cerussite, although records
indicate there was some indtial mining of copper carbonate. Samf
plings by Boundy and Gibson (1937) gave an average of 12% lead °
and 10z. silver per ton for an average width of L.7 feet, :
Production: (Istimated) 415,000 tons averaging 12% lead and 1oz§
of silver per ton. ' © v . {
Black Eagle Mine

Located on the western side of the Field, this mine was
worked only for copper which occurs mainly as the carbonate mala-
chitee The copper occurs with haematite and limonite in dolomitc
breccia and appears to be stratigraphically higher than the lead
rich horizons of the northern and southern parts of the Fielde f
Production: The recorded production up to 1913 was 3646 tans of

copper metal from 264 tons of oncs

Moorish Adit

Located waest of Greenwoods Vorkings in a zone of fracf_
tpr;ng qssociated with the Gap Creek Faulte. Barytes is abunda@f,
asso@iated with fhe fault zone, }The lead mineralization is in tL:
same horizon as at Gfeenwoods Workings = the cross-bedded sandy
dolomites. Most of the wofkings were of an exploratory nature
onlye
.Production: No figures are known, but production was probably

very small.
Bunyeroo Formation

Within the red shales of the Bunyeroo Formation are
several horizons of grey-green shale. In two localities these’
are stained with the green copper carbonafe malachite on the
shale partingse. These copper rich horizons can be traced for

"some distance along strike. The two localities where the
horizons are minerallzed are at the southern and southeastern
end of the Mount Deception Range in the ¥icinity of Teatrce Well,
and to the east of the Hawker-Leigh Creck road a mile southeast
of Railway Well., At hoth of these localities the horizon has
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been prospected as an ore body; at Teatree Well by the Caines
Lease Workings, and at Rallway Well by Walters Copper Mine and
the Six Mile Copper Claim. |

The copper horizons in the Mt. Deception area lens ouﬁ
southeastwards On the northern flank of Mount Bayley Range a
greater development of the grey-green shale faciés occurs at
this horizon, but does not carry copper.

Caines Lcase.

Location i~ '8% miles west of Beltana, % mile north of Teatree Wel:
References:- Record of Mines 1899 p. 9. A
(This is probably the same mine recorded under "Beltana District"
on page 3 of the same volume).

The main workings here are on a2 small vein running pare
llel to strike and o description will be found in- the next
section. However, at this locality two thin bands of grey-grecn
shale within the red shales of the Bunyeroo Formation carry
stratiform copper mineralization. Two small pits have been dug
on one of the horizons a few yards north of Teatree Hut; these
are of an exploratory nature only and no mining is believed to
have taken place on this horizone
Wialter's Copper Mine
Location:- 5 miles south of Beltana township; % mile east of

the Hawker-Lcigh Creek roade.
References :- Inspector of Mines Report (H. Jones) - 1912, (Prin-
ted in M.R. 16, 1912, p. 4L). |
Jones reports that the lode workecd by thismine had a north—souph
strike with 2 dip to the west. The lode, described as ‘clayslote.
thickly impregnated with blue and green carbonates! was revealed
over a‘strike length of 100' by opencut workings and one shaft tc
a depth of 20'.
‘Grade:- (Jones, 1912) 2 samplcs from the dumps assayed at 8.2%
and L.5% ocoppexrs

Production:- No production figures are known.
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Six Mile Copper Clais
Location:~ % mile east of PFour Mile Well; to the south of
Walter's Copper Minec.
References:- Inspector of Mines Report (H. Jones) April 1912;
(printed in Min. Reve 16. 1912, D.lli).

In 1912 Jones reported a north-south striking lode with a shallgw
dip westwards exposed over a distance of 1% chains by extensivef
prospecting opencuts and shallow sinkings (L4-15ft. deep)e. The
lode was described as '"clayslate, densely impregnated with grecn
and blue carbonates and thin veins of grey-ore in the joints'.
Gradc:- (Jones 1912) 2 samples from dumps assayed at 11.1%
and 7.1% coppale.
Production:~ No production figures arc known.

The cupriferous green shale horizons in the Bunyeroo
Formation are considered to be syngenetic. The primary origin
of the copper is not known. Coats (1964b) has drawn attention t-
the possibility that the erosion of the mineralized cores of
diapirs during the deposition of the country rocks, provided the
copper for syngenetic deposits. Evidence from the Beltana area
strongly suggests that the Beltana Diapir was actively moving
and being erodcd during the Marinoan.

Considering the origin of the copper in the VWearing
Dolomite Member of the Bunyeroo Formation in the Central and
Bastern Flinders‘Ranges, Thomson (41965b) sugecsted the possi-
bility of copper-enrichment of bottom-sediments by submarine
springs along hinge-lines. A similar origin can also be invoke”
for the stratiform copper in the Bunyeroo Formation in the
Beltana area. The Beltana Diapir itself might have provided
the lines of weakness by which hydrothermal solutions from a

more deepseated source reached the surface.

Crosscutting ore=bodics

A number of mincral lodes are of o crosscutting

nature. These veins often have a clear structural connection
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with diapiric arcas. The unnamed mines and ore~bodies of the
south-cast arca are of this type. They are located on or near
the faults radiating from the Nuccaleena Domec bencath which is
a postulated diapiric intrusion of which the Nilpena and Green-
well Diapirs are apophyses. To this group should probably be
added the southwest trending barytes vein at Lyford's Barytes
Workings.

The copper mines of the Black Feather Group worked a
north-south cupriferous carbonate vein. 3,000 feet tc the cast o?
this a parallel north-south barytes vein carries copper in its i
southern part, while an unmineralizcd carbonate vein also trend-
ing north=-south is found 2,000 feet to the west. These threc
veins run roughly parallel to the strike of the Bunyeroo shales
but have a considerably steeper dip. A4 strugtural and genetic
comnection with the Beltana Diapir is assumed for 211 these vein:
It should be noted that the association of barytes with copper
occurs within the Diapir directly to the north near the old
Beltana railway station.

Another north-south copper lodc occurs in the base of
the Cambrian limestones on the western side of Red Range. The
mineralization is confined to one horizon, but a small iron
‘carbonate vein can be traced in places. Structural and genetie
connection with the Beltana Diapir is again probable, since ther:
is a group of three copper mines within the southwestern corner
of the Diapir, due north of the Red Range vein. |

The barytes veins on the western side of the Bdiacara
Range and its southern continuation are possibly connected with
the Ediacara Faulte It is worthy of note that the Gap Creek
Fault branching off the Ediacara Fault in the vicinity of Mount
James is reported by Nixon (1963b), as carrying considerable |
barytes mineralizatione |

There follows descriptions of the mines which worked

- the cross—cutting lodes.
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The Southeastern Area

Mineralization is associated with the diapirs and
faults in the south-eastern corner of the Beltana area. The
locations are shown in figure 6. The Breakfast Time Fault is
- occupied by a quartz veih for much of its length. A small
north-west trending off-shoot from this fault carrics a quartz
vein with copper minecralization which has been worked by two
shafts and a number of pits. No records have been found of these
workings. Southwestwards the Breakfast Time Fault is dissipated
in the soft shales of the upper member of the Brachina Formatior;c
lHowever, where it cuts through the ridge formed by the A.B.Co.
Range Quartzite, there is a large amount of haematite. This
would seem to be an example of lateral zoning along a faultline,

Near thc northeastern end of the Nilpena Diapir coppe;
mineralization is prgsent in the base of the Pound Quartzite,
This has been worked by four shafts and various pits. No recordc
are known of this mine. The lode appears to be of a cross-
cutting nature. The proximity both to the diapir and to the

Nuccaleena Fault is noteworthy.

Lyfords Barytes Workings

Location:- 1% miles south-ecast of Huntcr Spring Well.
Reference:=- Mansfield (1940). Mining Review vole. II, no. 84,
Do 158.

Lyford's Barytes Workings arc located at the north-
eastern end of a barytes vein which can be followed for a dis-
tance of half a mile to the southwest, cutting across the siltr
" stones of the middle and ﬁpper members of the Brachina Formatiéng
At the mine the vein dips 750 to the northwest. The mine-working
consist of one large open-cut, 30 feet deecp, for a distance of
30 feet along the strike. The barytes is contaminated with iron.
but Mansfield considercd that a limited tonnage of segond_gnade
ore could be producted.

Production:- The only production figurcs knovm are 10 tons of

barytes valued at £30 for the period 1900-1946,
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A second barytes vein occurring along the banks of
Bitter Spring Creek to the north of the Lyford's vein, was con-
sidered by Mansfield to be of too low grade for commercial

purposes because of thé iron content.
The Black Feather Group

The Black Feather Vein was worked by a number of mines
here referred to for convenience of description as the Black
Feather Group. These were from north to south; Harvey's Return
Mines, J.P. Hill's Claim, Black Feather Minec, and the Enterprise
(Beltana) Mine. They are located between four and five miles
south of Beltana towmship, and about half -a mile cast of the
Hawker-Leigh Creek roade.

The barytes—-copper vein to the cast was prospected
intensively at its southern @ad but it is believed that no pro-
duction of ore took placee.

Harvey's Return Mine
(alternative name - 4 Mile Copper Claim).

Location:=- Four miles south of Beltana; and half a mile
cast of the Hawker-Leigh Creck road.
References:- I M. Report 1899. (Matthews); (printed in
Record cof Mines, 1908 p. 62).
I.M. Report 1908. (Jones); (printed in Mining
Review 9. 1909 pe 43)
I.Me Report 1909 (Jones); (printed in Mining
Review 10, 1909. p.31).

This is the most northerly of the Black Fcather Group
of mines. Reports for the pericd 1899 to 1909, state that threc
shafts 50 feet apart were sunk to depths of 4O, 70 and 84 fcet
réspectively on a north-south almost vertical lode 18 inches to
2 feet wide at the surface but opening at depth. The lode
material was described as "of a siliceous nature containing
chiefly green carbonates associated with iron'". The green coppei

carbonate (malachite) occurred as small scams and "splashes"
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throughout the matrix. Open-cut prospecting north of the shafts
proved the total length of the lode to four chains.

These are probably the workings seen at the northern
end of the Black Feather vein. The vein material is siderite
with guartz; 1little copper can be seen in the surface exposures.
A small parallel vein'of barytes occurs at the northern end.
Various pits and shafts are grouped at the southern end of the
visible vein. |
Grade:- (M.Re 1899) Sorted samplé from near surface north of
one of the shafts assayed at 20%% copper.

Production:- The only production figures known are 14 tons of
ore assaying L-16% copper for the period up to 1899. The 1909
report states that a considerable amount of ore was raised by
driving and stoping from the shafts. This ore was dressed up to
205 |
Je.P, Hill's Claim
Location:~ Four miles soﬁth of Beltana town. Immediately south
of Harvey's Return Mine.
References:~ I.M. Report 1909 (Jones). (reprinted in Mining
Review 10, De 3)e
This mine is situated in the red shale of the Bunyeroo Formation,
immediately south of Harvey's Return Mine. It was worked betwgen
1900 to 1912. PFrom 1907 to 1908 it was worked jointly with ‘
Harvey's Return Mine by the Tasmanian Copper Company. dJones
(1909) reports that the lode had been revealed by open wdrkings
and two shafts to depth of LO and 60 feet. The lode material wac
described as '“ferruginous material with seams énd stains of
carbonates throughout®,

This is most probably the southern extension of the
lode worked by Harvey's Return Mine. There is possibly a small
cross fault between Harvey's Return Mine and J.P. Hill's Claim
displacing the vein a few feet to the east.

Production:~ No production or grade figures are known.
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Black Feather Mine

Location:~ Four and a half miles south of Beltana township;
to the south of J.P. Hill's Claim,
Reference:~ I.M. Report 1899 (Matthews); (printed in Record of
Mines, 1908+ pe 30)e
" The Black Feather Mine is situated LOO yards south of J.P. Hill'e
Claim, in red shales of the Bunyeroo Formation (here dipping at
50 to the west)s The lode trends roughly parallel to the strike
of the shales but dips westwards at a much greater angle (850).
Matthew reported in 1899 two separate lodes striking
north-soufh and outcropping at the surface 50 feet apart. The
main lode (the westernmost) had a width of 6 feet and was proven
for a length of five chains, Over this length it surface out-
crop showed trace copper associated with irone. ih 1899 one
shaft had been sunk on the western lode to a depth of 4O feet,
and a drive made from this for a distance of 45 feet along the
lodes The hanging-wall side carried 2 feet of lode material con -
sisting mainly of greem carbonate (malachite) and grey-ore
(%?chalcocite)e The eastern lode had been tested by a trial pit
sunk to a depth of 5 feet, revealing green carbonates of copperc
The mine was re-examined during ths present surveys
Between J.P. Hill's Claim and the Black Feather Mine the lode
is poorly exposede. At the mine only the main lode could be
identifieds. This is traceable on the surface for a distance
north-south of 600 feete The lode is 20 feet wide at the min?,
thinning southwards to 6 feets The vein material is siderite§
with quartz and incorporates a large amount of red shale Wallf
rock which is impregnated with copper carbonates The princip?l
ore~mineral is malachite with minor amounts of chalcopyrite. |
Grade:~ Matthews records an assay of 20% copper on a sample of
sorted ore from the drive on the mein lodee
Production:~ The only figures known are for the production up
to 1899 of 10 tons of ore assaying at 17% copper. The mine was
worked periodically up to 1917. |
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Enterprise (Beltana)_Mine

Locationi~ Fgur and & ha;flmiles southAQf‘Beltana;-quuantehwofﬁ;

a mile south of the Black Feather Mine.
References i~ I.M. Report 1899, (Matthews) (printed in Record of

Mines 1908 pe52)

Miniﬁg Records No. 6. (1907) pe 18 (returns)

»The only report on this mine was made in 1899.
Matthews recorded the lode as outcropping continuously for a ccn-
siderable distance and in one place reaching a width of 18-20
feet, trace copper carbonates being visible along the length of
the outcrope A long open—~cut, 10 feet deep, south of the main

"outcrop showed bunches and veins of green carbonate and grey ore
concentrated on the eastern side of the lode. South of the maim
lode outcrop and west of the open~cut one shaft had been sunk to
a depth of 60 feet, cutting the lode which was described as
"siliceous: ironstone, with pockets of fair-grade carbonates and
grey-ore's A trial pit west of the outecrop also revealed coppefm
bearing lode~material,

The Enterprise Mine worked the southern continuation:
of the Black PFeather vein. To the north the vein is poorly
exposed. Southwardﬁ;from the Mine the vein is.intermittentiy
expcsed and has been prospected by several pits. Copper is
present in all the exposures. The principal mine-workingé consipt
of a long north-south opencut with a shaft or adit at its south;
ern end. During the present survey the vein was examined in
this open—cuts The attitude of the lode is mcre or less verticél;
Thin vertical veins of cupriferous quartz have stoped off sheets
- of red shales Malachité is the principal copper mineral with
accessory bornite and chalcopyrite,

Grade :— A sample from the shaft assayed at 9% copper (1899 -
Production:= Production figures are known only for the period
1906-1907. 4120 tons of ore were nined, 14 toms being treated

giving a value-of -5% worth £92. -



The Red Rangg Copper Deposits,

Copper mineralization along the western side of‘Red Rahgémié»%
confined to the westerly dipping oolitic dolomites at the base
of the Cambrian carbonaté sequences The mineralization has been
explored by a number of pits, trenches, and adits. No records
have been: found of the workings but judging from the size of the
tips there was: little or no production of saleable ore. The
copper occurs as nodules and stainings of malachite. A4 mnarrow
north~south cupriferous siderite vein can be recognised in place§,
and the mineralization is considered to be entirely epigenetice.
No mineralization is associated with the strike fault, the Red

Range Fault, 1,000 feet to the weste.
Warrioota Barytes Veins

Barytes veins occur south of Warrioota H.S. for the
distance of a mile along the western edge of the Wonoka outcrop,
The veins have only short surface outcrops trending north—south.
with a few trending southwest. A shaf't has been sunk on the most
southerly veine. No other minerals are known to be associated
with the barytes. The mineralization is probably genetically

related to the Ediacara Fault a short distance to the west,

Caines Leasg

(See previous section on Stratiform Deposits)

The main workings are located on an east-west cupri-
ferous carbonate vein one foot thick which cuts the basal red
-shales of the Bunyeroo Formatione Copper was discovered here
in 1896, and by July of that year a shaft had been sunk to a
depth of 14 feet, and sn open-cut excavatede The site was exam—
ined during the present survey. Four pits were discovered along

the strike of the lode. One hundred yards to the south a second



lode can be seen in a small pit.
Productiom:~ the only production figures known are 3%Atonsko£,?

ore yielding 25% fine copper. N .

Deposits Within Diapirs

It has been noted in the previous section that some
of the mineral occurrences have an apparent or assumed connectiop:
with diapiric intrusions. There are, in addition, a number of :
lodes, principally copper, located within the diépirs. The
Copper Queen, New Year, and Beltana Edith are mines which worked
these copper lodese. The Beltana Barytes Mine produced a limited
tonnage of barytese
The origin of the copper within the diapiric struc-—~
tures is not knowe Any theory must take into account also the
mineralized veins which cut the country rock and originate from
the diapirse It is possible that the copper was originally
syngenetic within Willouran rocks brought up as blocks by the
diapiric movements, and has undergone considerable mobilizatione.
It is possible too, that the deposits originate from a more deeﬁw
seated hydrothermal source, the diapir having provided major
lines of weakness along which hydrothermal solutions could asce@dc
| The following is an account of the deposits found
within a dlapiric environmente
The Gopper Queen Mine
Location:-  Four miles west of Beltana; south of Warioota Creek
on the road from Beltana township to Beltana R.Se |
References := I.M.R. July 1908, (printed in Mining Review 9.
1908 pe 42)e
I.MeRe 1909, (printed in Mining Review 10. 1909
De 31).
Mining Review 14e 1911¢ De 7o
I.M.Re July 1911« (printed in Mining Review 15.
1911 De 25)%
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I.M.R. April 1912. (printed in Mining Review 16.
1912 pe U43).
IeM.R. April 1913. (printed in Mining Review 18,
1913 ps 38). _
I.M.R. October 1913. (printed in Mining Review 19,
1913 pe 6L).
Mining Review 20 1914 p. 7.
I.MeR. May 1915. (printed in Mining Review 22 1915
Pe 65 De 42).
Mining Review 23, 1915 p. 6
I.M.R. May 1916 (printed in Mining Review 2L. 1916,
Pe 6; De 55).
I.M.R. (Winton) 1917 (printed in Mining Review 27.
1917« . 9; 1p. 81).
Geology:~ The reports contained in the Mining Reviews cover
the mine's main period of activity from 19C7 to 1917.

. Up to 1911 the main lode, 2-5' wide striking northeast
to southwest and dipping at an angle of 4O or 50° to the southeast.
had been proved over a strike length of four chains by various
prospecting shafts and cpen-cuts. Working was from No. 1, shaft
sunk to a depth of 84 feet, located on thec surface outcrop of the
lode. The lode material was described as 'soft ferruginous
material with seams and nodules of carbonates, grey ore and ruby
oxide"., By 1912 this shaft had been abandoned and a new one
(No. 2) sunk eventually to a depth of 82 feet. At a depth of
62 feet, this shaft cut the footwall of the lode dipping cast at
uoo. From the 62-foot level a crosscut was driven eastwards iéto
the ore-body for 50 feet through soft decomposed slate and sofg
argillaceous sandstone, both with seams, bunches and nodules of
copper ore (chiefly malachite) with occasional 'strains' of
vanadium. In this drive at a disténce of 50 fecet from the shaft
a vertical winze was sunk for 20 feet, and the drive continucd
‘at the 77-foot level from the bottom of this eastwards for 21
feet in a lode of quartz and kaolin with carbonates. At the end

of thls passage a drive was made south for 12 feet,
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A drilling programme of nine holcs completed in 1916
proved a second lode to the soufheast of the main body, almost
horizontal and pinching out to the southcasts A third shaft was
sunk on this lode to the southsoutheast of No., 2 shaft.

The lode at the Copper Queen Mine is apparently strati-
form in highly weathered bleached greenish siltstones. Quartz
vein material is present in the surface outcrop-and is reported
with kaolin from the underground workings. There is insufficient
evidence to determine whether the deposits represent originally
syngenetic copper which has uhdergone a certain amount of re-
crystallization and mobilization during diapirism, or is an epi-
genetic deposit resulting from hydrothermal solutions, from a

'more deep-seated sourdce, which had access along lines of weakness
in the diapir. The former interpretation scems to be the most
plausible.

Operations:- Operations at the Copper Queen Mine were carried

out mainly between 1903 and 1917. No production figurcs are known.
However production was sufficient to make worthwhile the installa-
tion of a beneficiation plant in 1911, when the mine was under the
ovnership of the Beltana Rapid Ore Treatment Syndicate. Lowlgrade
ore (2-3% copper) was concentrated to 79-80%. The method was
successful for a period until a falling watcer supply from the mine
reduce the potential of the machinery to one working day a weeke

The Syndicate relinquished ownership in 1917 and the
mine was run for a short period by C.F.W. Pfitzner before closing
down in 1918. Leases were taken up again in 1937 for a year by
the same mane.

Grade:- At various times during operations samples were
collected from the mine by the Inspector of Mines. The results

of assays are tabulated below.
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Date Ref., Location Grade

1909 M.R. 10 open cut on main lode 10% copper
1913 M.R. 18 face of eastern drive at 62-foot |
level, 18 feet from main shaft. 1.4% copper
Bulk sampie.
e n: dist. of 15 feet in north drive 2.9% copper
1915 M.R. 22 face of east drive (full width
of drive) for L feet at 77-foot 1+7% copper
level, ‘
Facc of scouth drive (full
width of drive) for 3 feet at
77-foot level ' 0.8% copper
w_Yamr Mi
Location:- Threc and three;quarter milcs west of Becltana tovm
on the north side of Warrioota Crecke.
References:= I.M.R. December 1899, (printcd in Record of Mincs
1908, p. 102).
The only record of this mine is the Inspcctor of Mines
report for 1899, which notes that several prospecting shafts
had been sunk in soft decomposed slate material, most of them
recvealing grcen copper carbonates and onc of them disclosing a
lode formation L4 fcet wide., One shaft had been sunk to a depth
of 4O feet, two chains south of the pits. This shaft showed
small veins and pockets of ore to the bottom. The mine is
probably that located within the Beltana Diapir half a mile
north of the Copper Queen Minc. Workings are present on the
north, cast and south side of a promincnt black hill of
haematitic quartzite (P268/66). Three shafts are present; a
northern one in an cast-west line of pits, one to the south of
the hill and one to thc castern side.
Grade and Production:- The Inspector of Mines records a sample:
from the basec of the shaft giving a grade 7% copper. No

production figures arc known.

Beltana Eqith (Iron Blow) Mine

Location:~ ? 1 mile north-east of Beltana railway station,
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Refcrences:~= GeS. Report Book 1. p. Llle H.Y.L. Brown.
Record of Mines 1890, p. 50.
" " 1899, p. 72
" " 1908, p. 194

The only report on this minc is that of HeY.L. Brown in
1888 which is reprinted in each of the volumcs listed above. Brow. .
rccords that shafts were sunk in soft shales and sandstone near an
ironstone outcrop (iron blow), close to an old mine shaft showlng
gigns of copper. It was intended to prospect for silver, but it
is improbable that the venture met with success,

There is some doubt as to the identity of the Beltana
Edith Mine. It is probably the one recordcd as Iron Blow Mine on
0ld plans, and can probably be identified with the workings dis-
covered during the present survey within the western margins of
the Beltana Diapir. An examination of the arca around the mine
during the present survey proauced only copper pickings.
Production:- Activity at this minc is recorded for the years
1907 and 1911-1913. No production figures or gradcs are given.
Beltana Barytes Mine
Location:~ One and a half miles north of Beltana Township.

This mine was not definitely located during the present
survey. It is recorded that the lease was first taken up in 1941
but production was not started until 1946. The workings con-
sisted of an open cut 5ffeet deep along a vein. An association of
barytes and copper occurs a short distance to the north of
Beltaha Post Office. This is possibly the Beltana Barytes Mine.
Production:~ Returns - 1946 - 11 tons barytes valued at £55
1960 ~ 2 tons barytes valued at £14.
Other localitics

There are, in addition, small copper deposits within ,
the Nilpena and Greenwell Diapirs. 4 number of pits have pros-—

pected these, but no working is believed to have taken place.
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»HYDROLOGY OF THE BELTANA AREA

The western portion of the Beltana arca forms part of ..
the northern half of the Pirioe®nrpana Parnin. Loeckhort Jack
surveyed the water resources of this part cf the basin in 1925.
He regardcd as its castern limit the western scarp of the Mount
Deception and Red Ranges. The Beltana arca thus falls naturally
into three hydrolcgical entities reflecting the {undamental thres-
fold structural division of the region outlined in a previous
sectioﬁ.:.- 1) The Hills of the Flinders Ranges; 2) The Beltana
sub-basi#;4 3) The Torrens Sunkland. (See fig. 10).

The Hills of the Flinders Ranges

The Precambrian and Lower Cambrian rocks of the
Flinders Ranges forming the most eastern division are folded into
a broad dome structurc truncated to the north by the southwest
trending Beltana Diapir, and westwards by the Mount Deception
Fault.

The A.B.Cs Range Quértzite outcrops in the eastern part
of the area as a broad arcuate range of hills with strata dipping
to the north and west. It is underlain by siltstones cf the uppe:-
member of - the Brachina Formation, and overlain by rcd shales of
the Bunyeroo Formdtion. It probably thus forms a good aguifer
capable of supporting a number of bores. Hunter Spring Well is
built on a natural permanent spring at the base of the q.uartzitée°
The Station bore at Puttapa H.S. possibly taps this aquifer, {

A sandstone unit at the base of the middle member of%
the Brachina Formation probably acts as a second minor aquiferé
It is this unit which causes the semi-permanent Temple Bar Spring
on Breakfast Time Creek. Thisé&guifer possibly also supports the
Station Well at Moorillah H.S,. |

No wells or bores are found within the Beltana Diapilr.
However good supplies of fresh water are obtained from iAfghan

and Beltana H.Se. wells in the low dipping Wonoka country rock
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on the southern cdge of the Diapire. The wclls are located on
the banks of Warrioota Creck and it is not possible to tell which
.is;the most important factor in the water supplye.

| Teatrée Well taps water from the 4.B.C. Range Qurtzitec
equifer which forms the southern end cf Mount Deception range,
(see fige 10). This formation is folded hcre into a strong north
south anticline plunging south under the Bunyeroo shalcs a short
distance nbrth of Teatree Well., The waters of the aguifer are
probably dammed up aogainst the Mount Deception Fault immediately
south of the well.

The Beltana Sub-basin

ey

Lockhart Jack (1925 op.cit.) defined the eastern part
of the.Pirie—Torrens Basin between the western cdge of the Mounq
Deception-~Red Range lineément and the Ediacara Fzult as a
structural and hydrologicel entity. This is here named the
Beltana sub-basin. dJack described the sub-basin as a downfaulted
block hinging along the Mount James-Mount Michael rangs with its
greateet dovmfaulting in the east; Tertiary and Quaternary cla&s
and gravels were deposited within thé.basin, thickest in the cgéi
and thinning to the west, the Mount Jzpes-Mount Michacl highlaﬁd
acting as a partial barrier to their furthcr movement westwardsg
The highland barrier would have a similar damming effect to the
present ﬁovement of shallow groundwatiers reaching the basin along
the major water courses.

Jack sugzested that between these creeks the ground-
waters would stagnaté and become brackish, but along the creeks
there would be a flushing effect of periodic floodwaters which
would maintain a comparativély fresh groundwater in their vicinit,
Most of the wells and bores in the sub-baéin are located along
the crecks following Jack's advice. All the wells give good
stock water, Ah exceptioh however is Sundown Bore wahich 1s scme
distance from a sizeable creeck but zives cextremely good guality -

water.
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The Lake Torrens Sunkland

To the west of the Ediacara Range and its continuation
southwards, the Ediacara Fault downthrows the basement rocks 800
feet to form the Lake Torrens Sunkland, the eastern limit of
which is now defined in this area by the Ediacara Fault. In the
log of the West Paddock Bore, three miles west of Mount Michael,
515 feet of ?Tertiary clays are reccorded above the basement.
These are believed to be essent?ally flat-lying, with a resultaqt
lack of groundwater circulation. |

Jack considered that fhe only probable locations for
good groundwater were in the eastern part where the major creeks
break through the highland barrier and flushing by occasional
floodwaters could still take place. The bores at Warrioota 0.S,
and Pigeon Creek are in such localities and give fairly good
stock water. Westwards the groundwatcr becomes very brackish,
West Paddock Bore (abandoned) and Warrioota Stock Well produce
a very saline water.

Appendix II tabulates the wells and bores in the
Beltana area, giving the salinity of their water, and indicating

their relationship to the hydrological pattern outlined abovece
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APPENDIX 1

Petrological Descriptions of Thin—sections of a Representative

Suite of_Rocks from the Beltana .[firca, by I.F. Scott, Australian

Mineral Development Lgboratories

(Note:= the location of the rock type is shown in fige L).

paun/66: Etina Formation: lower dolomite unit

This is a reworked dolomite sandstone. Fragments of
the original rock, dolomitic oolites and quartz grains are now .
set in a relatively coarsely crystalline carbonate matrix. Iron-
staining is very common on growth zones within individual car-.
bonate grains in the rock.

Lpproximately 25% of the rock is sub-rounded quartg
grains (maximum diameter 1 mm), a few of which exhibit siliceous
overgrowths. However there is little evidence to suggest that
these have formed after deposition in the dolomite implying that
they are probably reworked quartzite components.

It appears that the majority of the dolomite ‘
material is primary and has crystallized in situ. However some
replacement of quartz grains has taken place but this has most
likely occurred during crystallization of the dolomite around
the detrital quartz grains during the normal sedimentary pro-
cesses.

Spherulitic dolomite oolites form a small portion of
the rock and a few larger well rounded fragments are also prescnt.
One detrital rock fragment contained poorly rounded and much
finer (average 0.10 mm) quartz grains.

Accessory amounts of tourmaline, zircon, sericite
and a few specks of calcite are also present..

In hand specimen the weathered surface of this rock
is a light buff colour and very rough. Minor arcas of coarsely
crystalline dolomite are visible in vug-~like structures. ;

Pau6/66: Etina Formation: lower dolomite unit :

In hand specimen this rock is coloured a light buff
(as. for P245/66) but no sedimentary structurcs are visible.
Fractures through the rock arec slightly iron or manganese
stained.

In thin section the rock is an hypidiotopic (sub-
hedral crystals) guartz-bearing dolomite. Interstitial quarts
grains are frequently partly replaced by subhedral crystals of
the enclosing dolomite groundmass. Iron staining of the grains
is similar to P245/66 but grain sizes are much smaller (average
grain size 0,065 mm). Quartz grains are also much smaller than
in P2L5/66.

Accessory zircon, tourmaline and muscovite grains
are also present in the rather porous rock. No calcite was
observede.
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pPaol7/66: Etina Formation: upper siltstone unit

This rock is a well bedded sandy siltstone in which
the maximum quartz grain sizes are 0,065 mm.

In hand specimen the rock appears grey and relatively
massive although traces of laminations were observed. 4 weakly’
developed bedding plane cleavage is evident.

In thin section the rock exhibits graded bcdding, the
qugrtz (and minor feldspar) grains being morc abundant in the
lower portion of the bed while silty material incereases towards.
the upper portion of the bed. This finc-grained intepstitial
material is mainly chlorite and sericite as well as minor amounts
of carbonate (calcite) and opaguese

Accessory zircon and tourmaline are also presente

p2u8/66: Etina Formation: upper siltstone unit

In hand specimen this rock is very fine-grained,
mauve-brown in colour and exhibits a well=defined bedding plang
clecavage.

It is only in thin section that the individual beds
can be discerned due to the low degree of sorting. The rock is
a dolomite-bearing sandy siltstone of similar texture and exhibit -
ing graded bedding (although not as well develcped) as in
pP247/66. However, the rock appears to contain more obvious ,
amounts of fcldspar (plagioclase and %potash) as well as dolomite
crystals instead of calcite, Dolomite crystals of similar size
to the fine sandy guartz detritus ar¢ nct uncommon but finer |
grained carbonate is also present throughout the clayey, serici-
tic and chloritic groundmass.

Opagues form 2 or 3% of the rock and accessory tour-
maline and rutile arc also present. '

P2L9/66: Btina Formation: uppcr siltstone unit

This rock is quartz bearing xenotopic dolomite
(majority of grains anhedral and equigranular)e '

In hand specimen the rock is a typical buff colour
and appears massive in nature. Veins cross cut the rock along
random directionse.

In thin section the rock contains medium sized
dolomite grains enclosing and partly recplacing remnants (approxi-
mately 7%) of quartz grains (and an occasional feldspar grain).

Veins transecting the rock contain subhedral crystals
of dolomite, frequently with iron stained growth zones, and the
remainder of the veins are filled with calcite., Calcite has
replaced a small portion of the dolomite crystals, but in
general forms only the interstitial vein material. Iron or man-
ganese stained fractures are also common and a portion of the
sample is heavily clouded with dusty iron oxides (surface
weathering).
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Black minerals in the rock are subhedral crystals
consisting of goethite rims on pyrite grains with occasional
micron sized chalcopyrite inclusions.

P250/66: Enorama Shale

This sample is a silty shale of a light green-grey
colour. Bands of silt sized material are interbedded with graded
beds of silt overlain by clayey detrituse

Serieite, chlorite, iron oxides and minor amounts of
detrital quartz are the major constituents of the clay size
fraction. The silty material contains dolomite crystals which
form ncarly a third of these bands. Other components, similar
to those present in the clayey bands, are also present and in
this particular case the coarser layer is bordered by seccndary
limonitic iron oxides.,

A poorly developed beddlng plane fracture is evident
in thin section.

P251£66:: Trezona Formation

This rock is a gilty dolomite.

In hand specimen the rock is somewhat multicocloured-
with narrow dark "vein-like'" bands cutting through the buff col—
ourcd rocke :

~ The thin section shows that the dark bands are mi-
caceous 8ilty layers which are separated by medium-grained dolor
mite material. Calcite is not uncommonly associated with the
silty detritus and forms less than 10% of the overall volume of
the rock. However, because of the irregularity of these narrow;
gilty layers it is difficult to say whether the dolomite has in
some way displaced or replaced part of the silistone along the
bedding plane or whether the silty material has infilled a poorly
consolidated dolomite scdimente.

The rock contains irregular patches of iron staining
" and also irregular lenses of coarsely crystalline quartz, dolomlt
and chlorite.

P2K2/66: Elatina Formation

_ This rock is a medium to coarse-grained, well sorted,
quartz sandstone (orthoquartzite) which appears quite porous,
being only partially cemented with clayey minerals.

In thin section the average graln size of the quartz
is 0,88 mm or in the upper medium sand size range. More than 95%
of the grains are well rounded quartz detritus and associated °
with these grains are minor amounts of potash feldspar, chalccdon:y
and/or chert. wncarly all grains exhibit strain extinction.

The rock is poorly cemented with clayey material,
chlorite, iron oxides and minor amcunts of calcite. In some
interstices fine sand size grains form part of the cementing medi: .
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P2 f56; Brachina Formation: Moolooloo Siltstone Member

wr

This rock is a greenish grey 81ltstone which, in hand
specimen, exhibits cross-bedding, surface crenulations parallel
to minor "folding" and at least three joint planes,

'In thin section the rock is well sorted with the
majority of grains in the upper silt size range. The major comr
ponents are quartz, sericite, chlorite, ?biotite, fine=-grained
?rutile,?zircon and opaques. Only occasional plagioclase fecld-’
spar grains could be distinguished in the quartz-rich groundmasse.
There is a marked lineation of the white micas indicating their
detrital origin.

Cross bedding is evident in thin section due to
minor concentration of opagues and heavy minerals.

Cross cutting gquartz veins also transect the rock.
Minor opagues and chlorite are associated with these quartz veins.

Bvidence of any folding 1s absent and it 1s assumed
that the crenulations seen in hand specimen result from load
pressure on an uneven surface.

P2§“£66: Brachina Formation: Moorillah Siltstone Member

In hand specimen this rock is a buff coloured, flne—
gralned sandstone exhibiting poorly developed cross-beddinge. '

The thin section consists cessentially of a fine-
grained, porous gquartz mosaic which has been ccmented by 51llca
overgrowths. Secondary sericite has developed along grain
boundaries and in gralns which were probably ariginally clay
aggregates. Sorting is good and primary grain shapes were sub-
rounded to rounded. .

Tourmaline, rutile, zircon and opaques form nearly
10% of the rock putting the rock in the Drotoquart21te groupe.
Cherty grains and occasional potash feldspar grains were also
observed. Quartz grains commonly have strain lines through them
caused by pressure welding of the sedimentary layer.

in indication of bedding in the rock is given by
minor concentrations of opaques and other heavy minerals.

Br5/66: Brachina Formation: Moorillah Siltstone Member

This rock is a dark mauve-brown in colour, fine-
grained and well bedded., White clay aggregates, easily v1sible
in hand specimen, are set in the dark coloured background.

In thin section individual fine-grained quartz parti-
cles are well rounded, well sorted and these primary grains are
coated with dark red iron oxides (hematite?). Secondary silica
overgrowths have then cemented the grains into a compact masse.
Occasional quartz grains reach the medium sand size range and
most of the clay aggregates are of this size. This clay detritus
forms up to 15% of some beds in the rock. Other indications of
bedding are concentrations of secondary, orange coloured iron
compounds in bands through the roeck. sccesscry amounts of opaque
grains, tourmaline, zircon and rutile arc also presente.

The rock is a protoquartzitec.
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P256/66: graching;Forgatidﬁ: Moorillah Siltstone Member

This rock is a somewhat lighter mauve colour with
dark layers indicating various beds. It is classified as a

protoguartzite.

The rock in thin section is very similar to P255/66.
Composition, grain size, sorting, accessory minerals are all
virtually identical to the previous rock. However individual
beds vary in the amount of iron oxide (hematite) coatings on
the grains and quartz overgrowths make the rock very well
cemented. Clay aggregates, although present in much the same
pﬁoportions as in P255/66 arec more randomly scattered through
the rocke.

P257/66: Brachina Formation: Bayley Range Siltstone Member

This rock is a poorly sorted sandy siltstona which,
in hand specimen in greecnish grey in colour. Bedding planes arne
also visible due to a colour variation.

The thin section contains poorly sortecd sandy detri-
tus up to 0«25 mm in diameter but most of the rock is silty
material. This silt is mainly quartz, feldspar,and white nmica
as well as a certain amount of clayey aggregate which is now
partly held together with secondary chlorite.

Opaques, red iron oxides and minor amounts of
calcite are randomly scattered through the rock or vaguely
related to bedding. Other heavy minerals such as zircon and
rutile occur in accessory amounts.

P2:28‘66: NAeBeCo Range Quax‘tzite

This rock is a light grey, medium grained, massive
sandstone in which clay aggregates (of sand grain size) are
relatively commone

The thin seéction indicates that the rock is a fine-
grained, well sorted protoguartzite containing less than 10% of
opaques, tourmaline and clay aggregates, some of the latter
being calcareous. Minor amounts of sericite have developed along
grain boundaries after secondary silicification of the or1g1na1
rounded grains.

Accessory grains of rutile and zircon are also
present in the rock.

Porosity is difficult to determine due to the clay
fraction being a problem in the thin section preparation.

P 66: Bunyeroo Formation: red shale facies

This rock is a dark massive shale which is
occasionally "spotted" in hand specimen.

The colouration of the sample is due to iron oxides
forming a large proportion of the matrix. This is readily obser-
vable in thin section. .ssociated with the iron minerals are
carbonates (both calecite and dolomiteg but finé-grained white
mica (aligned parallel to the bedding) and quartz form an
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important portion of the rock. The rock is a silty claystone
but at least 25% to 35% of the rock is carbcnate.

_ Bedding is indicated by darker and lighter iron
staining and also by minor grading. \
" Light coloured "spots” in hand specimen are leached

patches without variation in compeoeitiome .-

P260/66¢ Bunyeroo Formation: grey-green shale facies

This rock is an altered grey shale with coatings of
green malachitce

In thin section the rock is highly sericitic and
chloritic (over 65%). The remainder of the detrital material
is mainly quartz and minor opagues. Small concentrations of
more coarsely crystalline quartz grains are usually assocliated’
with minor barite grainse.

The white mica and much of the chlorite has a :
strongly preferred orientation, probably a sedimentary featurec,

Secondary malachite is a rather common constituent:
in the rock. The green secondary copper mineral occurs along
joints and fractures and also as discrete grains throughout the
rock. Permeating copper bearing solutions have penetrated the
rock along bedding plane directions and the larger concentratiopn:
of precipitated copper materisl are frequently associated with
the coarser "lenses" of quartz.

P261/66¢ Wonoka Formation

This rock is a dark grey, strongly bedded rock with
a layer of light coloured travertlne—llke material on the :
weathered surface.

In thin section the rock is a well bedded calcareous
limestone containing individual beds rich in detrital quartz,
feldspar and chlorite. These layers are irregular in thickness
and in distribution. Grain sizes reach a maximum of 0.065 mm;,
on the border between silt and fine sand sizes. Grain boundarie:
are wBually angular and often indented from partial replacement
by calcite.

The calcite grains in the interlayered carbonate
bands are of g similar size to the quartz detritus and have a.
xenotopic fabric (anhedral crystals?.

Accessory amounts of dolomite grains and opagues
are also present.

P262/66: Pound anrtgité: Lower member

This rock is chocolate~red in colour and reasonably
well bedded.

In thin section quartz is the main constituent but
both feldspars, mica, accessory opagues, zircon and tourmaline
as well as numerous deeply iron stained detrital clay aggregates
also gre present in the sample.

Hematitic(?) iron oxides coat most of the detrital
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grains which are rounded to sub-angular in shape and average
0.08 mm in diameter (maximum size 0.3 mm)e The rock is then
clagssified as a fine-grained feldspathic sandstone. .is well as
the relatively minor amounts of clay the rock is cemented with'
silica overgrowthis on the iron coated grains. However porosity
remains relatively high due to weathering of the cement and clay
minerals. :

P263/66: Pound Quartzite: Middle Member

"o, g

The hand specimen of this rock is light buff in
colour, relatively massive and minutely speckled with white
opaque grains.

In thin section the rock is a well sorted, fine-
grained protoguartzite in which clay aggregates form a signi-
ficant portion of the rock (5 to 7%). Trace amounts of clay or
white micaceous minerals have developed along grain boundaries
after secondary cementation of the guartz-rich rock by silicu
overgrowths. However the rock is relatively porous due to
weathering of the clay content.

Accessory anmounts of muscovite, .tourmaline, zircon
and opagues are also present.

No bedding features are evidente.

P26L/66: Pound Quartzite: Upper Member

In hand specimen this rock 1s of similar colour to
P263/66 but has a well bedded texturec.

The thin section consists of essentially identical
detritus to P263/66.but the grains are poorly sorted and the
degree of rounding varies considerablye.

A vague suggestion of graded bedding is evident but
other bedding features are absente.

The largest quartz grains belong to the medium sand
size range. Clay aggregates are not as common as in P263/66 and
accessories are virtually absent except for an odd grain of ‘
zircon, tourmaline and rutile.

- The rock is classified as a fine to medium-grained

orghoguartzitg. :
P265/66: Cambrian: Ajax Limestone ‘

This rock is a somewhat iron stained grey oolitic:
limestones. ' '

In thin section it is seen that the oolites are
generally dolomitic although some secondary calcite partially
replaces oolites and interstitial dolomitec material. The rock
is actually an oolitic dolomite containing frequent interstitial
detrital grains of gquartz and potash feldspare.

Detrital grains reach a maximum grain size of 0.5 mm .
while the oolites have a range of diamcters from 0O.11 to 0.75 mm.
Crystallization within the oolites is concentric rather than
rgdial and the crystallinity of the oolitic material is much
-less coarae than the interstitial carbonatee.
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In genecral less than 5% of the rock is detrital
quartz and feldspar but bands rich in non-carbonate material
contain up to 30% detritus. Calcite, as well a3 replacing dolo-
mite in the oolitzs in preference to the matrix, also occurs .
associated with iron oxides in fractures in the rock. Calcite,
although unevenly distributed, forms approximately 25% of the
rock. On a large scale a certain degree of packing of the
spherical oollte bodies is evident although sorting is relatively
poor. ;

Pg§6466: ngbrian: Ajai Limestone

This sample is a darkigrey, iron-stained crystalliqe

carbonate rocke Numerous. vuggy areas are present in the sample
due to weathering after fracturing.

In thin section the rock is a finec-grained, :
xenotopic (anhedral crystals) dolomite. Cross fractures contain
iron-stained recrystallized dolomite grains as well as occasion-
al calcite grains or simply voids. Calcite forms less than 3% '
of the overall volume of the rock.

Accessory grains of fine sandy quartz and feldspar®
are also present in the sample.

P2EL/66: Cambrian: Ajax Limestone

[
.

This rock, in hand specimen, is a dirty brown
colour and quite heavily iron-stained.

The thin section has been cut across a marked tex-
tural variation in the calcareous, dolomitic limestone. In hand
specimen, after staining for calcite, it is casily seen that
three different portion of the rock contain different quantities
of calcite, The fine-grained portion is xenotopic (anhedral) !
dolomite which, across an iron-stained stydolifio boundary, change-
abruptly to a slightly coarser grained hypidiotopic (subhedral).
dolomite with minor amounts of interstitial calcite. This :
material once again changes abruptly at another styloiitic
boundary to a calcite rich matrix enclosing idiotopic (euhedral)
dolomite crystals. These crystals exhibit growth zones delinca-~
ted by iron oxide coatings.

All these various changes occur over a distance of
a few centimetres., The stylolites are essentially iron oxidesg
but secondary calcite, which has been introduced along cross—
cutting calcite veins, is common. Iron staining of random
fractures in the rock was also observed, ' '

P268/66: Willouran:; Hematitic Quartzite

This rock is a very dense hematitic quartzite which
is a deep red-black colour in hand specimen. '

The rock is a hematite-cemented protoguartzite.
Individual gr.ins are well rounded but very poorly sorted, the
sizes ranging from silt to coarse sandy material.

Other than quartz (85%) and hematite (15%) there
"are only accessory amounts of muscovite,

48 well as the hcecmatite coatinzs the rock is also
partly cemented by silica overgrowths.

FPractures through the rock now contain recrystall-
ized quartz grains which are usually optically continuous with
adjacent grains in the body of the rock.
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P271/66: Black Feather Vein: Black Fcather Mine

4

In hand specimen this sample is a very dark brown
carbonate rock,

The thin section consists essentially of heavy
dendritically iroh<stained calcite.

Small fragments of 31ltstone are present as detrital
constituents and secondary quartz is found in cavities in the
rock. Recrystallized calecite also occurs in some cavities and
in veins transectingthe rock. :

Approximately 60% of the rock is coarse-graincd
calcite 30% iron oxides or hydroxides and the remainder is
detritus or secondary silicates,

The opagque minerals consist of goethite and minor
acicular hematite crystalse.

p272/66:  Black Feather Vein: Harvey's Return Mine

This rock is mottled in appearance with white
crystalllne material interfingering with dirty brown carbonate
material.

. The thin section of the rock consists of heavily
iron-stained (dendrites) calcite as in P271/66 but any infilled
fractures and non-carbonate material is gquartz.

Crystals of guartz up to 4 mm in length have grown
in situ in the cowme-grained carbonate rock and at a later stage
have been somewhat strained. 4Although irregularly dlstrlbuted
these crystals now form approximately half of the rock.

The opague iron minerals in the rock consist of
goecthitee.
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APPENDIX II

Record of Salinity of Borngpd Well Waters,

Name Depth  Date Salinity Renmarks
Sampled in pePréile T

(locations of bores and wells are shown in figure 10).

Afghan Well Lo! 1951 1492 On southern bank Warrioote
Creek., Sunk in low dip-
1964 1306 ping strata of Wonoka
. Formation at southern
1966 1515 edge of Beltana Diapir.
Beckman's Bore 120 1951 L4507 On creek bank. Sunk in

Tertiary sediments in
Becltana Sub-basine.

Beltana HeS. Well - 1966 1770% On southern bank Warri-
and Bore ‘ .- -~ oota Creek. Sunk in low
' dipping strata of Wonoka
Formation at southern .
edge of Diapir.

Bltter Springs 130 1951 5768 Near creek banke
Bore 1960 5577 Sunk in Tertiary sedi-~
1966 5685 ments of Beltana Sub-
basine
Breakfast Time - 1951 L7 On creek bank in Beltana
Bore Sub-basin., Salinity
1966 no sample mcasurement is for

adjacent shallow well .
(29') now abandoned.

Gap Well 200 1951 - good Abandoned. On creek in
' stock Lake Torrens Basin on'
water west side of Ediacara
Range.
Government Well 2L 1942 2018 Probably located near -
site of old railway-
1964 1829 station bgge, Beltana
-towne 19 measurement
L]
1966 3170 is for this bore. ;
Hunter Spring - 1966 L700% Built on natural spring
Well at base of ABC Range
Quartzite.
Mickey Well 55 1951 5788 On creek bank in Bcltana
Sub~basin near lite.
1966 6670 Michael range.
Moorillah Station - 1966 4555. Sunk in Brachina silt-
Well gstones in the Flinders
Ranges.
Nursery Well - 1923 3821 In ereck complex. Sunk
(Millya Millyana) 1926 2525 in Tertiary sediments of
1954 5474 the Beltana Sub-basin.
1966 no sample _
Pigeon Bore 174 1951 3157 Near crecek on western
1960 35L6 side of Mt. Michael rang:
1966 3730 In Tertiary sediments of
Lake Torrens Basine
Sunk _in

Post Office Well =~ 1966 2155% Nr,_ creek bank
_ alluvium overiylng Wono-
ka sedimentse.
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Prelinna Well

Puttapa H.S., Well 90'

and Bore

Puttapa Spring

Railway Well

Red Range Bore

Red Range Well
St. Keynes Bore

St. Keynes Well

Sundown Bore

Teatree Well
Walter's Well

Warricota Stock
Well

Warrioota 0O.S.
Bore

Dentﬁ

? 40

59

203

222

39

30

66

120

West Paddock Bore 515

Winnowie Bore

Winnowie Hut
Well

ML e et

160

35

-75_

Datc
Sampled

1966

1946
1952
1966

1966

1966

196
1966

1966
1926

1926

1926

1951
1966

1966

1966

1951

1960
1966

1966

1925
1925

1951

Salinity
in parts
per
nillion

3530

2431 %
2420
2755

2355

1830

2386
2685

2900
8030

7170

1778
1774
1955

1470

3530

5914

10225
105L5%

7145

salt

L4790
10172

2339

Remarks:

On creek bank. Sunk in
Bunyeroo shalcs nr. semi-
permanent spring.

Necar Creek bank, Sunk in
Bunyeroo shales possibly
tapping ABC Range Quartz-
ite aqguifer.

Bore drilled in bottom
of well 56' deepe

Permanent Spring on
Puttapa Creek at contact
of Diapir and country
rocks %Wonoka Formatlon)

In Bunyeroo shales in
foothills of Ranges.

Edge of range. Water
possibly dammed against
fault .

On creek bank at southorn
end of Red Rangec.

Disused. Probably 1ocaﬁed

near 8t. Keynes Dam,

" 1. 1" 1. nooan

In middle of plain sunk
in Tertiary or Quater-
nary gravel beds w1th1n
Beltana Sub-basin.

In Bunyeroo shales ad-"
jacent to fault.

In creek within Fllndcrs
Ransese

On creek bank sunk in
Tertiary or Quaternary
sediments of Lake
‘Torrens Basin.

On creek bank probably

in Tertiary or Quater-
nary sediments, at east-
ern limit of Lake
Torrens Basin. '
Disuscd., Ixact location
not known; approximately
three miles west of Mte.
Michael, in Lake Torrens
Basin.

Disused. On west side
Beltana Sub=basin nre.
Winnowie Hut.

Disused. On creeck bank on
western edge Beltana
Sub~basin at Winnowie
Hut,
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Name Depth  Date - Salinity Remarks
Sampled in_parts
QCI‘
million
Winnowie Stock 30! - - Disused. North bank

Warrioota Crceck south
of Randell's Lookoute.

Note: Maximum acceptability for sheep feeding on saltbush is
given as 10,000 ppm (700 grains per gailon) in the Mines
Department's "Groundwater Handbooks (143 ppm =1 grain

per gallon).

% indicates tank or tap sample only.



APPENDIX IIT

Edited reports by Drs N.He Ludbrook on samples of
Nilpena Limestone from the Beltana 1:63,360 map arca. The
localities from which the samples were taken are shown in fige. u.

1. Samples cubmitted by B. Lecson. Date 5th January, 1966.
Locality:- Beltana 1:63,360 geological mape

Samples ;= BL 191/65 = 1 milc due south of Winnowie Hut
BL 1 92/65 - t: it i t it 1t "
BL 193/65 =~ 1 mile south of Randell's Lookout
BL 1 9L|./65 - 1" " i " 32 "
BL 195/65 - 1t " " th . i
BL 203/65% - At Nilpena H.S. (Parachilna

1:63,360 map area).

1 mile west of Mount James.
" " it 1! i . (14

BL 20.4/65
BL 205/65

The specimens are of freshwater, lacustrine limestone
containing a few small gastropods. They appear to be close to
the Recent Rivisessor pattlsoni (Cottong which has a wide distri=-
‘bution in South Australia in rivers, creeks, pipes and reservoirs.

2. Samples* submitted by R.P. Coats. Date 19th September, 1960
Locality; % mile east of Nilpena H.S. (Parachilna 1:63,360.
map area)e

Details: Collected from outérop.

B1, B3 upper horizon
Bh, B5 lower horizon, 50ft. below B1, B2, B3.

Specimens B1, B2, B3 from upper horizon and B4, B5 from
lower horizon are of limestone containing moulds of small gastro-
pods 3-=5 mm high. It has not so far been possible to identify -
the gastropods which have some features in common with nggg;;g
which inhabits salt lakes,.

However, as Coxiella species in Australia range in

average height from 7 mm to 14 mm, they are more than twice thé
size of the fossil specimens. :

The limestone is regarded as of lacustrine origin, th
no information is at present available tc date it precisely. §

# Not shown on fige. U
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