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GEQLOGY OF THE ORROR0OO
12250,000 MAP AREA

ABSTRAGT

An essentially unmetamorphosed sequence of
Upper Proterozoic Adelaide System recks has been
folded into a parallel series of north and northeast
trending folds in the Orroroo map areae Rocks of the
Adelaide System are upto 50,000ft. thick and include
sediments of Willouran to Marinoan age. Marked facies
changes ocour from west to east in the Lower Marinoane
Lower Gambrian rocks occur in the keels of tightly
folded synclines in the northwest of the survey area
and Triassic beds are preserved in two small basins
southwest of Cradocke Lacustrine Tertiary sediments
ocour at depth in the Willochra and Walloway Basinse

Willouran rocks have been forcefully emplaced
into upper Adelaidean sediments in several places
in the survey areca. Some of these piercement struc-
tures were contemporansous with sedimentation while
others were intruded after the main Lower Palaeozoic
orogeny. Copper mineralisation in the vicinity of
these struectures is probably associated with basic
igneous rocks which have intruded the piercement
breccias.

Mineral production from the area has been smll

end mainly limited to iron flux, copper and gold,
mined towards the end of the 19th Gentury.

INTROD UCTION

The ORROR00 (iee+ Orroroo 4:250,000 Sheet) area is situated
in the upper north of the settled part of South Australia, partly in the
Flinders Range Province snd partly in the Mts Lofty-Olery Province.
Longitudes 138%0" and 139°30' east and latitudes 32°00% and 33°00' south
bound the area, which covers approximately 6,000 square miles,

Up to 50,000ft. of strata belonging to the Adelaide Sy_gtem
and ranging fram the Willouran to Marinoen Series have been @ppﬁ in the
aress Rocks belonging to the Cambrian System and two small basins of



strata belonging to the Triassioc System occur in the northwest. About 50
to 60 per cent of the total area is occupied by oubcrop of these rocks.

Mapping of ORROROQ was started by R.G. Mirams in 41963 as part
of the Geological Survey progremme of mapping the Adelaide Geosyncline on
1:250,000 soale. Two 1:63,360 sheets, Willochra and Quorn, had been mapped
previously. W.B. Robinson spent three months mapping on the Koonamore,
Waukaringa and Paratoo sheets late in 4963, In May 1964, P.J. Binks
commenoed mapping on the Paratoo sheet. Mirams completed the majority
of the Nackara, Peterborough, Melrose and Wilmington sheets in 4963-1965s

Be Leeson mapped part of the central area of the Waukaringa
1:63,360 Sheet during one month's field work in 1964s K. Yong spent six
months durdng 1965 mapping in the mid-north of ORROR0OO, two months of which
were spent mapping the eastern half of the Garrieton sheet at a standard
suitable for publication at a soale of 1:63,360. . provisional one mile
Carrieton sheet and a repart (Yong 1965) was prepared by Youg in October,
1965

In November 1965, B.G« Forbes began re-examining the Burra Group
on ORROROO in order to correlate rock units in the area with units in the
type section on BURRA. In 1966, B.Ps Thomson, who has visited the erea on
several occasions, recognlzed rocks of the River Wakefield Group on the
eastern limb of the Pekina Syncline and in the core of the Garrieton Anti-
clina. Forbes (1966b) has since sub-divided the River Wa.k'.e;f'ield. and Burré.
Groups on ORROROQ and is responsible for desoribing these sequences in this
report. GCompilation of the map was by PeJe Binks. B.P. Thomson was responsi-
ble for overall supervision of the mapping programmes |

Representative rock specimens of rock units in the Umberatana,
Wilpena and Hawker Groups have been described by A.Be Simpson (1967).
Seleoted descriptions are included in Appendix I of this report together
with other descriptions by petrologists of the Australian Mineral Development
Laboratories.

The Broken Hill-Port Pirie narrow-gauge railwey line crosses
the =moutheastern quadrant of the sheet s and the former main north line to

Leigh Creek and Alice Springs (narraw-—ga.uga) runs north through Peterborough,
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Orroroo and Quorn., The Port Pirie~Broken Hill line is currently being re-
placed with standaxd-gauge to complete the transcontinental standerd-gauge
linkages Several diversions from the old line are being made; ‘the standard-
isation is expected to be finished by late 1968.

With the opening of the standard-gauge line from Port Augusta
to Alice Springs in 1956, the Peterborough-Quorn line was only used for
local traffic, and the line from Port Augusta to Quorn through the Pichi
Richi Pass was closeds The Quorn-Hawker narrow-gauge line is kept open for
the transport of barytes to the S.ide Barytes works in Quorn. . narrow-gauge
branch line from Gladstone to Wilmington via Booleroo Gentre and lMelrose is
still in use,

Two north roads, one viae Melrose, Wilmington and Quorn, the other
via Orroroo and Carrieton, and the northeast road to Broken Hill are the
main roads through the area, The north road vie Quorn is bituminised as
far as Wilmington and a current programme of sealing the road from Quorn
to Hawker, to provide a sesaled road between Adelaide and Hawker, is in pro-
gresss The north road via Orroroo and Garrieton is sealed cs for as Orroroo,
no further bituminisaetion of this road is envisaged For some years. The
Broken Hill roed will be completely sealed by 1968, and only a few stretches
of dirt road remsim.

Other roads in the area, particularly in the west and central
areas, are nearly all well graded dirt tracks and access is goods BEBastern
areas are not so readily accessible, especially in the northeast, though
good station-tracks enable a two wheel drive vehicle to get o most places.
A four wheel drive vehicle is necessary for some of the tracks in the h:.'lly
areas and also for some of the ocountry not served by station tracks in the,
northeasta

Poterborough is the largest town in the ares with e populetion of
ebout 3,500, Orroroo end Quorn are similar in size with epproximataly 1,060
inhabitants, though Quorn's population was larger before the diversion of
the main railwey line in 1956 (in 1954 the populetion was 1,806; in 1961 it
had decreased to 1,163). Booleroo Centre, with a pepulation around 700 s is
®ext in importance followed by Melrose, Wilmington and Garrieton. Cther

townships with very small populations include Pekina, Bleck Rock, Tarcowie,
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Hammond, Cradock, Morchard, Murrey Town and Oodlawirrae.

Sheep raising is the main industry in the area, though wheat
production is important in the southwest. South Australian Railways empldy
a considerable number of men in the railway yards and workshops ot Peter-
borough and a few others at Quorn, Wilmington, Melrese and Garrieton. S.h.
Barytes Ltd. employ about a dozen men at Querns Local councils employ men,

rarticularly for the maintangnce of roads.

FREVIOUS WORK

The first recorded visit of a gedlogist to the area was in 4860
when A«R«Ce Selwyn, the Govermment Geclogist of Victoria, passed through the
area in the company of G.A. Goyder, the Surveyor General of South Ausiraliae
Selwyn noted basic intrusives at Melrose and suggested the possibility of
artesian water in the Willochra Basin (Selwyn, 1860).

Howohin was the first geoclogist to study the area and the first °
to correlate strata with the Adelaide region. He recognised tillitic bed.sg
which he thought were of Cambrian age, at lits Grainger and Peterborough
(Howchin, 4901) and compared them with similar deposits in Sturt Creek near
Adelaide. In 1916 he mapped the Mt. Remarkable-Spring Greek ares (Howchin;
1916) and desoribed the sequence in detail., He correlated the quartzite ‘
forming the Mt. Remarksble Range with a quartzite underlying the tillite at
Adelaide (the upper quartzite in the Belair "group™). Above this q_uar’czité
he recognized the tillite, Tapley's Hill Slates » Brighton Limestone and
"purple slates series", Howchin proposed & series of strike faulis to
increase the thickness of the quartzite as he did not conceive that a
quartzite of this thickness (approximately 4,000fte) ocourred in the area.
Mawson (1947) later equated the lit. Remarkable Quartzite with the Emerco
Range Quartzite thus eliminating the need for the rather artificial striker
faults suggested by Howchine Howchin mapped many small, plug-like basic
masses intruding a highly orushed slate at the southeastern foot of the Mte
Remarkable Ranges In a later paper (Howohin, 1920) he refers to these
slates as a shatter zone probably resulting from a vertioal "thrust" move—

mente This "shatter—zone" is now believed %o be & diapiric structure.



-bh -

Howchin gives further descriptions of the Adelaide Series in the
Southern Flinders Ranges in a later paper (Howshin, 1928). He includes in
this esccount cross-sections and descriptions of the geoclogy in the Pichi
Richi Pass and Dutchman's Stern area, Spear (reek and Deep Creek, Baroota
Greek, Mt. Remarkable and Back Creek Gorge (Port Germein Gorge)s Another
paper (Howchin, 1930) gives an acoount of several features of the geology
in the vicinity of Orroroo township: Howchin refers to the Brighton
Limestone south of Orroroo but does not indicate that there are many lime-
stores which iens rapidly making it difficult to recognise this horizon
further south in the same structure. In a north-south cross=section,
through the Hlack Rock Range he shows several strike faulis to explain
Irominent scarp faces; no evidence of these faults was found in the course
of recent mapping,

The Mount Grainger, Pichl Richi Pass and Horrocks Pass arcas
have been mapped in detail by Segnit (1939). The Mount Grainger areca is of
particular interest as Jack (1913) had previously mapped the arca in the
vieinity of the Mount Grainger Goldfield and recognised two tillitic horizons.
Segnit did not aceept this concept and proposed a complex series of dip
faults and concentric strike faults to duplicate the tillite. Recent werk
has proved beyond doubt the validity of Jack's work; e more devailed account
of the area is given in a later section.

In the Pichi Richi Pass area Segnit correlated the gquartzite .
forming the Emeroo Range with the "Flinders Range Quartzité Series" (Pound
Quartzite). Mawson (19#7) disggreed with Segnit as he found magnesitic beds
immediately overlying the quartszite, thusmaking a conformable sequence under—
lying the Sturtian tillite. Mawson called this unit the Emeroo Range Basal
Rudaceous and Arenaceous Formation and correlated it with the gquartzites of
Mt. Remarkeble and the Bluff Range, east of Port Piric.

Segnit's work in the Horrocks Pass area is supported by the present
mapping. Among several of his observations thot have since proved important
are:= thin dolomitic hands within the Tindelpina Shale Nember of the Tapley
Hill Formation; massive siltstones with thin interbeds of breeciola limestone
in the upper part of the Tapley Hill Fomatién; and thin bands of dolomite

above the Brighton Limestone forming a passage into the "Purple Shale
Series".
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A small area in the mid=-north of the Yednalue Sheet was mapped
by Spry (1954 a) in the course of examining small basic intrusives in the
Worumbae region, Spry regarded an area cf crushed and folded phyllites and
dolomites intruded by small dolerite bodies as an upfaulted block, probably
equivalent to the Castambul Dolomite horizon. Dalgerno and Johnson (1966)
show this crushed zome as & diapir on PARACHILEA: the southern extension
of this structure has been mapped on ORROROQ. Spry regarded an cclitic
limestone above a blue=grey quartzite siltstons unit tc be the Brighten
Limestones This is not ascepted, as abundant red shalecs occur at the base
of thls quartzite siltstone unit to the southwest of the flanks of the
Uroonda Syncline. The petrology of the basic intrusives, which Spry
described as uralitised and saussuritised dolerites and basalts,v was dis-
cussed by Spry in another paper (Spry, 1951 b).

Possiliferous Cambrian beds were recognized by Daily (1956)

18 miles north of Quorn. Daily considered these beds tc be cxtensions
of the Cembrian rocks found by Howchin (1925) 20 miles to the north in
the Wilson~Kanyaka sreas.

In 1957 a party of students from the University of Adelaide,
mapping under the d:lrection of Kleeman, discovéred a small basin of Triassic
sediments 8} miles east of Gordon. Subsequent mapping end drilling by
the S.As lines Department (Johnson, 1960) proved a thickness of 1,00-3,000f+%,
of conglomerate, argillite, sandstone and cocal-measures. 4 water-bore
revealed another smell Triassic basin about seven miles south~southwest
of the latter area (Von der Borch, 1958).

Members of the Geology Department of the University of Adelaide
have carried out detailed mapping in an area to the west and northwest of
Quorne

Two 463,360 sheets, Willochra and Quorn, hawve been mapped by
the Geologieal Survey in the northwest of ORROROOs The Quorn Sheet was
mapped by Shepherd and Thatcher (1956) and a Report of Investigation on
the area published in 1959 (Shepherd and Thatcher, 1959)s The Willochra
Sheet was mapped by Webb and Von der Borch (1962); unf’ortunately no report
was publisheds Some alterations have been mde to the Quorn Sheet,

rarticularly to the east of the Willochra Plain where large sheets of
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Tertiary siloreted gravels and minor diapiric structurcs have been recogniseds
Tertiary gravels and ancther minor diapiric structure were found southeast of
Quorn townshipe. The Willochra Sheet, included on ORROROQ wi th little modi~
fication, was the first in the Geological Atlas of South Lustralia to show
diapiric structures.

Brook (1962) mapped an ares in the central part of ORROROQ, from
Tarcowie to Belton, for Gonsolidated Zinc Proprietory Ltde in their search
for phosphate rock during 1962 He mapped the known phosphate horizons in
detail but large areas were covered by phcoto-interpretation and some altera~
tions have been made, particularly in the Walloway area whore a ccmplicated
area of faulting has been reinterpretated as a diapiric zone.

Much has been written on the mines and mineral prospects of
the area, Brown (1908) in his "Record of Mines" gives the only combrehensive
account of the known mineral depositse Since Brown's work reports have been
confined to individual arease. Many reports by Mining Inspectors on the prc;-
gress of development at individual mines, especially at the gold workings of
the Waukaringa and Nte Grainger areas, appear in the Mining Reviews of the
SeA. Mines Depertments

Fairburn and Nixon (1966) have recently mapped in detail the
workings and surface geology of the Mt. Grainger Mine for Grainger Gold Pty
Ltds Wright (1966) mapped the Mt. Grainger Goldfield and surrounding area,
end discussed the mineralisation and mineral resources of the area for his
Honours Thesis at the University of Adelaide in 1966 |

4 report on the Prince Alfred Copper Mine, 29 miles northeast of
Garrieton, was prepared by Wade and Wegener (1954). Nixon (1960) revisitedi
the area to site a bore recommended by Wade and Wegener in 1960.

In the course of a radiometric survey of old nines, Summers
(4 953) gave a general appraisal of the Spring Creek Copper lMine, situated
seven miles south of Wilmington.

Whitten (1961) supervised drilling end prepared a report on the
Devil's Chimney Ironstone Deposit (located three miles sast of Yalpara
Station), after a recommendation for a diamond drill-hole by Crawfard (1955)

L report on the Paratoo Copper Deposit was preparcd. by Nixon

(4 965) after a request for geclogical edvice by &ls ctre Winning Prope Litde
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A more recent classified report has been prepared by Blissett (4 966) o

Much investigation for nonemetallic minersls has been carried out
in the area. dJohns (1963) has fully outlined the magnesite deposits cccurring
in Torrensian rocks at Seltia and Port Germein Gorge in the Flinders Ranges
Phosphate deposits on the Orroroo Sheet have been summarised by Jack (4919)
and Brook (ops oits)e

Hiern has prepared a number of reports on road-metel and ballast
d.eposifs for the Highways Department and South Australian Railwayss: Hiern
(1966) has prepared a reconnaissance map of the Peterborough district showing
various stratigraphic horizons with potentiasl interest as ballast depcsitsa
&n earlier report (Hiern, 1964) slso approaches the problem of finding
ballast and road metal from stratigraphic and structural principles.

Many reports have been written onh individual groundwater prospects
in the region but only two areas; the Willochra Basin (0'Driscoll 1956) and
Welloway Basin (Sprigg, 1950) s have been assessed on a regional scales

A recent paper by Twidele (41966) discusses the geomorphology and
denudation chronology in and around the northern pert of the Willochra Bagin
in the nofthwest of the survey areas Twidale has established units in the
Gainozoic sediments of the area, the status and use of these units will be;
discussed in a later section on stratigraphye. \

An airborne magnetic and radiometric survey of ORROROQ was carried
out in 1965 by the Bureau of Mineral Resowrces. Tipper and Finney (4965)
prepared a report on the survey which includes plans showing total nagnetie

intensity profiles and radiometric profiles.
PHYSIOGRAPHY AND CLIMATE

Rellef of the QRROROO area is subdued compared to that of the
Northern Flinders Ranges and consists essentially of rounded hills and ranges
separated by broad, alluviated valleys. Somewhat highor and starker relief
occurs in the Flinders Range along the western margin -~f the sMey area,
particularly north of Quorn, where resistant quartzites dominate the topo~
graphy with high ridges and cuestas. In the west the ranges are orientated

in a north-south fashion, while in the east they swing round to the northeast
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and east reflecting the pattern of the major structurese Generally, relief
varies between 4000 and 2000fts Mt’. Brown is the highest pcint in the area
at 3166fts above sea level.

Low lying alluviated areas separating the ranges arc showm on
Pige 2. The Willochra and Wallowey valleys are comuonly refcrred to as
intermontans basins as they are encleosed by comparatively high ranges of
hills, To the north and east the Sicous, Kconamore the Nackara drainage
systems form large areas of flcod plain;

A1l the oreeks except a few in the southwest are ephemeral,
Seasonal lakes are looated west of Koonamore Station, these are usually
dry, though the western lake often contains fresh water after heavy rains.
Gypseous deposits (kopi) derived from evaporating waters, emd.blovm by pre-
Qailing westerly winds glong the eastern margins of the lakes, suggest 'that
consideratle quantitles of water have reached these lakes. Watersheds divid-
ing the major drainage systems are shown on Fige 3 |

The Willochra Creeck system forms the largest drainage basin,
draining the western part of the ares northwards to Lake Torrens. Apart from
the Siccus River which dreins a small arsa in the north to Loke Frome, and
drainage southeastwards to the Murrey Plains from the southeasitern area, the
rest of the drainage of the area is internal. The Koonamore system drains
most of the ecastern half of the area north to the Koonamore Lokes. Lerge
creeks including the Nackara, Buttamuck and iukra Greeks in the south of the
basin, flow north before diverging into many separate water cocurses, which
finally reach the lakess The Siccus River may have drained the Kconamore
Basin at some time in the past as the terrain separating the river bed from
the lakes is quite flat and consists of gravels and sands of possible |
fluvigtile origin.

Drainage within the Walloway Basin colleets in o flat depression
about twelve miles northeast of Orroroo, from where it drains via Hillpara
Oreek into the Koonamore drainage basin. Hillpara Greek has out back through
prominent ridges of quartzites and tillites of the Torrensisn and Sturtian
Series, to capture the drainage of the Walloway Basin. The creek has taken
advantage of a small fault to cut through a very hard ridge of quartzite,
and probably linked up with crecks cutting back from the Walloway side of the

ridge, to produce quite a deep gorge through the ridgo.
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The highest rainfall occurs in the southwest, where high winter
rainfall in the Flinders Range gives averages of over 20 inchcs per je ar.
(Melrose 22,80 inches peas)s Rainfall drops off sharply to the east,
Booleroo Centre, 412 miles east of Melrose, has cnly 15,15 inches per annum.
In the northeast of the area average rainfall is only 8 inches per annum,
(Koonamore 7.61 inches Degs)s The pronounsed winter maximum of the
southwest becomes less evident to the northeast and has no influence on
the annual rainfall at Kconamore, Fige 3 shows ischyets and average annual
and monthly reinfall for fourteen recording stations on the areae

Average maximum temperature for January varies between 85°F and
9001?, while the average minimum temperature for July varies botween 35 F
ard 40%F. Maximm temperature increases to the north and cast but the
minimum temperatures ere higher in the west due to the molicrating effect of

Spencer Gulf,

STRATTIGRAPHY

The QRROROO area lies in the central mmrt of the Adelaide Geosyn=-
oline and consists almost entirely of rocks belenging to the upper Proterozoic
Adelaide Systeme Upto 50,000ft. of strata balonging to this system hove been
mapped in the area, Lower Gambrian rocks, outoropping in the keels of syn-
clinal struotures in the northwest of the swvey area, overlie the Adelaidean
with apparent confomity, After the Lower Gambrian the next r;accrﬁ of sedi-
mentation on QRROROO ocours in the Triassic when lacustrine sediments were
deposited in intermontane basins southwest of Gradook (Springfield and Boole
cunda Besins), Lacustrine deposits of Tertiary age are present in the
Willochra Basin and probably at depth in the Walloway Ba.sin. Dissected
Pleistocene gravels s frequently calcreted and underlain by mottled olays s
cover large areas in the north of the Willoohra PFlain and in the southeast of
the srvey area. Large areas of Recent alluvium in drainage channels and on
flood plains, and colluvial deposits flanking cuterops, occur in the area.
ALl these rocks are essentially unaffected by metamorphism, theugh low grade
regicnal metamorphism (biotite, chilorite, sericite) has taken place in the
Adelaidean rocks in the east of ORROROO adje.ﬁent to the Olary Region.
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Thicknesses of rock units used in the fellowing sections have
been caloulated from serial photographs. Nemes of structurcs are shown on

Fig- bee

Adelaide Systen

The Adelalde System was divided into the following ascending
time~rock units by Mawson and Sprigg (1950):~ Torrensian Series, Sturtian
Series, and Marinoan Series. Later Sprigg (1952) included the Willouran
Series as the lowest unit of the Adelaide Sytem,

Daily (1963) proposed thet the time-rock torms of the Adelaide
System and acoompanying Series should be replaced by the following rock-
stratigraphic terms:~ Adelaide Supergroup; Torrens Group; Sturt Group
and Marino Group. Members of the Gedclogical Survey of Scuth Australia
(Thomson et al 196k) established another rock=-stratigraphic subdivision
of the Adelaide System. Rock groups set up were, in ascending order:=-
Callanna Beds; Burra Group; Umberatana Group, and Wilpena Group, Time-
rock terms of Mawson and Sprigg were retained for desceriptive purposes and
a oorrelation chart was compiled showing relationships of {ime-rcek and
reck stratigraphic unitss Rock groups conformed to the Series terms except for
the Unberatana Group which extended intc the Marinoan to avold the difficult
. mapping boundary between the Sturtian and Marincan Series over the large areas
covered by 1:250,000 scale sheetse

Forbes (1967a) has recently pointed out the anomaly of including
an angular unconformity at the base of the Appile Tillite within the Umbera-
tana Group and suggested that the base of the tillite should be taken as the
base of the Umberefse Group, Because of this anticipated. revision of the
Unberatana Groups, units below the Appila Tillite which were included in the
Unberatana Group on BURRA are placed in the Burra Group on QRROROO.
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Gallanna Beds

No rocks of the Willouran Callamna Beds outerop in sequence on
the greater part of ORROR00, though they do occur in sequence below the
basal quartzite of the Burra Group (Rhynie Sandstone) in an anticlinal |
structure immediately west of Gladstone in the northwest of BURRA ond at
Depot Creek on AUGUSTA. In the extrems northwest ocorncr of the ORROROU
area there is a faulted sequence of ?Callamne Beds (sandstone and shale),
too thin to be represented on the mape Highly brecciated and crushed rocks,
believed to be Callanna Beds, have been forcefully emplaced into younger
rocks of the Adelaide System in diapiric structures at several places on
ORROROOs Rook types ooourring in these structures will be diseussed in the

section on diapirse

The Nelshaby Sandstone and Wirrabars Formation have been pre=~
viously defined as units in the Callamna Beds (Miranms in Thomsen et al 1964) .
Mirams established these formations in the Bluff Range east of Port Pirie and
olassified them as Willouran age on BURRA (Mirams, 1964). Forbes (1967b
and this report) has révised this correlation and now believes these "forma-
tions" to be local members of the Rhynie Sandstone and has not differentiated
them on QRROR0Os

River Wakefield Group

This term is used for siltstone~carbonate-quartzite sequences below
the Rhynie Sandstone equivalent 3 such sequences are exposed wost of Yatina,
southwest and north of Carrieton and northeast of Belton. The term Gallanna
Beds is not used mainly because of the presence of carbonote rocks in the
upper part of the succession. In the Orroroo rogion the River Wakefield
Group presents & much less netamorphosed eppearance, and a greater thickness
is exposed, than in its type area in the Clare distriet (Wilson, 1952;
Forbes, 1964).

These rocks of'ten occur in low, b‘are hills or in hills with malle-
type eucalypts where carbonate-richs
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A sequence comprising about 2,400f't. of siltstone, dolomite and
quarb.sita are exposed in the eastern edge of the hills west of Yatinaes The
lower half of the sequence, the base of which is nov exposed, is mainly
quartzite, partly laminated and feldspathic, with minor silistone and
dolomite interbeds. The overlying interbedded grey siltstone and dolomite
is capped in one place by & grey laminated dolomite, containing dark chorty
blebs, resembling the Benbournie Dolomite (top of the River Wakeficld Group
west of Clare).

A thicker sequence of about 7,000ft. may be seen scuthwest of
Carrieton in the Garrieton anticlines Lowermost rocks oxposed are dolomitic
arkose overlain by dark grey cherty dclomites and qu?:r"hzi'i;es strongly re-
sembling the Skillogalee Dolomite of the Burra Group. The dolemites also
resemble the Blyth Ddlomite Beds, to which they may be equivalent. The
overlying sequence is composed mainly of grey siltstone and dclomite. The
uppermost 4,300fts is more quartzitic and includes a prominent feldspathio
quartzite, possibly equivalent to the Ingomar Quartzite.

& broadly similer succession of about the same thickness
(6,100£t.) may be seen in the Yednalue anticline northeast of Belions Tt
1s 8ifficult to make close corrolations with other arcas, but there is again
near the base of the sequence dark cherty delomite pessibly equivalent to the
Blyth Dolomite Beds.

4bout four miles southwest of Johnburgh and scutheast of B0laddie",
there are grey laminated siltstones end dolemite tentatively equated with
the River Wakefield Groups Some quartzite essociated with these beds have
also been shown on the map as units of the River Wekefield Group, but they
could be included in the Rhynie Sandstons of the Burra Groupe.

Burra Group

The Burra Group, originally defined in the Leasinghan area
north of Auburn by Mirems and Forbes (Thomson et aly, 1964, ppe 5-7) has
been mapped most extensively by R.Ge Mirams (1964) on BURRA. As shown on
BIRRA, the Burra Group extends from the base of the Rhynie Sendstone to the

top of the Saddleworth Formation, However, because of an anticlpated



rovision of the Burra Group to correspond to the sequence fromthe base of
the Rhynie Sandstone to the base of the Appila Tillite, ORROROO portrays this
revised version of the Group. The rewised top of the Burra Group is in
places an angular unconformity anmd probably corresponds ¢ the base of the
Umberatana Group as defined by ReP. Goats (Thomson et al, 496k, ppe7s 8)e

An average velue of exposed thickness of the Group is about
15,000£t., but there are considersble variations in thickness through lenti-
cularity of units and erosion prior to deposition of tho Appila Tillite.

The lower units in the Burra Group, Rhynie Sardstone to Undalya
Quartzite, are generally more readily recognized than the upper part of the
Sequence as perhaps may We inferred from the uncertainties exmressed in the
reforence column of the mape

Some typicel sesquences are shown in Flgure 5.

Rhynie Sandstone

The Rhynie Sandstome (Wilson, 1952, ppe 435-136) commonly forms
prominent rough, wooded ridges of feldspethic quartzite (sp. 4 and 2)* with
shales and, in places, minor dolomite rocke It overlies siltstone a,né. sand~
stone of the Cellanna Beds or siltstone and dolomite of the River Wakefield
Group, and is overlain by the usually distinetive Slkillogalee Dolomite.

Pormations considered to be equivalent tc the Rhynie Sandstcne
are the Emeroo Quartzite or its upper part and the Yednalue Quartzite (Spry,
1952, pe 10). The Nelshaby Sandstone and Wirrabara Pormation, defincd by
Mirans (Themson et al, 196k, pp. 18, 19) as units in the Gallanna Beds sre
now thought to be members of the Rhynie Sandstone., Thisrevision rasults .
mainly from the re-mapping of the area between Laura and Hughes Gap (northwest
BURR4) where siltstones and sandstones considered to be ecquivalent tc the
Callanna Beds are overlain by the full sequence of Helshaby Sandstone,

Wirrabara Formation and the upper part of the Rhynie Sandstone,

¢ Mumbers im brackets refor to desoriptions of thin-sections contained in
Appendix I, Locations of samples are shown on Pig. $0.
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Plate 1 =

Yednalue Quartzite (Rhynie Sandstone equi-
valent), in left foreground, about ten
miles NNE of Belton, Yednalue 1:63,360
area, looking north-east. Down slope to
the east of the high quartzite ridge,

are steeply dipping grey dolomite and
siltstone (in area of mallee eucalypts
near centre of photograph) and quartzite
(among pines) underlain to the east by
further siltstone, quaritzite and dolomite,
The dolomitic sequence is part of the
River Wakefield Group and is on the north-
west limb of the Yednalue anticline,
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The term Emerco Quartzite appears to be a contracticn for
Mewson's (1947, De 270) "Emer-o Range basal rudaceous and arenacecus forma=-
tion®™, and has been used by Spry (1952, pe 169) and on the published geo=~
logical sheets Willochra (Webb and von der Barch, 1962) and PARAGHTLNA
(Delgarno and Johnson, 4966), | -

Approxinately 2,400ft. of Rhynie Sandstone, coextensive with
the Emeroo Range beds of Mawson's type~section, are expcsed northwest of
Buckaringa Hill in the northwestern corner of the map area. The uppermost
1,200fte of quartzite are mainly pale grey, flaggy, laminated, medium-
grained and feldspathic; there are minor grey siltstone interbeds and in
places, at the base, some pink quartzite typical of the Nelshaby Sandstone.
Ripple marks and cross-bedding are displayede Below this, to the west,
are valléy-formjmg sof'ter grej and reddish laminated micaceous sandy silt-
stones anl quartzites. PFurther west, as far as the western edge of the
ranges, pink and pale grey quertzites are repeated by strike faultse.

In Port Germeln Gorge the Rhynie Sandstcone is composed almest
entirely of the pink Nelshaby Sandstone rock-type, which is cverlain by
about 200ft. of interbedded shale, red chert and quartzite equivalent to the
Wirrabara Formation and/or upper Rhynie Sandstone. Southeast of the gorge,
on the eastern limb of the Nelshaby anticline, the red chert ends in the
lower part of thev overlying Skillogalee Dolomite and appaars to be a loeal
si'l.icificatioﬁ accomp;a.nying some breceiation of the upper qﬁar'bzi'bes. Brown
or grey chert is present just below the top of the underlying pink guartzites
~ this is a silicified laminated siltstone. | Black heavy-mineral lamination
has been seen near the top and about 15200ft. below the top of the pink
quartzites, Lamination and cross-bedding are frequent throughout; some
oross-bedding is on a large scales Laboratory terms for these rocks (Smale,
1966) are argillaceous crthoquartzite, feldspathic quartzite and ark&se.
Orthoquartzites contain numerous white ergillaceous specks at least in part
resulting from alteration of miorocline and grains of igncous rocke Maximum
grain size is comméxﬂ.y about 0O.5mn,

Mawsen (1947, pe 28,) considered the thick quertzite sequence of
the Mount Remarksble range to be part of Iis Enerco Range sequencee 4s in

Port Germein Gorge, there is a lower, mainly pink, quartzite sequence (at
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least 2,600fts thick) with minor grey laminated siltstcne, which strongly
resembles the Nelshaby Sandstonee« This grades upward to the west into flaggy
pink and pale grey feldspathic quartzite (1 »200fte) without any significant
intervening silty beds similar to the Rhynie Sandstone or Wirrabara Formation
of the Wirrabara area. Heavy mineral lamination is apparent at intervals in
the pink quartzites.

Feldspathic sandstone in the core of the anticline south of
Booleroo Gentre is tentativels; correlated with the Rhynie Sandstone; it has
& mwinimum thickness of 800ft.

Northwest of Quorn the Rhynie Sandstone is at least 35,200ft. thick
in the faulted Quorn anticlines. About 500fte. of poorly outerepping laminated
siltstone, pele grey feldspathic quartzite and pink quartzite {very likc the
Nelshaby Sandstone) is underlain by at least 2,700ft. of pale grey feldse
pathic quartzite.

The sandy sequence named Yednalue Quartzite (Fige 5) is considered
to be equivalent to the Rhynie Sandstone and was first described by Spry
(1952, Ps 170) from near the northern edge of the map area about seven miles
northeast of Cradocke Here it is recorded as being 750fts thick and composed
of interbedded quartzite and shale, The shale contains interbedded carbenate
rocks, and this fact together with the position of the Yednalue Quartzite
immediately below the Skillogalee Dalomite, facilitates lithologic correla~
tion with other similar quartzite-—siltstone-dclomite formations.

Southeast of the type section, the Yednalue Quartzite is well
displayed around the Yednalue anticline. Here it is composed of two to tiwee
main ridge~forming clayey or feldspathic quartzite beds with intervening grey
laminated siltstone and dolomitee. The quartzites are pale grey or reddish
and have a maximum grain size of about 0.8mm, Thickness of the formsticn
varies from about 4 2200 to 2,300ft,

In the Carrieton anticline, the Rhynie Sandstene is about 500ft.
thick and is composed of feldspathic quartzite with minor grey dolonite and
siltstone. To the east, west of Johnburgh, it is about 2,000ft. thick.

West of Yatina, the Rhynie Sandstone is 2,500£t, thick and composed
of feldspathic and clayey quartzites s With intarbedded grey delomite, dolomite
breccia and siltstons.
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Skillogalee Dolomite

The Skillogalee Dolomite (Wilson, 1952, pps 136=139) only outorops
in the western half of the map area, where it is generally characterized by
& lower silty, quarts;itic, sequence containing light grey or cream dolomite
beds overlain by a more dolomitic sequence containing dark grey dodémite and
magnesite conglomerate bedse The formetion usually occupies hilly, partly
mallee=covered country.

Near Port Germein (Back Greek) Garge, southwest of Melrose, the
lower part of the Skillogalee Dolomite is about 4,000fte thick and overlies
the Rhynie Sendstone. It is composed of grey siltstone and very light grey
to oreanm dolomite with minor darker grey dolomite and quartzite. The over-~
lying sequence comprises ebout 2,300ft. of dark grey dolomite,‘brcwn-
weathering pale grey ddlomitic arkose, siltstome and pale grey magnesite
conglomerateas

South of Booleroo Gentre the Skillogalee Dclomite is possibly
present in the form of 300ft. of cherty grey dolomite near the core of the
anticline.

West of Yatina the formation is represented by pale groy dalomite
overlain by darker dolomite and dolomite breccla; thickness is about 4L50ft.

In the Garrieton anticline there are about 500ft, of groy dolomite,
siltstone and quartzite which may be equivalentto the Skillogalee Dolomite.

In the southwsstern part of the Quorn anticline thcré are 800ft.
of poorly-outeropping grey dolemite, chert and siltstone, and, near the
northwest corner of the map area, about 1 9500fts of dolemite, chort, magnesite
conglemerate, siltstone and sandstons, correlated with the Skillogalee
Dolomites

The formetion reaches its greatest thickness (about 5,4,00ft.) in
the Yednalue anticline. Here the greatest concentration of magnesite con-
glomerate beds is present above a prominent central ridge~forning feldspathic
quartzite member. Magnesite is also present in the Skillozalee Dolomite in
the Oladdie enticline and east of Cradock (described by Spry, 1952)e There
are old workings in the magnesitic beds 2} miles northwest of Johnburgh
(Segnit, 1940) anl in Port Germein Gorges



Undalya Quartzite

The Undalys Quartzite (Wilson, 1952, pe 440) is recognized as a
sandy unit overlying the Skillogalee Dolomite.

In the type seotion of the Burra Group the Woolshed Flat Shale
intervenes between the Skillogalee Dolomite and the Undalya Quartzite, but
has not been recognized in the Orroroo region. It is very thin or absent
over much of the Burra 1:250,000 area to the southe The Undalya Quartzite
is thus present near Part Germein Gorge as 600ft. of interbedded light zrey
laminated feldspathic sandstone and minor grey siltstene; o similar thickness
of possible Undalya Quartzite also occurs south of Beolerco Gentre. West
of Yatina it contains arkose and minor dolomlte and is about 750fte thicka
Near Quorn about 800ft. of coarse~ to medium~greined feldspathioc quartzites,
and in the northwest corner of the map area at least 600fte of laminated
dolomitis and medium= to coarse-grained. feldspathio quartzite, are overlain
unconformsbly by tillite and are correlated with the Undalya Quartzite. It
is possibly represented by about 30fte of siltstone and' feldspathic quartzite
above the Skillogalee Dolomite in the 0laddie anticline, but seens to be

generally absent from the central and northeastern part of the map arcea.

Auburn Dolomite

The Auburn Dolomite (Wilson, 1952, ppe 140~141) is a thick and
maltifarious sequence ocontaining dark and paie grey partly cherty dolomite,
greenish and grey siltstone (sps 5) and quartzite. It is distinguishable
from the overlying dark, fine-grained calcareous siltstones of the Saddleworth
Formaticn by the presence of quartzite and coarse-grained silistones,
However, it has been found difficult to make lithological cerrelations within
this part of the sequence either within the Orroroo region or with the type
section of the Auburn Dolomite. Further work may Jjustify a different nomen—
clature or raising of the Auburn Dolomite to the rank of subgroupe Because
of these uncertainties only twoe new formal units have been named here
(Cradock Quartzite and Minburra Q,uartzite) and these are named as formations

rather than esmneopbers of the Auburn Dolomite . equivalent.



Within the equivalent sequence in part of the Urroroo map area
one can draw parallels with the type .Jfimburn Dolomite =~ there is a lawer
siltstone=-dolonite succession, an intermediate sandy unit prcbably equivalent
to the Watervale Sandstone and an uppermost sandy unite

The Auburn Dolomite squivalent is well displayed near Gradoek in
the northern part of the map area and corresponds te Spry's ealcareocus silt-
stone (1952, pe 174)s Since the Undalya Quartzite has not been recognized
in the area, the sequence extends southwest from the top of the Skillogalee
Dolomite northwest of "Yednalue". The lower part occupies the bare hills
northeast of CGradoock, and is composed of interbedded grey laminated fines~
grained dolomitic feldspathic quartzite, laminated cross-bedded grey and
green~groy siltstone and silty dolomites Uncertainties of equivalence are
illustrated by the faot that BeP. Thomson (personal communication) would
correlate most of this silty sequence with the Saddleworth Formation (Thomson
in Thomson et al, 1964k, pe 18).

About 3% miles northeast of Cradock, the silty, d-lomitic sequence,
vhich is about 6,800fts thick, is overlain by light grey medium= to coarse-
grained laminated feldspathic and c¢layey quartzite (spe 3) with interbedded
siltstone and silty dolomites This is nared here the Gradock Quartzite after
the town of Cradock (late 32°4'S., long 138°29'E.) and is sbout 1,500fte thick
(460 metres)s The type section is shown on the map and runs from 3%t 3
miles northeast of Gradock. It is possibly cquivalent o the W&tefvale
Sandstone Member of the Auburn Dolomite,

The Cradock Quartzite is overlain by about 800fte of grey and
green=-grey laminated siltstons, grey dolemite, dolomite breccia, sardy
dolomite and quartzitee A little northeast of Gradock there succeeds the
uppermost unit locally in the Burra Group, & hard, pale grey, mediumwgrained
olayey quartzite about 50ft. thick. This quartzite is depicted on the nap
with the same symbol as the Minburra Quartzite, defined below, but equivalence
is by no means certain.

The upper part of the Auburn Dolomite equivalent is well displayed
east and northeast of Orroroo. The Gradock Quartzite outcrcps west of
"Treshaven' and "Yalpara" and is overlain by grey siltstone and delomite

and then a prominent ridge-forning quartzite (@« 4) named here the Hinburra
Quartzite,



The type-section of the Minbwrra Quartzite, named after "“Hinburra®
(1ate 32°26'S. longs 138°54'E.), is ton miles southwest of "Minburre® on the
north side of a track four miles west of "Yalpara". Here it is a hard,
siliceous brown-weathering cross-bedded quartzite approximately 4100fte thicke
It ocours to the south at Granite Top and east of there, where it is about
100fts thicke West of Minburra it is about 300ft. thick and overlain and
underlain by laminated grey dolomitic siltstone and dolomite. Siltstones are
coarse-grained and cross-beddal in part.

The Minburra Quartzite has been tentatively correlated with the
uppermost quartzite member of the Auburn Dolomite as mapped on BURRA because
of its prominence and because of the general absence of any cbviously coarse,
sandy siltstone of the Mintaro Slrle immediately above or below it However,
it differs from the usual feldspathic, mediumw=grained quartzite nembers of
the iduburn Dolomite and west of Mirburra is overlain by siltstomes not
greatly unlike those of the Mintaro Shale. It could thus be correlated with
the Leasingham Quartzite as depicted on BURRA.

Thin guartzite beds repeated by folding ncar the centre of the
Waukaringe anticline are temtatively correlated with the Minburra Quartzite.

In the anticline east of Oodlawirra the lowermost groy dolomite—
siltstone sequence has been named Nackara Dolomite by Mirams (in Thomson et
ale 196k, pe 18)s Within the silty sequence above this there is & thin
siliceous quartzite here correlated with the Minburra Quartzitee

The Bocleroo Gentre region displays a thick sequence (possibly
9,000ft.) of interbedded feldspathic or clayey quartzite and siléstone
pProbably equivalent to the Cradock Quartzite. This may be secn west of
Yandiah and northwest of Boclerco Gentre where quartzites extend up t2 2 bed
equated with the Mirburra Quartzite. Northeast of Boaleroo Centre the bed
shown as Minburra Quartzite is a pele grey medium-grained, feldspathic
quartzite about 30fte thick which is separated from the underlying Cradock
Quartzite by about 4,000ft. of grey laminated siltstone and d-~lomitee These
correlations with the Minburra Quartzite are again uncertaine

West of Yatina there are L450fte of dark grey cherty delomite at
the base of the Auburn Dolomite equivalents This is overlain by 1,500fte of

grey laminated siltstone and minor dolomite, then 50ft. of rale grey laminated
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Plate 2 =

The Burra Group near Yatina, loocking
southerly from the main dividing ridge
west of Yatina, In the foreground is
guartzite, possibly equivalent to the
Gilbert Range Quartzite, of the Belair
Sub=Croup, The base of the Appila
Tililite, Umberatana CGroup, not faxr above
the guartzite, is nesr the edge of
ploughed paddocks, upper vight., The nexs
ridge left of centre contains mediuvm-
grained feldspathic cross=bedded Quartzite
with Saddlevworth Foermation to the right of
it and Auvburm Dolomite to the lefi,
Wooded hills, upper left, contain the
Undalya Quarizite and Rhynie Sandstone,
lowernmoet formmtion of the Burra CGroup,
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oross-bedded mefliumwgrained feldspathic quartzite. This guartzite (sce
Fige 5) is shown as Minburre Quartzite on the map and is thc some as a
quartzite shown as Leasinghem Quartzite on BURRL near Mamnanaric. As has
beon suggested by B.P. Thomson (personal communication) it is more likely
that this quartzite is equivalent to the uppermost member of the fuburn
Dolomite because of its prominence and composition and because it is not
accomparded by sandy siltstone typical of the Mintaro Shale, which normally
flanks the Leasingham Quartzites

Saddleworth Formation

The Seddleworth Formation (Thomson, in Thomson et als 1964, pe 18)
is characterised by dark, fine-grainad; Jaminated pyrditic slate and calcareous
siltstone with minor dolomite and with the absence of quartzite or boldly-
outeropping coarse-grained siltstome which are typical of the overlying
Mintaro Shale. It thus appears in nmany a.réas as an intermediate siltstone-
dolomite sequence betwsen the Minburra Quartzite end Mintaro Shale. If one
viewed the Minburra Quartzite as a lens, the Saddlewsrth Fermation could be
extended down to include at least the upper part of the Auburn Dolomite
equivalent in areas where this is appropriately fine-grained. One such area
is west of Yatina.

About six miles southeast -of "Yalpara" there are very dark grey
siltstones reminiscent of a carbonaceous member of the Saddleworth Formati on
in its type section near Riverton. _ f‘"j

A sandstone dyke not shown on QRROROQ cuts groy laminated silt-
stones referred to the Saddleworth Formation Just to the northwest of Chewing
Knob (northeast of Paratoc R.S. )+ This dyke is about 1200ft. long and up to
6fte wide and trends in a northeasterly direction. It ends in or near lamina-

ted sandy siltstons about 100ft. below the base of the Appila Tillite.

Belair Sub-Gth

This term refers to coarse-grained and sandy siltstone and
quartzite of the Mintaro Shale, Gilbert Ra.hge Quartzite and lesser quartzites
previously referred to the Umberatana Group on BURRA. It is used on ORROROO

in anticipation ef formal usage later on ADELATDE (in preparation).
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The Mintare Shale and quartsites possibly equivalent to the
Leasingham Quartzite of Mirams (op. cit.) and Gilbert Range Quartzite may
be seen undsriyihg.ths Appila Tillite west of Tarcowie. The Mintaro Shale
is a boldly-outeropping grey, laminated, partly dolomitic siltstone which
containg a thin, siliceous finekto medium~grained quartzite 800ft. above
its base, This is succeeded by brownish-weathering, boldly outcropping
coarse siltstone and fine sandstons about 1,500ft. thick. Just below the
Appils Tillite are 400ft. of pale grey quartzite possibly equivalent to
the Gilbert Range Quartzite. This sequence is progressively eliminated to
the north along an angular unconformity at the base of the tillite.

Some other areas where the liintaro Shale is inferred are east

of Nackara, southwest of Cerrieton and north of Wauvkaringa.
Umberatana Group

The Umberatana Group was defined by Coats (in Thomson et al 1964)
in the MNte Painter area of the MNorthern Flinders Ranges. The group includes
all the glacigene deposiis of the Adelaide Sys tem thus giving it a unifying
lithogenitic significance. In some areas s particularly along the western
margin of the Adelaide Geosyncline, definite glacial beds are confined to
the basal part of the group,

Coats (ope oits) pointed out that further mepping was required to
clarify the lower limit of the Yudnamutans Sub-Group in the Sturtign type
ereas Recently Goats (1967) has carried out this mapping and now suggests
that in this area the base of tho "Lower Glacial Sequence” (Yudnamutana Sub-
C'—roup) is best defined by the base of the Sturt Tillites 7Thus the.base of the
Umberatana Group would not coincide with the base of the Stwrtian Series.

Coats (in Chomson et al 196)) indicated that in meny areas the
base of the Umberatana Group is defined by an unconf'ormity with the Burra
Groupe This situation is common on ORRORCO and Forbes (1967a) has suggested
that there the base of the Appila ®illite should be taken as the lower limit
of the Umberatana Group. This suggestion has been followed on ORROROO assuming
an expected redefinition of the Burra Group.

The Umberatana Group on CRROROO consists of up to 12,000f't. of

tillites, siltstones and minor dolomites ‘and limestones which outerop exten—
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sively in the area., Ideally the group consists of 'i:illités of the "lower
glacial® (¥udnamutana Sub-Group) separated from tillites of the “upper
glacial® (Pepuarts Tillite) by a thick seguence of siltstones. This situation
exists in the east of the survey area but in the west no tillites ocour above
the "lower glacial® and the sequence is gencrally more clastic. 4 rock
relationship diagram (Fig. 6) of the Umberatansa Group illﬁstrates this and
shows the complex intertonguing of units in the upper part of the group.

The relatively uniforn lower part of the group with throughgoing rock units

is also apparent on this diagream.

Rock units used in the Unberatana Group on ORRORO0O were estaeblished
by Survey geologists on BURRA to the south and PARAGHTLNA to the north,
North-south intertonguing of these units occurs, particularly between the
Teroowie Siltstons amd Etina Formation. Two new units, the Uroonda Siltstone
Member and the Waukaringa Siltstone Member were established and will be defined
in this reports Both are members of the Tarcowie Siltstone.

For descriptive purposes it is proposed to discuss the Unberatana,
Group under two main headings, the Yudnamutana Sub~Group and the upper

Umberatana Group,

Yudnamutana Sub-Group

This sub=group was defined by Goats (op.cit.) to include all the
glacigene beds below the Tindelpina Shale Member. In neny places on QRROROO
this unit lies unconformably on the Burra. group thus making an excellent group
boundary and, at the sams time, a readily mappable boundary. Early Sturtian
diapirism with subsequent erosion prior to deposition of the tillite has pro-
duced local high angle unconformities, as for example on the flanks of the
Yednalue Anticline and the eastern flank of the Garrieton Anticline. EHarly
Sturtian beds were probably not deposited over mueh of ORRORO0, or were deposited
and subsequently eroded, though Parbes (1967a and this report) has recognised
early Sturtian rocks overlain unconf'ormably by the tillite on the east facing
1imb of the Pekina Syncline,.

Glacial beds of the Yulnamutans Sub-Group are generally between 4000
and 2000fte thick on ORRORGO ani probably represent only the upper pert of this

unit due to transgression onto positive areas. To the northeast and east (Bibli-



Plate 3 - Large erratic (outlined) im the Appila

Tillite exposed in Hillpara Creek, Orroroco

1:63,360 area, The erratic is 25 feet
long and consists of white, fine-grained

guaritzite,

Plate 4 = Close=up of the guartzite erratic
Hillpara Creek,

Py

an



-2 -

ando Dome area and Olary region respeciively) the Sub-group rapidly increases
in thickness.to many thousands of feet and it is suggested that these areas
were basins undergoing rapid sedimentation while much of the ORROROO area,
especially the north~central areas, were being eroded, presumably by glacial

action.

Appila Tillite

This formation was defined by Mirems (in Thomson et al 196L) in
Appilé. Gorge on BURRA and: consists of boulder tillite, quartzite and siltstone.
On ORROROQ it is the only unit differentiated in the Yudnamutana Sub=Group
apart from the Wilyerpa Formation which forms limited areas of outcrop in the
northeastern corner of the areas The unit has a very varied lithology anmd
meny members could be mapped but lack of time made this impossible. However
in places a thin ironstone member has been differentiated and prominent
gquartzites showne.

The Appila Tillite outerops widely on (RROROO and is usually between
1000 and 2000fte thicke In the Flinders Range, west of the Willochra Flain,
it is only a few hundred feet thick and in places along the flanks of the
Yednalue Anticline it is only a few feet thick. This formation usually forms
areas of rugged outerop, often emphasized by more subdued relief developed on
the softer siltstones anl shales which frequently underlie and overlie it.

The formation generally consists of beds of boulder tillite (sp. 63
5pe 7) separated by lithic sandstone (sps 8) and siltstones frequently con-
taining erratics. The tillite contains facetted and striated erratics of
diverse rock types which are usually cobble sized but often reach 3 to 4ft.
in diameter. Very large quartzite erratics, up to 25ft. long by 10ft, high
(the third dimension was obscured) and conservatively estimated at 400 tons in
weight were found in Hillpara Creek 15 miles northeast of Orroroo (Plates 3 and
L). Rock types of the srratics include quertzite, granite, gneiss, volcanics,
porphyry, Jjaspilite, conglomerate, schist, siltstone and dolomite. Many of
these rock types are completely alien to the swvey area but are similar to
rock types oceutring in crystalline besement areas west of the Torrens Iinea~-
ment and consequently suggest o wostern provenance for the glacigene deposits.
Quartzite erratics are the most abundant s Dany (inclucling the large erratics

in Hillpara Creek) consist of Tine~grained white quartzite similar to quartzites
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in the upper part of the Burra Groups.

A thin bed of hematitic siltstone cceurs at the base of the Appila
Tillite in the nose of the Waukarings Anticline and on the eastern limb of
the Yednalue Anticlines This ironstone unit reaches a maximum thickness of
about 200ft, but is very lenticular. Dalgarno and Johnson (in Thomson et &l
19€k; 1965a) mapped a similar hematitic siltstone (Holowilena Ironstone) in
the Yudnamutana Sub-Group on P/RACHILNA. The ironstone on QRRORO0 is tenta=
tively correlated with the Holowilena Ironstone and also with an ironstone
in the Olery Region (Campana 1958) anl the Braemar Ironstone in the Manunla
area (Mirams 1962)s In the latter arecas the ironstone is underlsin by nassive
boulder tillite thus if the correlation of the ironstones is correet it would
indicate that the Appila Tillite is equivalent only to the upper part of the
Yudnamutana Sub=Group.

In the central area of ORRORO0 a fine-grained flaggy siltstone unit
occurs at the top of the Appila Pillitc, This unit, which reaches 1,400ft.
in thickness on the western limb of the Yalpara Anticline is a well=bedded grey
siltstone containing no erratics. 7his siltstone has not been differentiated
on ORRORO0. The top of the unit is marked by the Tindelpina Shale Member;
if this shale were absent the siltstone pould easily be confused with the
Tapley Hill Formations The siltstone occurs on limbs of other structures
in the central part of the survey area anl could well be a useful unit
if further mapping is undertaken. It is suggested that the best loocality

for a type-section would be at Hillpara Creek 44 miles northeast of Orroroo.

Wilyerpa Quartzite

Delgarno and Johnson (in Thomson et al 196}.) defined this formation,
which represents Mawson's (41949) interglacial arenites, in the Bibliando Dome
area in the southeast of PARAGHTINAe This unit ocours only in the extreme
northeast of ORROR00 in the Orema Ranges Here it consists predominantly of
woll~bedded grey siltstons with interbeds of nedium-grained off-white feldspath~
ic sandstone which form prominent ridges. Erratics occur in thin bands inter-
bedded otcasionally in the silistones. Dalgarno and Johnson (19659., 1960)

Place the Holowilena Ironstone below the Wilyerpa Formation, thus if the

ironstone at the base of the Appila Tillite on ORRORO0 is correlated with the
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Holowilena Ironstone the Appila Tillite would be equivalent to the Wilyerpa

Formations

Upper Umberatana Group

In this report the term upper Umberatans Group refers to the
sequence between the base of the Tindelpina Shale Manber and the base of the
Nuccaleena Formatione Boulder tillite occurs at the top of this sequence
in the southeast aof the survey area but is not present in the central and
western arecass JAbove the Tapley Hill Formation marked changes in rock
types oocur from west to cast. In the west the sequence is red-brown in
oolour with grit bands ani sandstones; ripple-marks and mud-cracks indicate
shallow water conditions. In the cast the seguence is green-grey in colour
and consists essentially of silistones, Intertonguing of these beds indi~
cates at least partial contemporancity and it is suggested that the red-beds
in the west are a shallow-water facies of the green, finer-graincd beds in
the easte This facies relationship in the lower Marinoan was first recognized.
by Horwitz (1961) who divided a typical cast~west section of the area (amd
other parts of the Adelaide Geosynclinej, into three zomes: a western zone

characterized by purple and green beds with no boulder 4illite; an eastern
zone characterized by grey beds with boulder tillite and a central passage
zone intermediate between the east and west zones. A rock relationship diagram
of the Unberatana Group (Fige 6) illustrates the east~west intertongwing of
rock units in the areas
JTapley Hill Formation

This formation was originally established by Howdhin (1904) as the
"Tepley Hill Slates" in the Adelaide area, subsequently Mawson and Sprigg
(1950) defined the formation as “laminated slates s becoming increasingly
caloareous above™. Coats (in Thomseon et al 196L.) defined a subsiduary type
section in the Northern Fliniers Ranges gnd split off the upper calcarecus
sequence as o separate formation; the Yankaninns Formation. Recently CGeats
(1967) has revised the status of this formation and it is now regarded as a
member of the Tppley Hill Formation,

The Tapley Hill Formation is a renarkebly uniform unit throughout
the survey area and gonsiste typically of well=laninated blue~grey, flaggy

siltatones (spe 9; Sps 10). Thieknoss is wually betwoen 2000 and L000ft,
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though in the Flinders Range west of the Willechra Plain it is only in the
order of 500 tc 4000ft+ The brgc of the foruation is usually marked on
QRROROO by the black shales of the Tindelpina Shale Menber.
Congloenerate bonds of rewerked erratics ocour in the basal part
of the formation on the limbs of the Yednnlue .inticlinee. This basal unit
nay be equivalent to the Serle (onglomercte Member of the ﬂmberatana Group
type area (Coats, in Thomson et ol 1964). Much difficulty was experienced
in differentiating between the tillites of the Yudnamutana Sub=Group and
these conglomerates, though the conglomerates are interbedded in derk, well
laminated shales typical of the lower part of the Tapley Hill Fornmatione
In places the conglomorate rests directly on the Burra Group and thus, if the
interpretation is ¢orrect, the tillite has been completely ercded in these
localities. Erosion of the tillite with associated accumulation of con=
glomerate bands was probably due to positive uplift of the Yednalue Diapir.
Bands of conglonerate with associated slump structures cccur
near the base of the Tapley Hill Formation north of "Yednalue"™ on the eastern
limb of the Worumba Diapir. These conglonerates, which consist essentially
of reworked erratics, werc first observel by GsR. Dalgorno (pers.comm.) and
are token as evidence of early Sturtion mevement of the Worumba Diapir,
Intrafoructd onal limestone conglomcerate ceceurs in the Tapley Hill
Formation in many areas but is rriiculerly well developed northwest of
"Melton" in the Woukaringa Syncline ond west of "Milang" in the nose of the
Orema Anticline (Plate 5). West of "Milang" sandy limestone with granule
size grains is interbedded with the limestone conglomerate and nay indicate
a period of erosion associated with uplift of the Baratta Diapir situated aix
miles northwest of this locelity.
Tindelpina Shale Merber

This unit is the best nmarker bed on ORRORO0 and probably the best
in the Adeleide Geosyncline. It consists of carbcnaceous, pyritic, finely
laminated tlack shales with thin interbeds of buff-weathering dolomite (sp.i1;
spe12)s The shale grades upwards, over & few hunired feet, into siltstones of
the Tapley Formation. It usually forms areas of poor cutercp and low relicf

next tc preminent outerops of the ippile Tillito.



Plate 5 -
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Intraformational limestone conglomerate
in the Tapley Hill Formation near "Milang",
Koonamore 1:63,360 area,

View from north of Horrocks Pass loocking
southeast to Mt, Remarkable (on horizon),
Wilmington 1:63,360 area, The Brighton
Limestone equivalent overlies the promine
ently outcropping Yankaninna Member in the
foreground, This unit is overlain by the
unnamed lower member of the Willochra
Formation,



Yankoninna Siltstone Maiber

This uﬁi‘b has not been Cifferentinted on ORRCROU but has been mapped
on the Yednalue 4:63,360 sheet. In its type-seotion in the Northern Flinders
Ranges (Gmts in Themson et al 196L) it oonsists of well~-bedded, colcareous or
dolomitic green siltstones, Thin bonds of limestone interbedded near the to;é
of the Tapley Hill Formation cccur in plnces on CGRROROC and are prcbably
equivalent to the Yankanimna lierber. (n the Yelnalue sheet the Yankaninna
Merber oconsists of well-bedded grey silitsiones with thin bands of calecareous
siltstone and limestone. The unit is not as flo ggy es the Topley Hill Forma-
tion and usually forms prominent ridges. This proninent outcrop can be seen
on Flate 6 vhich is a view token north of Horrocks Pass locking southeast to
Mte Remarkable. The unit has not been mapped in this areas

The Pekina Formation, defined by Mirams (in Thouson et al 1964) near
Tarocowle, is in part equivalent to the Yankanima Merber but a.'l.s_o ineludes
sandy linmestones of the Brighton Limestone ‘equivalente This unit has not been
used on ORROROQ «

Brighton Linestone equivaleni

This unit consists of sroy %o pink limestone and dolonite (spe 13,
8ps 14). It often ooniains Gollenia and is frequently sendye This linestone
is essentially confined 42 the Flindors Range west of the Willochra Plain but
also ocours in the north of the Pekina Syncline (Flate 7) and on the western
1icb of the Yednalue Anticline. Tho unit is usually between 20 4o 100f'ts thiok
but lenses rapidly along strike.

In the Flinders Range the linestone is underlain by the Tapley Hill
Formation and overlein by the rod beds of the Willochra Fornation (Flate 6),
This sequence is very siniler to the type area of the Brighton Limestone neaxr
Adelaide and the limestones are ccnsidored to be equivalents Howchin (1916,
1928) first corvelated these units vhile working in the area in the early part
of this centurys The top of this unit is taken as the boundary between the
Sturtien and Merinoan Series (Mawson and Sprigg 1950) and in this area forms an
excellent mapping boundary. However in aress to the east of the Willochra
Plain this linestone is usually absent and the overlying beds are green, not
unlike the underlying Teploy Hill Forma’tion thus malking it praectically

impossible to locate the Sturtian borincan boundary,
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Plate 7 - Sandy, cross-bedded limestone of the
Brighton Limestone equivalent near
. Orroroo, Orrorco 1:63,360 area,

T

Plate 8 = Tarcowie Siltstone near Waukaringa,
Waukeringa 1:63,360 area, "Wavey" bed-
‘ ding reflects ripple-marked bedding
planes,
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Willochra Formation

The type—section of this foruction is in Willochra (reek in the west
of the Willoechra 4:63,360 Sheet (Thomsen et al 4196L) and constitutes units
21 to 23 defined in the area by Mawson (4 LT} Dealgarno (pers.ce:m.) suggest~
ed that the unit could be divided intc two newberss. This suggestion has been
followed and two unnamed neubers have been ropped on ORRCROU. &ssentially the
formation consists of 2000-40C0fte of red-brown siltstone and sandstone
between the top of the Brighton Limestone and the base of the Nuccaleena
Pornatione These beds forn the lower pert of Howechin's "purple slates
series” (Howchin 1928).

The lower umaried nember of the Willochra Formation consists of
fla ggy red-brown slltstones with nud-cracked and ripple-parked shale partings
(sp. 153 spe 16). Thin bands (4-3ft.) of sandstone and linestone with sani
grains and pink grenules are intorbedded with the siltstenes. This unit,
which is between 700 and 4500ft. thick, forns areas ~f low relief next to the
prominently outeropping upper membor of the Willechra Forpation.

The upper nerber comprises srey to red-brown sandstones (sp. 17;
Spe 18) s siltstones and granule linmestones. The boundary between this merber
and the lower unit is gradationsl and hos been shown as an approxinate
boundary on ORROROO. Limestones with sand and pink granule grains possibly
reprosent intertonguing with the Btina Fomation. A massive siltstone near
the top of the sequence (possibly cquivalent to the Reynella Siltstone Meriber)
is similar to the siltstone cecwrring in the Elgtina Formation. No erratics
or other positive evidence supporting glacial origin were found in these beds,
though Webb and Horwitz (1959) thought that the larger gramiles were of
glacial origin,

Tarcowie Siltstone

This formation consists of up to 3000fte of green-grey siltstones
and sondy siltstones (spe 19; sps 20) lying between the top of the Tapley
Hill Formation and the base of +the Enorania Formation. Ideally it is banded
and has & characteristic Mwavy® bediing refleoting ripple-marked bedding
planes (the rock usually bresks olong olcavege planes). The bands are due
to bedding layers of difforent srain size (Plate 8),

The unit was defined by Miroms (in Thomson et al 1964) near
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Parcowie in the southern pert of the Pekina Syncline and was presumed (pers.
comn.) to extend to the bose of the Gumbowie irkose Member. Recent mapping
has shown that the Encrama Sheole ccours throughout the central and eastern
parts of ORROROC and the base of thls formation is now taken as the upper
linit of the Tarcowle Siltstone. Two new units, the Uroonda Siltstone Member
and the Weukaringe Siltstone Member, both members of the Tarcowie Siltstcone,
have been defined (this report) and rmpped on CRRCROC

The boundary between the Tapley Hill Formation and Tarcowie Silt-
stone is gradational and in some areas deubt exists about the peosition of
the boundary ’clue to the similority of the two unitse This problem crises
on the southern limb of the MHarchant Hill Syncline but in most areas the
boundary is readily mappobles |

The Tarcowie Siltstone and Urconda Siltstone Merber intertonsue with
the Willochra and Etina Formations in the central end west-central parts of
the survey areas This relationship is shown on Fige 6. Red-brown flaggy
siltstones of the lower membor of the Willochra Formation interte ngue with
the Tarcsowie Siltstone on tho western lirbs of the Horseshoe Syncline and
Yednalue Anticline. Tlese red-beds intertongue with the Urconda Silistons
Member on the lirbs of the Uroconmle Syncline. Intertonguing of the Tarcowie
Siltstone and Etina Formation occurs in the Pekina Syncline and on the lirbs
of the Horseshoe, Urconda and Price Hill Synclines.

Uroonds Siltstone Menber

Approximetely 1,700fte of green-grey siltstono (sp. K21) cuteropping
on the flanks of the Uroonda Syncline are here nanmed the Urconda Siltstone
Member of the Tarcowie Siltstone. The ncre is taken fron Uroenda Hill
(Lat 32°12' socuth and Long. 138°28! cast) end the type section, which is
shown on the published map, starts abeut % of a nile south of "Slatey Chpr#
(Late 32°08¢ south, Longe 438° 281 ecst). The base of the unit is taken at
the top of the laminated grey siltstone ~f the Tapley Hill Formation and the
top at the base of the sandy linmestone of the Etina Pormation.

The siltstone is bedded but cuterop is -f a massive nature as the
rock does not break along bedding planes like the underlying Tapley Hill
Pormation, Bands of ccarse siltstcne, praetically a quartzite, are inter—

bedded with the siltstcne and in ploces the unit intertongues with the lower



nember of the Willochra Formotions The unit thins out wapidly to the south
op the licbs of the Horseshoe Syneline and to the east lenses out on the
northern licd of the Marchant H1Il Syncline,

Waukarinze Siltstone Member

Lbout 1600fte of well laninated blue-grey siltstones (spe 22)
outeropping in the Waukaringe orea are here named the Waukaringa Silistone
Member of the Tarcowie Silist-nes The tyrpe section is one nile west of "01&
Webricoola® (Lat, 32°27' scuth, Long, 1 39021' cast) ond is shown on the
published mape The unit is nomed after the deserted t-wnship of Waukeringa
(Lat. 32017' south, Long. 139%271 cast)s The base of the unit is taken at
the top of the "wavey-bedded" sandy siltstone of the Tarceowie Silitst-ne and

- the top at the base of the laminated green sholes and silty shales ~f the
Encorame Shalee

Thin bands of limestone and celcareous silistone are interbedded
with the unit and are well exposed arcund Chinaman's Hat anl Buro Hill in
the keel of the Waukeringe Syncline. This siltstone member is very similar
to the flaggy Tapley Hill Formotion but is separated from it by the Tarcowie»
Siltstones The unit has cnly been reccgnised in the Waukaringa Syncline
and on the ﬁorthern dinb of the Waroonee Syncline; it probably ccours to
the east on the Winnininnio 4:63,360 Shoet..

Etina Formatdion

This formation, which consists of limestcne and shale, was defined
by Dalgarno and Johnson (in Thomson et al 496)4) in the Gentrsl Flinders
Rangese On ERROROQ the formation has been restricted to litestone beds and,
in gemeral, the unit is nuch thimer than on PIRACHILNAe. This thinning is
ideally shown in the ncrth of the Price Hill Syncline where the formation
is up to 2000 to 3000ft. thick. Purther south on the lirbs of this synecline
the unit thins tc less than 200ft. Intertonguing with the Terccwie Siltstone
occurs west of Heaslip Well on the western limb of the Yednslue Anticline and
in the north of the Pekina Syncline cbout 2 miles south of Urrorco township.

This formation is restricted tc the centrel and north~central
parts of ORRORO0 and oonsists typicolly of limestones (spe 23) which are
sendy and contain sbuniont gronvle groins; ‘oolites are ccumon. Frequentiy

this unit consists of nearly pure dolenite (spe 24). Sandy linestones in the
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Willochra Pormation are believed to be tongues of this formetion interdigi-
tating with the latter formation.

Enorama Shale

This unit 1s widespread on URRUROC and cccurs in all areas except
the Flinders Range west of the Willochra Plain., Generally it is between
500 and 1500ft. thick and ecnsists of groen, well laninated ealearecus shale
and silty shale (sp. 25). This f-riction was defined in the Gentral Flinders
Ranges (Dalgernc and Jchnsen in Thonsen eh al 196L.) wkere it is 1200 to 1400
Pto thick, '

Thin limestone bands, frequently containing red shale flake frag=
ments are interbeddéd near the top of the unit in the north of the Price Hill
Synoline. These limestones are very similar to the Treszona Formation and
probably represent intertonguing between the formaiions. In the southeastern
part of the survey area the formaticn is generally more silty and less cal-

carecus than in the north central and central arease

Irezona Formation

| This formation only oceurs on the lirbs of the Marchant Hill
Synoline and on the western limb of the Uroonda Hill Syncline. The unit is
very lenticular on the flanks of the formei- synoline, thimning from a maximun
thickness of almost 800fte southwest of "Milang" to a few feet in Buckalowie
Grecke. Typically the formetion consists of grey linestone with fragments of
red-brown shale forming “hieroglyphie limestone". In the type=-seotion in the
Gentral Flinders Ranges (Dalgarnc ond Jehnson in Thomson et al 1964) grey
shales are interbedded in the linestone; +these shalecs are not present in the
unit on ORROROU «

Elatina Formation

- The Elatina Formation was defined by Dalgarne and Johnson (in
Thomson et al 196)) in the Gentrsl Fliniers Ranges as a "pink pebbly sandstone
with local glacigene lenses", In a later reper these authers (Dalgarne and
Johnson 1964) deseribed striated and faocetied cobbles and mbbles embedded in
a reddish mudstone in Brachina Greck, Proviously Mawson (41949) had identified
glacial features at this horizen in the Gentral Flinders. On QRROROQ no
evidence of glacial origin was found in this unit though a mudstone with small

granules is interbedded with the sandstone in most placess This mudstone may be



equivalent to the Reymella Siltstone Member described by Thomson (4966) in
the Adelaide area.

The Elatina Formation outecrops extensively in the north~central
and central parts of the survey aree and is usunlly between 500 and 800ft.
thick, It consists of cr-ss-bedded, red-brown feldspathic sandstene (sp.26)
with interbeds of red-brown massive siltstone. Gramile grains up to 2 to Lum,
are commons The fermation usuelly forms crecs of proninent relief nceentusted
by the stbdued relief of the underlyin: Enoranma Formatlon.

Popuarta Tillite

This tillitic unit is confined 4o the scutheastern part of the
survey area east of a line between Peterborcugh and Waukaringa. Unfortunately
no direct relationship can be established between this unit and the Elatina
Formation as this part of the column has been ercded in the eritical zone
between the Marchant Hill Syncline where the Elatina Formation outerops and
the Waroonee and Dawson Syneline where +hc Pepuarta Tillite outcrops. However
as the Enorana Shale underliss both the Elatina Formation and the Pepuarta
Tillite and as the Nucealecna Formation and Ulupa Siltstone overlie both
formations they are equated with some confidence. Jook (1913) first recog-
nised this tillite in the Mt. Grainger area in the early part of this century.,

Mirems (in Thomson et al 1964) established the type ssetion of this
unit at Pepuarta Bluff on ULiRY. Here the formation is 5000ft. thiok and
consists principally of feldspethic scndstone and shele. On CRRGROO the unit
is generally botwecn LGU and G0Cfs. thick and ecnsists of nassive, grey silt-
stone (sp. 27) end greywacke containing crratics., These erratics reach 8f't.,
in ddameter and some show facetting and striations. In places erratics are
sparsey particularly on the flanks »f the Dawson Syneline, but in genersl
are readily found. Good exposure of this +i1lite ccours irmediately east of
The Gone about 4 miles north-northeast of Nantabibbie Railway Siding and
5 miles north-northeast cf Chewing Knob on the southern limb of the Waroonee
Synclinec‘

Gunbowie Arkose Member

Mirams (in Thonson et al 196)) established this unit in the
southern part of ORROROO as a member of the Pepuarta Tillite (pors. comm.).

The unit usually consists of coarse-grained feldspathic sandstone (sp. 28)
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between 150 and 300ft. thick. Sucll erraties have been found in shales
interbedded with thin bands -f arkose necar the base of this member on the
northern limb of the wWarconee Syncline. The base of the "upper gla.cAia.l"
sequence is placed imsedictely beneath these erratics. This unit thins ~ut
to the south aleng the western 1imb of the Urconde Syncline and the Pepuaris
Tillite lies directly -n the Encraua Fornatione.

Grampus Quartzite

This formation was defined by Mirams (in Thomson et al 1964) in
the Grampus Range as a "silicifial angular quartz sandstone™. On CRROROO
however 1t is a complex unit ccnsisting of medium grained, grey to brown
quartzite (spe 29), grey siltstone with cccasional erratics, off-white arkose
end mincr thin dolomite bands. On the published map the formation syubaol
has been confined teo the prominent gquartzite within the unite

The quartzite in the formation is resistant to weathering and
forms prominent ridges in the southeast of the area, particularly along the

flanks of the Ulupa Syncline,

Wilpena Groaup

This group consists i up = 40,000ft. of siléstoncs s shales,
quartzites and ninor limest-nes. Deolgarne and J-hnson (in Thomson et al
1964) subdivided the Wilpena Group -n PIRAGHILNA into the frllowing ascending
formations:— Nuccaleena Foruation; ‘Brachina Formation; £eBoGe Range
Quartzite; Bumyeroo Formation; Wonoks Formation and Pound Quartzite. A4All
these formations have been recognised and mpped on JRRORGC. In addition
& green siltstone unit, the Ulupa Siltstome, established on BURRAL by Mirems
(in Thomson et al 196}4) has beon differentiated in the central and socuth-
eastern area. This formation is believed to be equivalent to the Brachina
Formation and is differentiated by colour and lithology from the character—
istically red-brown and finer greined. Brachina Formation. spart from the
Warconse Synoline region in the east outcerop of upper units of the Wilpena
Group is confined to the central and northwestern parts of the survey area.
The ABC Range Quartzite thins out rapidly to the east from a maximum of about
2000f'te in western arecs. A reck relationship dicgrom of the Wilpena Group

is shown on Fig. 7ae
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Nuccaleens Formation

This fornation was established by Dalgarno (in Thomson et al 4964)
on COFLEY ond consists typically =f o orean, well bedded dolemite overlain by
purple shales with ocoasional dclomite bandse The unit is remarkably wide-
spread on PARACHILNA and GOPLEY ond forms an excellent merker horizon and
good base to the Wilpena Group., On ORRCRUC however the formation thins out
and in many pleces is missing. It is usuéily present in the western aress
and occwr's sporadically over the rest of tle area. On the published nap the
overprint has been restricted tc arecas where the characteristic basal crean
dolomite outcropse Purple shales of the formation occur in areas where the
dolomite is absent, as for example on the northwestern limb of the Marchant
Hill Syncline. In these areas the formation has not been differentiated.

The Nuccaleena Formation is particularly important in the west of
the area where, in its absence, it would be practically impossible to loecate
the base of the Wilpena Sroup due to the siuilerity of the lower poart of the
Brachina Formation to the underlying Willochra Formation. The Nuccaleena
Formation has not been fourd on the castern limb of the L1lizator Syncline.,
Here the base of the Wilpena Group has been placed below sandstones in the
lower part of the Brachina Formetion, at a presumed similar horizon to that
at which the Nuccaleena Formation cceurs on the western linb,

Generally the characteristic basal dolomite of the Nuccaleena Forma=-
tion varies between 2 to 20ft. on URROUR00, though it has been differentisted
in places (Buckalowie Gresk area, and north of Mt. Grainger) where it is less
than a foot thick. The delonite roek ~f the Nuccaleena Formation consists of
over 90% of the mineral dolomite (spe 30; spe 31)e

Brachina Formation - Ulupa Siltstone

The Brachina Formation is confined to the west end northwest of
the survey area and consists typioal'l.yk of well bedded, red-~brown, ripple—
marked siltstones (spe 32). Thickness of the wnit is in the order of 1,200,
in the Flinders Range west of the Willochra Basine The botton few hundred feet.
consist of fine-grained, thick-beddod +o nessive, red~brown sandstone (spe 33)
very sinilar to sandstones in the unierlying umnemed upper nembor of the

Willochra Formation. This sandstene is opperently the equivalent of the
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Seacliff Sandstone Member near idelaide and the Whyalla Sandstone Member
(Thomson and Johnson 4968) of the Tent Hill Formation of the western shelf
areas

The Brachina Formation forns an arca of subdued relief between
the boldly outcropping willochra Formation ond the very prominent outecrop
of the ABC Range Quartzite. This cheoreeteristic topographic expression of
the formation is ideally developed inmediately west of Bucka.finga. Garge and
Warren Gorge where & valley, flanked by a steep ridge of ABC Range Quartzite
to the east and by hills of the Willochra Pormation to the west, has been cut
in the conparatively sof't siltstones of this formations

East of the Willochra Plain rod siltstones of the Brachina Forna-
tion give way to grey~-green, slightly ccarser siltstones of the Ulupa S8ilt-
stone, Intertonguing of the red, floggy siltstones of the Brachinz Formation
with the grey-green siltstones of the Ulupa Siltstone cccurs on the flanks
of the Uroonda and Horscshoe Synclines. No attempt has been nade to show this
intertonguing on the published nep and siltstoncs in these areas are shown as
the Brachina Formation as they are predominantly red-brown in e-lowr. .48 the
Ulupa Siltstone occurs between the sane units as the Brachina Formation (i.c0
Nuccaleena Formation and 4ABG Rangoe Quartzite) and as it intertonguocs with this
formation it is considered to be equivalent to it. Further, as the Ulupa
Siltstone does not have shallow-water characteristics (sun—cracks, ripple~-
merks) it is considered %o be an castern, deeper water facies of the Brachina
Formatione

The Ulupa Siltstone forms extensive areas of outerop in the central
and southeastern parts of the survey area. Typically it weathers to give o
red soil supporting few trees and forms bold hills. Thickness varies between
4,000 and 5,000fts, though o merked thimning cccurs on the northwestern linb
of the Paratoo Anticline, possibly duc to contenporanecus movenent of the

Paratoo Diapir. Grey-green siltstones are the deminant rock type (spe 34;

of the formation. Thin, off-whitc sandstones interbedded with siltstores are
very commen in the upper part of the Ulupa, 8iltst~ne in the Dawson Syncline

and may, in part, be equivelent to the [BC Quartzite (see next section),.
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Quartz is the dcminant minerel of the siltstones (over 7055) but phyllosili-
cates (biotite, chlorite , museovite, sericite) usually meke up cver 40% of
the rogck; Plagloclase feldspar is usually less than 2%.

ABC Renpo Quartzite

This formetion is a white orthoguartzite consisting usually of
over 95% quartz with litile feldspsr ond clay minerals (spe 36; spe 37)e
Thickness west of the Willcchra Bosin is between 2,000 and 2,500£t. but to
the east it thins rapidly to 600fte on the flanks of the Horseshoe Range
Syncline and tec a few feet thick further east. The quartzite is absent on
the flanks of the Waroonse and Ulupa Synclines. 4round the Price Hill Syn~
cline grey-green siltstones, similer to the Ulupa Siltstones are interbedded
with the quartzite; these silistones have been included within the ABG Range
Quartzite on the published nap due to the d¢ifficulty of showing the relati on-
ship at this scale. Thin bands of white quartzite are interbedded near the
top of the Ulupa Siltstone on the linbs of the Marchent Hill and Dawson Syn=-
clines and probably represent intertenguing of the ABC Range Quertzite with
the Ulupa S:L'Ltstcne.

Intertonguing of the Brochina Formetion end ABG Range Quartzite
with the Ulupa Siltstone suggest that the latter formation moy be equivalent
to both these formations. Fig. 7 illusirates this relationship; thicknesses
are shown approximately to seale on +this dlagram end it is apparent that the
corbined thickness of the Brachina Formation and ARG Range Quartzite is equal
to the thickness of the Ulupa 8iltsti-nes To the west (west of the Torrens
Lineament) the Brachina Formoidon and 4ABG Range Quartzite have been sorrelated
with the Tent Hill Formation by Goats (41965a).

The 4BC Range Quartzite is very resistant to weathering and forms
prominent ridges and cuestas, particularly in the northwest of the survey area
where dips are steep and the quartzite frequently forms vertical outerops, as
for example in Warren Gorge and Buckaringa Gorge (Plate 1)+ The quartzite
forns the ridge encirecling the "pound® of the Horseshoe Range Syncline and
forms the lanmimark of Mocokra Tower, visible on the skyline west of Carrieton.
Extensive outcrop of the quartzite cccurs in the keel of the alligater Syncline,

where flat dips and steeply incised crecks Ijrcvide excellent exposures.
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Bunyerco Formation

The prominently outeropping .BC Range Quartzite is overlain by
the shales of the Bunyeroo Formaticn whiech give rise to subdued topography
with poor outcerop. In the east of the survey arca the Bunyeroco Formation
rests directly on the Ulupa Silistone (see Fige 7). The formation is wide-
spread and quite constant both in thickness and lithology and forms a readily
recognisable mapping unit. Thickness of the formation is usually between
50C and 1000ft. It consists predominantly of red-brown to purple, well-—
laminated shales. Quartz; with a groin size less than 0.04mm, is the dominant
mineral (cver 60%) followed by phyllosilicates (chlorite and sericite) and
foldspar (around 2%); verying smounts of hematite (4% to 18%) proluce the
red-brown colour (spe 38; &pe 39).

In the keel of the Marchont Hill Syncline, where the Bunyeroo
Pormation outcrops extensively, grcen shales ore interbedded with the red-
brown shaless In the eastern part »f this structure two be.rﬁs of green shale
are interbedded. near the basec of the formetione. The l-wer band, approxinately
50fte thick, forns the basal meribor of the formetion and rests directly on the
Ulupa Siltstone, 30fte of purple shale separate this banl from the other
green shale which is approximtely 250f%t. thieck. Similar green shale units
are found to the west in the same structure,

Wonoka Formation

This formation does not outerop extensively on QRRCROO as, together
with higher units in the cclumn, it hos been eroded from nost part of the
area. Outercp is confined 4o synclinal areas in the northwest and o the
keel of the Waroomee Syncline in the eastwentrall areas However, outerops
of this formation occur out of stratigraphic sequence in the keels of M+,
Brown, White Valley and Ulupa Synclines.

In the northwest the Wonoka Formation consists of flaggy, ocal-
carsous shales end dolomitic limestones (spe 40) forming subdued outerops
beneath the Pound Quartzite. (n the Flanls of the Warconee Syncline typical
flaggy, oalcareous shales and limestoncs of the Wencka Formation (spe 41)
outerop, but unusually tws bands (s.pprox:i.tm‘bely 506ft. thick) of white

quartzite (sp. 42) are inserbedded with the cerbonates near the top of the
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formation, These sandstone units form reodily moppable merbers of the Woncka
Formation in this structure, They heve been differentianted on the map but
have not been named.

The Wonoka Formation rests with strong unconformity on the Bunyeroo
Formetion, 4BC Range Quartzite and Ulupa Siltstone in the keel of the White
Valley Syneline, northeast of (arrieton. Breccia bands interbeddeld with the
caloarecus siltstones of the Woncka Pormation cecur at the base and at higher
levels in the formation, The breccia ccnsists predominantly of subrounded frag—
ments of green siltstone and limestone set in a mstrix of caleareous silte-
stones It is suggested that slumping removed the Bunyeroo Formation, ABC
Range Quartzite, and upper part of the Ulupa 8iltstone prior to deposition of
the Wonoka Formation. This mechanism was suggested by Goats (1964) to explain
similar relationships at Patsy Springs in tho Northern Flinders (ingepena
4:63,360 Sheet)s. The breccia bends interbedded in the Wonoks Formation were
probably formed by contenporancous slumpinge

The Woncks PFormaticn rests unconfornably on unlerlying units in
the Mt. Brown Syncline and Ulupa Syncline. Both uneonformities are believed
to have been formed by slumping prior to deposition of the Wonoka Formation.
In the Mte Brown structure calcarecus silistones and limestones of the Wonoka
Pormation lie unconformably on the Bunyeroo Formation and 4BC Range Quartzite
in the south of the syncline. No breecias have been found within the Wonoka
Pormation in this structure. Jluost e nile to the west of this area the
Wonoka, Formation cccurs in another slump structure which has c;ut through the
Bunyeroo Formation and upper port of the &BC Range Quartzite. An axial piane
fault has eliminated the eastern limb of the syncline in which this &l ump
structure ocours. Gontemporaneous slumping is indicated by breccias inter-
bedded in the Wonoka Formation. Fragments of the Bunyeroco Pormation cccur
in these brecciase The Wenoka Formation rests unconformably on the Ulupa
Siltstone in the eastern part of the Ulupa Syncline but no breceis bands

have been found in this ares.

Pound Quartzite

Outerop of this foruation is confimed te the nerthwest of the survey
area and to the Warconee Range. Like the ABC Range Quartzite it dominates

the topography in the northwest with inposing ronges; in the east it forms
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the prominent hills of the Waroonee Range. The Pound Quartzite can be divided
into two units: o lower predeminantly red cocloured sanistone and an upper
white quartzite., These units have not been differentiated on GRRORO0. In the
northwest the formaticn varies between 4000 and 3000f%ts in thickness while in
the Warocnee Syncline it is approximately 800rfte thicke. In this latter area
the top of this formation and overlying units have been erodecl; conseqw ntly
total thickness is not known.

In the northwest the upper part of the Pound Quartzite is a white
orthoquartzite consisting of over 90% well rounded quertz grains with inter-
stitlal specks of cley minerals, possibly after feldspar. .ccessory grains of
tourmaline occur (spe ).;.3). The lower part consists of a red arkese with 70%
sub-angular quartz grains and 257 feldspor (spe 44)s The upper pert of the
Pound Quartzite in the Warooneec Range is a feldspathic sandistone with about
10% feldspar and 80% rounded to sub-rcunied quartz grains. accessory minerals
ineclude tourmaline and zircon (spe 45). The lower part of the fermation in
this area is quite different from that in the ncrthwest, here it is a well-
bedded, dark-grey to red-grey siltstone consisting of 85% quartz with a little
feldspar (2%) and phyllosilicates (ohlerite and rmscovite). No fossils have
been found in the Pound Quartzite on (RRURGC

R A

R SR . Cambricn System

Only rooks of the Lower Combrian Serdes are present on QRROR0Oe

Theme rocks are confined entirely to the northwest of the survey area and

only outerop on the Willochra 4:63,360 Sheet. Howchin (4925) proposed the
tern "Wilson Series" for Cambrien beds exposed near Wilson but did not define
this series. Later work by Dalgarnc and Jehnson (Dalgerno 196L) invalidated
the sequence established by Howchin. Daily (1956), with nembers of the Geology
Departnent, University of idelaide, found Gerbrian rocks 48 niles north of
Quorn. Daily propeosed the infrrmal name "Yarrah Beds" for these Carbrian
rocks, which ocntained fossils characteristic of his faunal s.saemb]a‘ges 1, 2

ond ) (archacccyathids in 1; brachipsds Kutorgine peculisris (Tate), and

1 $ . . ] 2 ] i X “ .
Micromitra (Paterina)® etheridzei (Tate) in 2; trilobites of Pararaio-

like forms in 4). In this paper Daily tentatively included the underlying
"Pound Sandstome” in the Gambrian.
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Dalgarn> (cp. cit.) included formations established in the Lower
Gambrian in the Leke Frome crea by Daily (opecit.) and two new formations in
the Hawker Group. This group is suggested by Dalgarno to represent a phase
of marine transgression following the deltaic and shellow marine conditions
in which the Pound Quartzite was depcsiteds

Webb and Von der Borch (1962) mapped the Cambrian rocks in the
Wilson and "Yarreh" areas on the Willochra 4:63,360 Sheet and established
rook units (unnamed) which they recognised in both arcase. In ‘;he Wilson
eres these units are ccextensive with fornations in the Hewker Group napped
on PARACHILNA by Dalgarno and Jchnsen (1966). These formations have been
extended onto (RRORGU in the Wilscn area; they hevc alsoc been used in the
"Yarrsh" area on the basis ~f Webb and Von der Barch's napping. Formations
of the Hawker Group mopped on ORRORGC include s from the base up: Parachilng
f‘ormation, Wilkawillina Limesteone, Parara Limestone and Uraparinna Sheale.

Parachilna Formation

This, the lowest unit in the Hawker Group, rests with structural
conformity on the Pound Quartzite. The lower part of the formation consists.
of white argillacecus sandstoncs and siltstones and is overlain by sandy and
oolitic limestones and grey olgal limesiones. Vertical burrows are found
typleally in the lower part of this unit but poor outcrop of this horizon
mekes it dAiffioult to find these burrcws on ORRORCOe The Parachilna Formation
and overlying units are not present in the Waroonee Range in the east of the
survey area, thus indicating probable ercsion of the upper part of the Pound
Quartzite in this area.

Wilkewillina Liimestone

On PARACHTLNA Dalgarnc included in this unit the Lower Gambrian
Yimestones straﬁigraphioally below the Porara Limestone or beds representing

continued deposition of the thick~bedded archaeoeyatha limestone. Followd ng

this outline the Wilkawillina Limestone on URROROO consists of massive grey

limestone (sp. I+6) s between 500 and 400UPt. thick, containing irchaeccyatha.

The limestone is almost pure, consisting of over 95% Cat03.



Parara Limestone

On ORROROO this unit conprises thin limestone bands interbedded
with dark-green shales. The limestone bandse. like the Wilkawilline linestone
are remarkably pure with about 98% Cal05 (spe 47)e

Oraparinns Shale

This farmation consists of laminated, grey-green shales with thin
interbeds of limestone. The shales are frequently calcareous and silty
(spe 48)s The formation outerops extensively in the Kanyaka Valley where it
is between 500 and 1000ft. thicke.

W bse STl Triassic System

ESERE S e .

Triassic beds in the nerthwest of URROROU are preserved in two
small structural basins in the east ~f the Willochra 1263,360 Sheets The
largest basin, the Springfield Basin, is about 3% sqemls. in area and is
situated approximately 5 miles southwest of Cradock. sbout 9 miles south-
southwest of this basin is situated the smeller Boolounda Basin. Goal was
found in the Boolcunda aree in 1956 vhile drd1ling for water, but at the
time was thought to be a lignite of Tertiary agee« Later palynological examina-
tion by Belme (Uniw. of W. iustralin) in 4957 proved the sediments of the
Boolounda Basin to be of Trinssio age; subsequently Von der Borch (1958)
mpped the area and prepared a reports

The Springfield Triassic deposits were discovered in 1957 by
students of the University of Adelaide mapping under the direction of Kleemane
The possible Triassic age was suggested by leaf impressions and Kleeman in-
formed the Department of Mines ~f their possible similarity to conl bearing
strata at Leigh Greek. Johnson ond Yon der Berch (Jchnson 1960) napped the
area and supervised a drilling programme to test for ec nonie coal during
1958 and 4959, Goal deposits in beth basins proved to be unecononie and no
further work has been carried cut in either basin. The fcllewding notes on the
gealogy of the basins have been taken from the work of Johnson and Von der Berel..

The deposits are believed tc have been formed in internontane basins,
possibly similar to the present nearby intermontene valleys of the Willochra
and Wellowey Basins, The presence of fresh-water lakes in the Triassic basins

is indicated by fresh-weter molluses in the upper beds of the Springfield Basine
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Deposits ore sirdlar to Triassic rocks at Leigh Greek scme 43U miles to the
north, Preservation of these deposits is believed by Johnson (ope cite ) to be
due to a combination of post Triassic faulting and folding. Folding cf the
Springfield Basin slong a northeast trending synclinal axis (this axis is
parallel to earlier Lower Palacozoic folding in the area) has produced dips
of up to 25 degrees near the centre of the basine.

The sedinments rest unconformebly on the underlying Proterozoic
Adelaide Systens In the Springfield Besin, Triassic rocks rest on diapirie
Callanna Beds, the Yudnamutana Sub~Group and the Tepley Hill Formation.
Deposits of the Springfield Basin are betwecn 1100 and 2800ft. thick and
consist of conglomerates, sandstones, argillites and cocal measures. A4long
the eastern and southeastern parits of the basin the lowest unit of the
Triassic consists of grey to yellow shales and argillites with carbonaesous
bands, Conglomerates with interbedded grey and purple arkosic sandstones
and soft red argillite cverlie the bosal sheles. Boulders in the conglomerate
consist principally of quortzite; out and £ill structures and strong current
bedding occurs in this unit., Red aorgillite and sandstones overlie the con-
glomerate; these are in turn overlain by coal measures which have been
divided into upper and lower series, separated by fine grained sanistonee The
coal measures contain a number of impwre cocel seans. The top unit is an
argillite containing abundant leaf impressions anl casts of fresh-water
nollusese This unit has ‘peen beked by burning cocel seans tc a pink poreellon-
ite (Johnson and Bucknell 1959). Johnson discusses 4he envirenment of deposi-
tion of these Triassic beds at s-me length in his report on the Springfield
Basin (Johnson ope cits).

Triassic deposits in ithe Bodlounda Basin reach a maxinum thickness
in the order of 41000fte A4 basal e-ngleomerate occurs in the southern part
of the basin; in other areas basal beds ccnsist of sandstone and shale.
Overlying the basal beds is o carbonacecus shele-coal sequence which is in
turn overlain by gypsiferous clays and siltstones forning the y~ungest beds
of the basin,

Fossil fresh-woter nollusca which were found in the upper unit of

the Trdassic beds in the Springrield Bosin by Johnson and Yon der Barch were
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deseribed by Ludbrook (Ludbrook in Johnson 1960) as species of Unio and
Protovirguse Inpressions of plant remains are eccmmon in this upper unit;

"Thimfeldia® feistnanteli, redescribed by Townrow as Diercidium feistmanteli

is the cormonest. In a later paper Ludbrook (1960) cescribed two new species

(tnio sprinsfieldensis and Protcvirsus jeeenschi) and redeseribed ancther

L4

speoies (Unio eyrensis) of fresh=woter nolluscae of the family Unionidae

occurring in the Springfield and Leigh Greck Basins.
Spores and pcllen grains from impure coal seanms in the Springfield
Basin were examined by B.Ee Balue in 1957. Genera represented include

Pityosporites sp., Entylissa spe., dconthothiletes and Microreticulatisporites

n.sps This microflora indicates a Middle or Upper Triassie age and shows

affinitieos with the microflora of the Leigh Creek coale.

Tertiagz

Quterop of Tertiary rocks on (RROROO is extremely limited and
practically confined to a few areas of siloreted and ferricreted sands and
conglonerates. However lacustrine sediments of this age ocour at depth in
the Willochra and Wellowsy Basins. These sediments were intersected in three
stratigraphical bores drilled in the Willochra Basin by the Department of
Mines (0'Driscoll 4956). The sedimonts consist of sandy silts and silty clayss
Lignitic sands containing Nothofepus pollen dated as post Eocene but pre~
Plicoens (ibid, 0'Drisccll 1956) sccur near the battom of Stratigraphical Test
Bore Noe 3 (between 186 and 502ft.). Pcllen and spores from between 78 and
88f'te and 96 and 4101ft, in Stratigraphical Test Bore No. 2 were dated by
Harris (1966) as middle~upper Ecoenc.

Small areas of ferruginised and silieificd white sands and silts
were mapped around the northern margins of the Willochra Basin by Webb and
Von der Boreh (1962) and shown on the Willochra 1:63,360 Sheet. Later Twidale
(1966) naumed these marginal iortiary sediments the Langwarren Formation and
tentatively correlated then with the Tertiary sediments at depth in the Basin.
The Langwarren Formation has not been used on CRROROQ as it is not a valid

rock unit as no type-section was noninated and it includes several diverse

rock types.



Southeast of Quorn and northeast of Bruce flat~lying silereted
gravel and boulder beds mentle sdelaide System rocks (Plate 9). These beds
have been tentatively assigned to the Tgr’cia.zy as they occur higher (topo—
graphically) than csalereted gravel beds, thought to be of Pleistocene age,
which ocour immedictely northecst of Brucee. The silerete hordzons of these
grevel beds areg possibly of Plio-Fleistocens age and nay be equivalent to
the Boston Bay Silerete (Firman 4967).

A small isolated butte (about 400 yards in diameter) of silereted
conglonerate occurs about 2 miles northeast of the Two Sisters in the north-
east of the Orroroo 4:63,360 areas The butte is about 50ft. high and rises
prominently above the flat, alluviated plain of the Nackara drainage systen.
This silereted conglomerate is believed to be = remnant of a once extensive
Tertiary surface. Sheets of caloreted gravels, probably of Pleistocene age
ocour at & lower lovel (topographic) than the silereted gravels in the
Nackara Flain and probebly, in part, consist of rewcrked Tertiary gravelse.

Remnants of ferruginous laterite, coextensive with siniler deposits
mapped by Mirams (4960, 1962) on the Mianunda 1263,360 area, cceur in the
southeastern corner of the Nackera 1:63,360 ares. The laterites are probably
remants of a more extensive laterite whiech covered the present flood plains

assoaiated with the Manunde Greelk.

Quai:erna.rz

Pleistocene

Calereted gravels overlying mottled clays are widespread around the
mergins of the Willochra Plain and in the eastern areas of URROROCe. Both units
are believed tc be of Pleistocene ages Firnan, (1967) has described two units
in the Northern Flinders Ranges, the Telford Gravel and the Avondeale Glay,
which are similar to the gravels and clays on URROROU. These names have been
used on QRROROU. 4t a scale of 1:250,000 it was only pessible to portray the
Telford Gravél, the ivondale Cley being usually expesed in ereek banks undex
the gravel capping. This situation is ideally shown in the scuthern bank of
the Siceus River about 2 nmiles north of "iilang® on the Koonamore 1:63,360
areas Here grey clays at least 15f%. thick (‘he base is not exposed) are
overlain by about 10~20ft. of caleoreted gmirels.
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Plate 9 - Silcreted gravels northeast of Bruce,
Quorn 1:63,360 area., The marked boundary
separates gravels from weathered sili-

stones and shales of the Tapley Hill
Formation,

17 €29
37 ’

Plate 10 = View from Baroota Knob looking southwesi
to Baroota Reservoir and Spencer Gulf,
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Twidale (1966) included red clays and sands ccowrring at the
surface and at depth in the Willochra Basin together with marginal gravels
in the Bruce Formatione. This unit includes both the Avondele Clay and the
Telford Gravel and for regional mapping purposes is of little practical use
as the gravels, which form & prominent unit easily recogniseble on aerial
photographs, would not be differentiated. Twidale (ope cite) proposed
anothet unit; the Coonatto Merber, in the Quaternary sediments of the
Willochra Basine This unit ecnsists of any calereted Quaternary deposit,
thus it includes the celerctoed morginel gravels together with calerete and
travertine forming in present crecvkse It has not been used on ORRGRUU as it

is not considercd t~ be a lithostratisraphic unit,

Recent Deposits

Five types of Recent deposits have bee.n differentiated on OQRRCR(C: -
alluvium of drainage chamnels end flood plains; slope deposits; sand duncs
and sand spreads; gypsecus sands; loke depositse

Slope deposits consist of eolluvial naterial derived from lceal
outerop and transported downslope by sravity and slope washs Unfortunately
this simple situation is rarvely encountered and usvally the slope deposit
consists partly of alluvial depesits. The boundaries between the loecal
colluvial material of the slopes and the water transported alluvial naterial
of the dralnage channels and flood plains are aften very difficult te map and
in places are arbitrary.

Sand dunes occur east of the lakes on the Koonamore 1:63,360 area.
The axes of these dunes are somewhat haphazard but a genercl northeasterly
trend is evident. Gypsecus sends and silts are widespread around the eastern
margins of the Kocnamere lokes and indicate evaporation of large vclumes of
water. Prevaliling westerly winis are indicoted by the rustriecticn of sand
dunes and gypseous sands and silts to the eastern narzins of the lakes. Fine
gypseous silts and cleys occour on the dry lake flcors of the Keonamore lakes
and also east and southeast of Ucolta R.S. on the Nackars aend Peterborough

1263,360 arcas.



W
.17 =

TEGTCNICS AND STRUGTURE

The ORROROU area is situated in the central part of the Adelaide
Geosyncline between the Gavler Platform ond Stuart Stable Shelf to the west
and the Willyema Block to thexeast. Here the geosyneline is thought to be of
a miogeosynelinal type (Sprigg 4952) though Thomson (1965) regards it as a
mobile shelf rather than a linear geosyncline.

The Upper Proterozoic and Lower Ganbrian sediments of the geo=
syncline suffered & major orogeny sometime in the Lower Palaeczeic. Fron
evidence elsewhere in the State (oolJ,atecl by BelGe Forbes 1966) this orogeny
is placed between the Lower Gambrian and Middle Urdevician. ERarlier, milder
tectonism ccourred during the Adelaide Systenm, particularly between the Burra
and Umberatana Groups when a najor phase of diapirism was initiated (Cats
4965b). Goats (ope eits.) suggested that the £old pattern of the Lower
Palaeozeic orogeny substantially followed the same axial trencls' originated
by this earlier movements Ample evidence of this early Sturtian movement is
found on ORRORQU where, in places, o strong angular unconformity exists be-
tween the Burra ard Unberatana Groups. In some areas {Garrieton iAnticline and
the scuthwest lizb of the Worwmba Diapir) the Burra Group has been pushed
aside by diapiric intrusion end. erded, so that the Umberatana Group lies
unconfornably on successively lower units in the Burra Group, and finally on
the diapiric Gallanna Beds. Other areas (Yednalue Anticline, Mt. Remarkable
and the western limb of the Yalpara Anticline) show pre-Umberé.tana Group
feulting, This is particularly narked in the core of the Yednalue Anticline
where the River Wakefield group and Burra Group are highly faulted and
fractured in complete ccntrast to the overlying Umberatans Group which is
Practically undistuxbed.

Later tectonism is evidenced by further dispirism and contenporanesus
faulting during tho Sturtian and Morincan (21so in the Lower Cambrian on
PARAGHILNA). These movements » with asscolated effects on sedimentation,
bave been discussed elsewhere by Geats (196, 1965b) and Dalgarno and Johnson
(1965b). On CRRORGO there is limited evidence of diapiric nmovement in the
Marinoan and nost pest early Sturtian pilercement structures are believed to

have formed during the main Lower Palaeozoic lrogeny.
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The next major phase ~f novemont after Lower Palaeczolo times
took place in the Late Tortinry when the old fold belt was raised by block=
faultinge Evidence of earlier, probably minor, tectonism is supplied by the
Triassic deposits of the Springfield and Boolcunda Basins which are folded
and faulted (Johnson 4960)e GCanpana (4958) regards these movements as a

probable continuation or periodic renewal of the major Lower Palasozoie

Orogenys

Ganpana (1955) sugzested that the £olding of sediments in the
hdelaide Geosyncline was due to herizontal eompression between the rigid
tlocks of the "Gawler nucleus" 4c the west, end the "Willyenma nucleus™ to the
east, and by a presuned “ecratonic element™ under the Murray Basin, Thonsen
(4965) on the cther hand sugées”c.e& thet the £old types ("bleck" and “injeotion™
type of Beloussov) and other features of toetonisn were produced by vertical
movenents of the earth's crust; thus Thouson emphasizes the inportance of
pre-ideleidean faults and shears in the floor of the geosyncline. Evidence
on ORRORCO eppears to favour the compressive theory as the folds are typically
elongate and parallel; alsc a serics of anticlines arranged in right-hand
en echelon fashion (0laddie, Bendleby 11l ond Waukargina. See Fige 7b) are
located in the convex pert of the creuate systen of the Mt, Lof'ty-Olery arce
This pattern would be expeeted assuring ocrpressive forces against the curved
basin border (De Sitter, 1956 che23). Other evidence to support the com=
pression theory are the probable high angle reverse faults in the northwest
and southeast of the survey area. BEvidence %o support vertical tectonics
rather than horizental corpression is the presence of major fault systens
which were active in at lsast the Torrension (ee.ge Mts Renarksble Fault) s and
continued throughout the Sturtian and Marinoan. These fault systens prcbably

reflect important fault and shear zones within the baserent.

Eolding

The style of folding on ORRORGO is mainly -f the concentric or
parallel type (Webb s 1962). Units on the liubs of folds are probably near
their original thickmess, as suggested in the series of cross—-sections across

the survey area shown in Fiz. 8a. Felding of a "sinilar" type osocurs in the
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Marchant Hill, White Valley Syncline. In this structure the Ulupa Siltstone
and Bunyeroo Shele cre strongly cluaved and drag of individual laminae in the
rock is clearly visible (Plates 11 and 12). Rapid plunge reversals are also
cormon in this structures The underlying Elatina Fornation, a sandstone, is
not highly cleaved and it is suggested that this structure is probably of a
fn#cttn'e-cleavage type producing a disharmonic fold as shown on Latitude
3201 5' south on Fig. 8a, Probebly fracture=cleavage folding is common in
other perts of the survey area, particularly where an inccmpetent y argille
aceous unit is sandwiched between cempetent arenscecus unitse.

Folds in the survey arca arc typically symnetrical, elongate and
parallel; axial flexures produce & series ~F elongate domes along the major
anticlinal axes. Individual folds are up to 20 to 30 miles in length; the

Ulupa Syncling in the southeast of the area oxtends onto OLLRY and BURRL and

attains a length of about 130 nilcse.

Axial trends in the west are apprexinately north-south but swing
round to the northeast and east in the central and eastern arcas, Folding is
nuch tighter in the northwest, possibly reflceting greater compressive forces
against the stable basenent to the weste Generally anticlines are tight,
steep~limbed structures whereas the synelines are more open with shallow dipse
Flat-lying beds occur along the axial portions of the Waukaringe and Pekina
Synclines. Concentric falding, with consequent lack of space in the core of
anticlinal folds, probahly accounts for some diapiric intrusions with associar
ted steepening of anticlinal structures,

Right hand and left hand en echelon folding is oommon, Right hand
structures are dominant and have boen nmenticned previously., Left hand
structures are located in the scuthwest of ORRORO0 and northwest of BURRA
(see Fige 7b)s The dominent right-hand pattern is believed to be due to
compression against o emrved basin border, though 0'Driscoll (1961) has demonf,;-
strated that simdiler patterns can be nroduced by vertical shear mcvenents ands
their nutual interference. In this area, however, a strong slaty cleavage,
necessary to produce such noverents » Goes not exist.

Asymmetric anticlines with overturned axial planes cccur in the
scutheast of the survey arca. iThe socuthern part of the Paratoo antieline

and the northern part of the Nackara jnticline are overturned to the west,
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ﬂ Plate 11 - Highly cleaved " Ylupa Siltstone ncrth of
' Marchant Hill, Yednalue l: 63 363 Sheet,

o
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Plate 12 = Close up of the Ulupa Siltstone north of
Marchant Hill showing drag of bedding by
movement on near vertical cleavage planes,
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probably reflecting overthrusting from the southeast. The Mt Grainger 4nti-
cline is overturned tc the east, possibly due to overthrusting from the west
along the Ocdlawirrs Faulte Fairburn (Fairburn and Nixon 1966) found that the
statistical fold axis of dips and strikes in the vicinity of the Mt. Grainger
Mine plunged at LOO, in a dircction of 2430. This indicates considerable
buekling of the northern part of this fcld and is probably due to the en-
Placenent of the Nt. Grainger Dicpire

4 broad entielinal structure in the scuthwest around Booleroc
Gentre plunges north producing a series of diverging, and quite distinct
structures. Individual anticlinal axes can be traced from the Booleroo
area northwards onto PARACHILNA. Te the south the anticline econtinues as far
aé Brinkworth on BURRAe This structure farms an importent tectonic unit on

the BURRA and ORRCROO arcase

Foulting

Three pericds of faulting can be recognised on (RRORCO. These

aret~ gaf Barly Stwtien; b/ Sturtian-llarinocan; o/ Post Lower Falagozoic.

&/ Barly Sturtian

Faulting of' this age is particularly evident in the Yednalue
Anticline where & serles of radial faults, emmanating from a probable aiapirig
core (there are only limited ocutercps of diapiric naterial), disrupts units of
the River Wakefield and Burra Groups (Sce Figs Sb). Much fraéturing and
brecelation of the ecountry rock is nssocisted with this faulting indicating
compaction and induretion pricr o fauldng. The carly Sturtian age is
indicated by the unconfornity at the base of the Unberotans Group on the flanks
of the structures Units in the Burra Group (particulorly the Skillogalee
Dolenite) are ropeatedly cut ~ff by the Unberatons Group northwards along the
western flank of the anticline; on the castern limb the Unberatana Group lies
directly on the River Wokefield group indiceting a period of strong crosion
in this area.

The Mte Renmarkable Fault wes alsa active in the early Sturtian.
The cross=section drawn on Lativwde 32345' south on Fig. 8a, and also the

eross-section on the published map show a section nernal to the plane of the

¢
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fault. It is apparent fron thaese sections that the base of the Burra Group
is downthrown morc than the base of the Umberatana Group thus indicating pre=-
Unberatana faulting in the crder of 1G0G0-15,000ft. The Burra Group is nuch
thicker east ~f the fault; apprbximately 15,000 te of strata between the
Rhynic Sandstone end the Umberctana Group is nissing west of the fault and
the Appila Tillite lies direculy cn the Rhyﬁie Sandstcnes This is a remarka-
ble disconfornity, especially as the strike of the Rhynie Sandstone and the
overlying Umberatana Group is parsllel and appears quite conformable on the
aerial photographs. The cause of this disparity of thickness in the Burra
Group is probably related to complex movements on the fault assceiated with
contemporaneous diapirism, Two explanations based éelely on faulting are
suggested heree Ore is that the Its Remarkable Fault was contemporaneous
with Torrensian sedimentation and formed a hingeline with a basin of thick
sediments to the sast ani a positive shelf arca to the west with little
sedimentatione The other is that Torrension sedimentation was uniform on
both sides of the present fault and that early Sturtion faulting downfaulted
the eastern block protecting it from subsequent ercsion (?glaciation) which
renoved. the middle and upper Burra Group units from the western blocke

Early Sturtlan faulting cccurs on the western limb of the Yalpara
Anticline. Here a resistant white gquartzite (Minburra Quartzite), which
forms a pronounced ridge aboutb % nile cast of the 4ppila Tillite, is offset
by faults in two places (seec i:, 8c). TWest of "Trechaven® crecf these faults
offsets the southern portion of the ridge cbout % nile o thé east but Goes
not affect the base of the tillite. Approxinately 40 niles north-northeast
of "Yalpara" the other fault elininates the northern portion of tre quartzite
ridge; again the fault dces not affect the overlying Appila Tillite,

On the southeastern limb of the Pekina Syncline, about four niles
southwest of Yatina; two parellel faults trending northwest dislocate the

Burra Group but de nct affect the Umberatana Group.
b/ Sturtian~Marinoan

Evidence of fault novement during these epochs is limited on

ORRORCOe Several faults were active hovever and these will be outlined belows
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Movement of a fault on the northwestern limb of the Yednalue Anti-
cline (seven miles north-northeast of the Pringe Alfred Mine. See Fig.8b)
was contemporanscus with deposition of the Sturtian tillite (Dalgarnc and,
Johnson 41965a). 4 thick sequence °f massive boulder tillite cccurs to the
north of the fault while to the s~uth the tillite rapidly thins cut and the
overlying Tindelpina Shale Momber lies i:_znoonformebly on the Burra Groupe.

The fault does not affect the Teplcy Hill Formation, Rarlier faulting in
the Torrensian along the same fault plane severely dragged and crumpled the
Rhynie Sandstenee. Other evidence of Sturtian movement cccurs elsewhere on
the flanks of the Yednaluo Anticline where, in places, the Tindelpina Shale
Member lies directly on the Burra Greup and conglomerate bands with reworked
erratics occur near the .base of the shale. These movenments with consequent
erosion of some of the tillite from the flanks of the structure are probably
related to positive movements of the diapir in the ccre of the present anti-
clinee

The Gradock Pault, east of the township of Cradock, trends approxis~
mately east-west and affects Terrensian, Sturtian and early Marincen sediments.
Final moverent of the fault cccurred in early Marincan tires as the fault
does not affect the Enorama Shale and Elatina Formation in the upper part of
the Umberatana Groupy but has dragged lower units in the northern block to the
weste Contemporanecus movenent of the fault is indicated by the thicker
deposits of the Etina and Tarc-wic Siltsione Formations north of the fault.
The precise course of this fault is hidden by recent cleposité of the Wirreanda
and Pendowage CGrreks.

Another east-west fault affecting Sturtian and early Marinoan rocks
occuwrs on the western limb of tho Yanyarrie Diapir about six miles north of
Carrieton. The fault downthrows the northern block abaut 700fte but Gocs not
affect units above the Elatina Formation thus dating final novement of the
fault in the early Marinoan. 4 slight angular unconf ormity between the
Tarcowie Siltstone and overlying Elatina Formation ccours immediately south
of this faulte

4 north-trenling fault scutheast of lite Brown (approxim tely five

niles north=northwest of Wilmington) dislocates units in the Unberatana and
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Wilpena Groups. This fault is cverlapped by basal units of the ABC Range

Quartzite dating moverent as late Moerincan in age.

¢/ Post Lower Palaeozoie

Most of the faulting on (RROROU took place after the Lower
Palasozolc orogenye. This is evident on Fig. L. which reveals that most
faults discrientate and ~ffset the parallel and symnetrical folding which
characterises the arca. Scnme faulis were probably contemporaneous with
folding, as for example the Bookunda and Ballarata Faults in the southern
exial parts of the Uroonda end Horseshoe Synclines (Webb 1962), while others
were later, possibly associated with Tertiary uplifting, These later move-
ments were probably along pre-existing lines of movement. Some of the faulis
must reflect basement fractures, particularly those reviving earlier idelaidean
faults (eege Mte Remarkable Foult) and those which show s-me degree of alignj
ment, possibly signifying zones of Pmndonental "weakness" in the basement.
43 these post Lower Palaeczoic faults are nuner~us only the more inmportant
ones are discussed belowe

The Mt. Remarkable Fault was reactivated after folding and the
eastern block downthrown about 5000ft. As rentioned previously the eastern
block had been downthrown 10,000~15,000f%, in the early Sturtian and the later
movement on the same fault plane indicates a probable zone of wealmess in thé
basement s |

The Yatina Fault, inferred unCer the alluvium of the Walloway Flain
on the basis of surrounding structures, can be linked with other‘structures,:
including diapirs, northwards through Wallowey and Garrieton to the Worumba
Diepir on PARACHIINA. Individual faults and structures do not actually link
up as areas of counfny rock betwoen structures are undisturbed. This trend is
mrobably another zone of basement weakmesss Cross~folding on the Pine Grove
Anticline, southeast of Gradock, may be duve to transcurrent movements along |
this bgsement linesments incthor inferred fault imnediately east of Boolerco
Gentre can be linked northwards with +the sane zomee. The epicentres of the main
shock and after-shock of an carthqueke vhich took place in the midenorth of
the State on .ugust 20th 1965 (Sutton and White 1966) plot just to the west

of the Garrieton inticline, quite near this’prabable basement lineament,
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The Paratoo FPault trends west-northwest from the Paratoo Diapir
offsetting the southern part of the Warconee Syncline and probably continuing
to "Yalpara™, The "Devils Chimney', an ironstone outerop on a conformable
vein of specular hematite, lies along the inferred trend of this fault, The
Oladdie Pault, west of Johnburgh, hos a sinilar trend and is more or less in
line with the Paratco Fault probobly indiecating another basement lineamente
Drag on the Oladdie fault suggests that the northern block was downfaulted,
possibly prior to folding, then later wplifted after folding to produce a
foult with the downthrow drag on the upthrown blocke The Oladdie Diapir
has been intruded along this structures.

The Arden Vale Fault downthrows the Pound Quartzite against the
Rhynie Sandstone about one mile northwest of Quorn. This is a throw in the
order of 15,000ft., yet only fowr niles to the narth the displacement is zero.
To the south the fault bifurcates and a remmant of the Pound Quartzite is
preserved at the "Devils Poak®™ on AUGUST.. in a dewnfaulted block., The
Horrocks'! Pass Fault, which is probobly a.continuation of the Arden Vale
Fault, offsets the northern part of the /lligator Syncline to the weste

Probable high angle reverse faults occur in the southeast
(Oodlawirra and Bulyninnie Faults) and ncrthwest (Wyacca Fault) of the survey
areas Orosa-sections through the Codlawirra and Bulyninnie Faults on Lati-
tude 32057%'3 on Fige 8a and also on the oross-section on the published map
show the relatively downthrown block between the two faultss The east facing
limb of the Mte Grainger Anticline has been truncated by the’Oodlawirra Fault,
which thrust the Tindelpina Shale Merber against the Ulupa Siltstone, a move%
ment in the order of 40,000fte The north limb of the Bulyninnie Anticline ‘
has been truncated by the Bulynimmie Fault, which thrusts the Burra Group
against uppdr units of the Umberatans Group, a throw between 5-10,008ft,

Another reverse fault in the axial portion of the Nackara /inticline eliminates

the eastern flank of this structurc further south on BURR4e In the northwest
the Tapley Hill Formation is feulted ogninst the Pound Quartzite along the
Wyacca Fault, a throw in the ordicr -~f 10,12,000f%t. as shown in crcss-section
on Latitude 32000'8 on Fige 8, lApproxinately one half mile scuthwest of lite

Brown the Brachina Formation is thrust onto near vertical LB Range Quartzite
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Plate 13 - Brachina Formation thrust onto steeply
dipping ABC Range Quartzite west of Mt,
Brown, Wilmington 1:63,360 area,

¢
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Plate 14 - Diapiric breccia containing small blocks
enclosing & larger block in the Valloway
Diapir, Orroroo 1:63,360 area,
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along z low angle fault plane dipping tc the east at about L,.5°, (Flate 13).
Uplift on faults along tle western scarp of the Flinders Range
flanking Spenger Gulf on AUGUSLA and the scuthwest of (RRUR0OC probably occcurred
during the Tertisry. U'Drisccll (41956) sugiested that the Simmonston Fault
in the north of the Willochra Basin is truncated by the Arden Vale Faulte
As he belie\fed. the Simmonston Fault was active during the Tertiary he argued
that the Arden Vale Fault is also of Tertiary age an@@ formed a pert of the
"gtrong orogenic movements" which resulted in the ranges flanking the
Willochra Basin., Mapping of the Willochra 4:63,360 Sheet by Webb and Von der
Boreh showed that the Arden Vale Fault dies out well south of the Simmonston
Foult thus invalidating O'Driscoll's conclusion. Twidale (1966) established
that Tertiary beds have been dewnfaulted 98ft. (north block deown) by the

Simmonston Fault proving Tertiary or Post=Terticry novement on this faulte.
DIAPIRIC STRUGTURES

Diapiric or plercement structures were reccgnised by Webb and Von
der Barch in the course of mapping the Willochra 4:63,360 Sheet in 41958. In
the same year Webb (1960) mroposed a similar origin for the Blinman Dome.
Webb recognised that tlese structures consisted essentially of brecciated and
crumpled ‘rocks litholegicelly sinilar to rocks of Willouran age forcefully
emplaced into younger rccks cof the Adelnide System. Sumnaries of the geology
and possible mechanics of intrusion of diopirs in the Flinderé Ranges have L
been outlined by Coats (41964b, 1965b) and Dalgarno and Johnson (1965b)

There are fewor and smaller diapiric struetures on CRRORUO than on
PIRACHTLNA and GOPLEY to the norths Dalgarno and Johnscn (ope cite) tmply
that this is due to the tighter and more regular folding characteristiecc
of URRORO0 and areas to the scuthse Alternatively the Willouran scurce beds
nay be thimmer or of a different, move conpetent, facies in this area.
Nevertheless typical Willouran rocks cccur in diapirs over much of (RRORGC.

Mevenent of diapirs on ORRORCC is confired rninly to the early

Sturtian and Lower Palaeozoic. The comparative lack of Sturtian~Marincan
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noverent stands in complete contrast te FARACHILNA where there is well docu=
mented evidence cf this pericd -f diapirisﬁ (Dalgarno and Johnson 4965b)
Bvidence of early Sturtizn novement on P/RAGHILIA is lacking as there is
practically no outerop of roeks of this age. Eafly Sturtian positive move-
ment of diapirs caused erosion of the intruded Burra Group = evidence for this
is seen on the southwestern limb of the Worurba Diapir where the Appile

Tillite lies with sedimentary contact on the diapiric materiale

Callanng Beds

Rock types found in the diapirs on ORROROO are similar to those
found in piercement structures tc the nerth and are lithologically similar
to the Gellanna Beds of Willouron nge and include: - grey siltstones and
sandstones with shale partings showing ripple-marks, suncracks and osccasional
casts of halite; purple shales and siltstones; phyllites; dolenites, and
dolomitic breccias. These rocks cccur as blocks set in a breccia consisting
of small fragments of the latter rocks in a matrix of finer fragments cenented
with carbonate material (Plate 44). Halite casts have been found in the
Worumba, Wirreanda, Mt. Remerksable and Depot Hill diapirs but not in the
other diapirs on ORAOROGe HHo definite voleonies have been found in diapirs
on the survey area, ﬁhough Wright (1966) recantly found float of anygdaloida;
andesite in the Mte Grainger Diapir, Only one example of a foundered block éf
the overlying eccuntry rock has been found within a diapir on ORRUROUe This
consists of a small block, % sge mile in area, of Tindelpina Shale Merber with
a few feet of Sturtian tillite underlying it in the southern part of the
Melrose Diapir,

The Baratta, Paratoo and Bulyninnie piercenent struetures, loceted
in the east of the area, co-nsist predoninantly of crumpled and brecoicted
dolomite with ne characteristic sedinents of Willouran age. It is feasible
that these structures could be foried of Torrcnsian rather than Willouran
rocks, especially the Paratoo Diapir, which is situated in the core of o tight
anticlinal structure with thick Torrensian dolonmites exposed on its flanks.
However if they are formed of Willouren rocks this moy indicate an eastern

zone of carbonate deposition in the Willoway “trough',



-57..

Bosic Intrusives

Numerous small plugs and dykes of basic igneous rocck have been
intruded into the diapiric breccis in some of the diapirs. Howchin (194 6)
found small basic plugs in the "ecrush zone" at the foot of Mt. Remarkable
(Melrose Dia.pir) » and Thiele (some reference) described them as fine to
coarse grained dolerites (spe. 49) siniler to the basic rccks at Blinmene
Flugs of quartz porphyrites and oplites also ~ceur in tho Melrese Diapir.,

Spry (1952) described busic intrusives twenty niles cast of
Hawker in a "fault bleck" (Werunbe Diapir) in the centre of the Worumba
Anticline. These intrusives, which Spry describes as dclerites and basalis
are typically uralitised and saussuritised. The dolerites originally con=-
sisted of augite and labradorite with accessory hornblende, ilmenite, apatite
and quertz. The basalts usually consist of a groundnass of albite, actinclite,
chlcorite, calcite, epidote and irecn ore with anyglales filled primarily with
calcite and less often with siderite, epidote, quartz, chlorite or biotite,
Spry noted the lack of conucot netomorphisn around the intrusives in the
arcas Another small plug of basic rock (spe 50) intruding diapiric material
was found just to the south of the intrusive described by Sprye

Wright (ope cite ) has napped basic dykes intruding the Mt. Grainger
Diapir, These dykes, which Wright described as consisting typically of largqj
phenocrysts of andesine in a groundnass of fine andesine crystals and seconrlez;ry
chlorite, have been altered by dcuteric action to give knots of chlorite and
bictite after an earlier mincral (% hornblende), Wright also deséribecl aryg=
daloidal and trachytic andesites, which, he suggests, may be rafted bleecks
brought up in the diapir,

Basie plugs and dykes intrude the Paratoo Diapir. A4 group of
these plugs, represented as a single intrusion on GRRORCT » have been mapped
by Hiern (1965) as a source of ballast for the Highways Department. Hiern
recognised three varieties of basic rock based on grain size (sp. 513 spe 523
spe 53); all three variants are hornblende diorites consisting of amphibola,
intermediate plagioclase, sphens and opaques. The diorites have been altered,

possibly by deuteric action, and the laths of Plagioclase replaced by epidote
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and chloritee Similar basic plugs intrude the Bulyninnie piercement structure
in the northwest of the Manunde 1:63,360 Sheet. On the published Manunda
Ste ot Mirams (41960) shows one plug of dolérite intruding Morinoan sedinents
in the area; in fact there are several small plugs intruding brececiated
and crumpled dolomites of this probable piercement structure.

Chloritized porphyritie nicrodicrite (spe 5L.) outcrops on the
western flank of the Great Gladstone Diapir, and a small dyke of altered
porphyritic quartz microdicrite (spe 55) intrudes the lower Marincan country

rock just to the north of the diapir.

Phases of Diapirisn

Barly Sturtian

This phase of movement is inportant and affects the following
diapirs in the north~central parts of the survey area:- Carrieton Diapir,
Urconda Diapir, Worumba Diapir, Yednolue Diapir, diapir south of Round Hill,
and diapirs just to the north and west of the Wirreanda Diapirs In sone of
these structures the Burra Group has been forced aside and eroded so that
the Umberatana Group lies direotly on the diapiric Gallamma Beds.

The Cerrieton Diapir, which is situated in the north plunging
axial reglon of the Garrieton Anticline, has pushed aside rock units of the
River Wakefield and Burre Groups on the eastern limb of the structure.
Appila Tillite lies on successively lower units of these groups, end finally
rests directly on the breccinted Gollamns Beds of +the diapir in the north of
the structure. This strong unconformity ot the base of the Umberatana Group
dates the movement of the Garricton Diapir as early Sturtian; the diapir -
does nct intrude the Umberatana Group tvhus limiting novement of the diapir
to this latter phase, A possible earlier period of movement is indicated
by upturning of River Wakefield group beds agoinst the diapir on the western
limb of the strueture, about twe miles scuth of Garrieton Rallway Staticn,
The Burra Group is not affected by the diopir at this point indicating
possible late Willouran novement. Upturning of the River Wakefield group
units is not strong and no units are actuclly cut off by the Burra Group,

thus some doubt exists about the validity of this period of movenent.,
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The Urconde Diapir intrudes the southern axial portion of the
tightly folded Pine Grove Anticline} the main road between Carrieton and
Cradock ocuts through the diapir in a creek-crossing about 16 miles north of
Carrietons Like the Garrieton Diapir, units of the River Wakefield and Burra
Groups have been pushed aside by the diapir, and the Appila Tillite lies with
strong unconformity on the se sequences and on the diapiric (allanna Beds,.
On the western limb of the structure the dicpir has out through the tillite
and intruded the Tapley Hill Formotion, indieating a later phase of diapirism,

Evidence of early Sturtion movement ~f the Worumba Diapir is found |
southwest of Cradock, where the Burra Group has been forced aside by the
diapir and the Appila Tillite rests directly on the diapir. (The Werumba
Diapir has been extended to the scuth from PARACHILNA to join up with rocks
of Willouran age, originally mapped on thoe Willochra 1:63,360 Sheet southwest
of Gradock (see tectonic sketch on published nap)e Later mid Sturtian move-
ment of this diapir is iniicated by slump structures and boulder-trains in the
lower pert of the Tapley Hill Formation on the eastern flenk of the structure.

Outerop of the Yednalue Diapir is extremely limited but is assuned
to occupy mueh of the core of the Yednalue Anticline, as shown on the tectonj?c
sketch of the published 1:250,000 Sheet. Pre-Umberatana Group radial "faultirég
with associnted ercsion of theo Burra Group and much of the River Wakefield
Group along the eastern flank of <the structure, is thought to be due to
positive early Sturtian movement of this diepire No Jater movement of this
diapir has occurred,

The Appila Tillite rests directly on diapiric Gallgnna Beds south
of Round Hill, Again the Burra Group hes been foreed aside and eroded due to

positive movement of these diapirs.
Marinoan

The only docunented evidence of diapiric nmovement during the
Marinoan on CRRORO0 occurs on the western flank of the Great Gladstone Diapir.
Here conglomerate bands within the unnomed upper nember of the Willochra
Formation eontains pebble and ccbble sized fregnents of the porphyritic mioro-
diorite which outerops on the western limb of the diapir (Plates 15 and 16).
This indicates that the diapir was wlergoing erosion in eerly Marinoan times,

probably as a result of positive rovement,
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" Plate 15 = Thin band of breccia containing fragments
of basic rock, intsrbedded in the upper
member of the Willochra Formation on the
flank of the Great Gladstone diapir,

Quorn 1:63,360 Sheet.

31 . V : lﬁé}S
Plate 16 = Close up

of the breccia band on the fiamkq
of Great

Gladstone diapir showing angulay
fragments of basic rock,

17634
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Movement of the fault on the western flank of the Yanyarrie Diapixr
and thinning of the Unberatana Group rock uniits ageinst the diapir on this
flank are indicative of contemporanesus positive movement of this struecture.
Early Marinoan nmovement of the Cradock Fault with associcted facies changes
may be due to conteiporanecus novement ~f the Worumba Diapir,

Possible evidence of Harincan mcvement of the Poratoc Diapir is
indicated by thinning of the Ulupa Siltstone on the northwestern limb of the
Paratoo Anticlines This dicpir, which consists nainly of crumpled and
brecciated dolomite (Plate 47), intrudes the Burra Greup in the s-uthern
axial part of the Paratoo Anticline and units in the Umberatana Group on

the western limb of this structurce

Lower Paleosozoic

Diapirs intruled during or after the Lower Palaeozoic arogeny
disrupt regional structures formed during this period of folding, Tiese
diapirs probably owe their origin to lack of space in the cores of anticlines
folded in a concentric (perallel) stylo. As mentioned before this is the |
style of folding typicel of the central and southern Flinders Ranges. Some
of these diapirs were injected along nejor faultse The following diapirs
were emplaced in this phase -f diajdirdismi- Ht. Greinger Diapir; Walloway
Diapir; Goomoorco Diapir; ift. Denorkeblc Diapir; OCladdie Diapir, and the
diapir in the southern axisl porticn of the Urceonda Syncline. Some of the
diapirs may have been in oxistence pricr o this phase but were remobilised
by the Lower Palaeczoic arcpeny.

- The Mte Grainger Diapir is situsted in the overturned eastern
pert of the Mie Grainger Anticline. The ezstern limb of this anticline has
been truncated by the Uodlawirrs Fault which thrust this structure against
the Ocdlawirra Synclins. It is suggested that the latest movement of the
diapir was along this fault plane, during, or after folding. Marked faocies
changes in rock units of the upper pexrt of the Uuberatans Group on the
eastern limb of the structure and slup structures in a linestone unit a few
niles north of the diapir indicate a possible earlier (early Marinocan) phase
of novement,

The Walloway Diapir (Plate 18) consists of a zone of digpiric

breceia along a north-south fault which affects regional structures, Beds of
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Plate 17 - Contorted and crushed carbonate breccia
in the Paratoo Diapir, Paratoo 1:63,360

Sheet,
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T

Plate 18 - Diapiric breccia exposed in the banks of
a2 creek in the Walloway Diapir, Orrorco
1:63,360 Sheet,
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the country roek have not been upturnced by the intrusi-n of this diapir; in
fact beds on tho castern flank Gip in towards the diapir. The Cocomoorco
Diepir, which disrupits regional structurcs, intrudes Sturtian and Marincan
rocks a few miles to the west of the Walloway Diapir.

The Mte Remorksble Diapir is situnted at the foot of Mbe
Remarkeble: a smaller zone of possible diapiric breceia cecurs loss than a
mile to the southwest. Typical Willouran rocks have not been found in this
latter zone and the area may be a crush brcoecia associated with faulting.
The Mts Remarkable Dicpir cuts through regisnal structures and is believed
to have been injected clong the lite Remerksble Fault during, or after folding.
The Mte. Remarkable Range has been forced up fron the east, possibly by the
rising diapir, and disrupts structures southwest of Melrose. It is difficult
to reconstruct the structure before this uplifting as the whole of the range
consists of a west faoing limb of cme large anticline which ennct be matched
with a corresponding structure to the south.

The Oladdie Diapir hos been intruded slong the Oladdie Fault about
4 miles west-southwest of Johnburghe. Grush breceia of the River Wakefield
Group ocours in a north-scuth fouls zone irmedictely north of the diapir in
the core of the Olsddie zhl"biclil'q.e ond brseceia of the Unberatnna and Wilpena
Groups occurs in the western part of the 0laddiec Fault.

A large block of siliceous banled jasper (spe 56), about 600fte by
200fte has been brought up by the diapir in the north of the structure (see
Figs 9)s Other blocks of motasomatised "sranite arkose® (sp“. 57) have also
been rafted=up by the intrusive breccia. Field evidence suggests that some
of the "arkosé blocks™ may be intrusive igneous rocks, but further field and
petrologlcal work is required %o verify this. The jasper and metasomatised
arkose blocks are believed 1o be fraguents torn from the baseument during
diapirism,

4 small ddaplr is located sbout four miles east of the Booleunda
Bagin on an importent fault. The diapir has been injected along this fault,
which affects the axial region of the Uroonda Syncline,
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EGONOMIC GEOLOGY

Mineral production in the (RRCRQU area has never been large but
many minerals have been mined, incluling gold, copper, manganese, iron flux,
phosphate, magnesite and barytes. OUnly o fow arecas, the Prince Alfred Gopper
Mine, the Waukaringa Gold Figld, the Codlawirra Flux Quarries and Donnelly's
Ironstone Quarries have been worked on o large scale; all were worked in the
latter part of the 19th century and early part of this century,

Many small copper mines and prospects cccur throughout the area
but production from them has been insignificant. Small gold mines and pros-
pects ogcur in the Mte Grainger and Waukaringa areass. Manganese has been
worked spasnodicelly at the Boolcunda and Muttabee Mines; limited amounts
were extracted from these mires during the last World Ware

Non-metallic minerels and constructional materials which have been
mined and quarried in the survey crec include rock phosphate, nagnesite R
cley, barite, quartzite and dicrite. The diorite and quartzite are used for
road metal and rail ballaste Only linited amcunts of cloy and barite have
been extracted and total phosphate production was small: however, current
exploration for clay and phosphate nay alter this situation.

At the present time the only minerals being extracted on GRRURUC
are quartzite for roil ballast from Nackara and Black Rock and pottery clay
from Booleroo Gentree. (oncrete aggregate anl rubble for road works are ex—~
tracted in limited amounts by lececal councils. Gopper ore has recently been
mined at Paratoo but is lying in dumps ot tho minee

The following sections deal nore fully with mineral deposits
on ORROR00s Locations of deposits are shown on Fige 10. 4n excellent reswné
of all mines in the area up tec 1908 is given in the fourth edition of The |

Mines of South Australia by HeYels Browne

Metallic Mineral Deposits

Gopper

Over 50 copper mines and prospects are located in the area but

the only mine which producedl significent anounts of eopper was the Prince

Llfrede Production frem ~ther mines oriounted to little rore than bulk assay
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samples, though some of the workings are quite extensives 4 short summary of
some of the more important mines is given below.
Prince Alfred Mine:

This copper nine is situated nine miles north of Belton én the west
facing limb of the Yednalue Anticline, The deposit was disccvered in 4866 end
worked until 4908. Most of the production, believed to be about 40,000 tons
of over 5% ore, was extracted prior to 4900. The ore was jigged to a 20%
concentrate at ths mine and before 1900 was smelted at the mine. Wade and
Wegener (1954.) nmapped the mine and surface geclogy and prepared a report which
recomnended a drill hele to cut the lode below water levels Nixen (41960)
reported the drilling of three holes at the mine. No ore was located but low
grade primary sulphides were feund in thin grit bands.

The main lode is parcllel to bedding and is situated in the lower
part of the Tapley Hill Formation in bluc-;rey well leminated siltstonese
Thin bands of coarse grit are interbedied with the siltst-nes rear the mine:
these are believed to have been fomed by crosion and slumping due to con-
temporaneous positive movement of thoe diapir in the core of the vresent anti=
clinge Finely laminated black sholes cceur immediately east of the mine and
are underlain by a few feet of tillite. The tillite rests with marked angulaxr
unconfornity (200) on the underlying rocks of the Burra Groups

Wede and Wogener (op. cite) suggested that the lode has heen do—
posited along a transcurrent fault; the hanging wall is broken and crushed
and broken slate occurs in the lode materials The lode consists of sideritiec
copper ore with minor amnounts of caleite and quartze Chalcopyrite is the
rrinary ecpper sulphides Wade and Wegenor (ope cit.) suggested that secondary
exrichuent would have been restrictod by the lack of pyrite and abundance of
caloiun carbonate, but if this was so the deposit should have persisted belcw
the water table. It appears more likely that the ore boly was a product of i
secondary enrichnent of prinary low grade sulphides; this couparatively rich
body has apperently been c~npletely worked out,

Mine workines oonsist of 4wo underground workings separated by an

open-cut 220ft. long and approximrtely 20fte deeps The s-uthern shaft (medn
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Plate 19 = View from the air over the Prince Alfred
Mine looking northwards and showing the
unconformity at the base of the Umbera=-
tana Group. (Photograph by B.P. Thomson)

o B

Plate 20 - View from the air over the Prince Alfred
Mine looking southwards, The mine is
visible ne&r the bottom right hand cormer,
(Photograph by B.P, Thomson)
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shaft) wes reported tc be 270fte deep with lovels at 34, 58 and 170ft. and
the northern shaft (engine shaft) was repsrted to be 80fte deep with levels
at 18 and 45ft. 4 considerable ancunt of stoping was carried out but most of
this has now been filled with tailings. Flotes 49 and 20 are aerial vicws of
the mine showing the ruins of the crushing plant and smelter. The unconfor-
mity at the base of the Umberatana Group is clearly visible.

Spring Creek Mine:

This copper mine is & tuated about five miles south of Wilmington
on the eastern limb of the illisetor Syncline. It is located in the Tindel-
pina Shale‘Member which herc rests disc-nformebly on the thick Rhynie Sand-
stones (This sandstone forms the bold ridge of the M. Remarkable Renge).
Immedintely nerth of the nmine an important east-west fault d-wnthrows rocks
of the lower part of the Umberatana Group against the sandst-ne.

The mine was worked between 1860 ond 1874 and agein in the early
part of this century. Workings are quite oxtensive and a crushing plant and
smelter were erected indicating that o foir amount of -~re was probably mined.
Procduction figures for the nine are not available, . In 1917 the Hydraulie
Engineers Departuent ccmnenced pumping of water from the mine into the mains
for the surrocunding district and the area was reserved fron +the Mining Acte
In 4953 Sunners (1955) visited the mine to test for radioactive mineralisatigno
In his report Summers gave a resusd of the history and geclogy of the mine and
concluded that the mine is in the zone of secondery enrichment and that
primary sulphides had not been reached; radicactivity was nét significant,

4 zons of enrichment cccurs at the intersection of two lcces.e The ore con—-

sists of malachite, azurite, native coppor and pyrite asscciated with linonite.

The workings consist of an adit Criven cast to cut the lcle and a 432ft. shaft

with a crosscut to intersect the adit level. in open-cut in the minersnlised

zone and underground stoping in this zene constitute the nain workings.
Paratoo Copper Mine:

The Paratoc Mine is situated 3 miles northwest ~f Paratoo ReSe in
the core of the Paratoo Anticline. iinerclisation is of a stratiferm type in
well laminated, dark-grey siltstores of the Burra Group and consists chiefly
of melachite with minor cuprite. Gonterted ond breceiated diapiric rock,

nainly carbonates, hes intruded tlho Poratoo inticline just to the north of the
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nines Flugs and dykes of diocrite intrute the diapirie material.

The original mine consisted of twe 70ft. shafts c-mmected by a
drive, This work was carried out in the carly part of this century but very
little ore was extracted. Recently this area has been the scene of intensive
exploration by Kennecott Explorations (Australia) Pty. Ltde Gecphysical,
geochenical, diamond drilling and rotery pereussion drilling programms were
carried out but grades were too low and Kemnecott subsequently relinquished
the ereae The highest grades proved by Kemnecctt were 25fte of 0469% copper
between 175 and 200fts and 419.6fte of Ce57% copper at 600fte in two drill holes
Just to the south of the old workings.

Electro Wiming Props Litde held four nining leases in the area in-
cluding the site of the original mine. This ocmpany has opened up the old
nmine with two 20ft. deep open-cuits cnd proved thin bands of rich nalachite and
cuprite carrying up o 85 copper interbedied in the siltst-nos. Some of this
hand picked richer sre (believed to bo a few hunired tons) ns been sent to
Port Kembla for processings The low srade ore rensved fr-n the open cuts to
expse the richer ore has been loft in dunps near the minc.

Nixon (1965) mapped the surface geclogy and sampled the area for
the Electro Winning Company. He conecluded from surfacc sanpling that an
average grade of 1% copper c2uld be expectoed in the mineralized zcne. Nixon
(ope cit.) discussed the genesis of the deposit at some length and infers that
the deposit is of epigenotic type with some groins of mlachite of allogenetic
origine |

4 classified report by LeHs Blissett (1966) points out that much
of the copper is stratiform and that the deposit is generally of relatively
low grade, containing bands, lenses and pods of richer ore.

Other copper mines in the survey area which have Produced small
quantities of copper (no production figures are available) include: Rhondsa
Mine 4 miles north-northenst of Carricton; Slatey Rock Mine 7 niles southwest
of Cradock; Booleunda CGopper Mine sbout 1 nile due east of the Brolcunda
Triassic Basiny Great Gladst-ne line 10 miles scutheast of Querny; Penn Mine
3 miles north of Vodlawirra; Medine line 7 niles n-rth of Godlawirra, and the

Red Hill Mine 14 miles northeast of Belton.



Gold

Gold from structurally controlled vein type deposits has been
mined in the Waukaringa and Mte Grainger areas of ORRORO0. FPlacer deposits
of gold associated with gold bearing quartz veins in the Waukaringa area ocour
to the east of the survey area at Teetulpa. Both areas were worked during the
latter part of the nineteenth century and both worked at an overall financial
losse

Waukaringa Goldfield:

The deserted township of Woukoringa lies about 20 miles ncrthe
northeas% cf Yunta in the eastv of the survey area. Several gold nines occur
Just to the north of the t~wn aleng an castewest ridge of fine-grained feld-
spathic sandstone which dips southwards at 300 into the shallow, west plunging
Waukeringa Syncline. This sandstcne is an unnamed member of the Tapley Hill
Formation and oceurs at the top of the formation immediately underlying the
Tarcowie Siltstone; Gold bearing quartz veins follow the strike and dip of
this sandstone which thins o the cast and west fron a naxirum of approximate—
ly 50fte in the town arec. Quartsz veins die out to the west corresponding
with the the thimning of the sandstone. A4t the Ajax Mine, 7 miles south-
southwest of the Waukaringa mines, similar gold bearing quartz veins arc
asscelated with the same sandstone unit, which here dips north on the southern
limb of the Waukaringa Syncline. The intimate association and similar orien;
tation of the quartz veins and sandstone unit indicate probable structural
control of mineralisatione

The Waukaringa Goldfield incluies twe large mines, the Alma and
Vietoria and the Alna Extendel (later "Glenunga Mine"), and several smaller
mines and prospects. 4t its peck the Alme and Vie toris line enployed 140 mep
and treated 300 tons of 2re per weck. Gold ccours with pyrite, arsenopyrite
and caleite in quartz veins upto 5fte wide; rich peckets of ore oceur through-
out the veins probably in oblong patchese Approximately 23,0G0o0z. of gold |
with an average grade of 16dwte 20srs. per ton were obtained frem the Alma and
Victoria Mine. Unfortunately nc production figures are readily available for
the Alms Extended Mine but proiuction wns probably considerably less than the

Mma and Vietoria.
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Workings at the Alma ond Vietoria line are extensive with 412 shafts
and 6000fts of drives. Five of the shafts are unierlie shafts following the
dip of the vein (approximately EOC s¢uth), the {eepest of these being 1180fte.
A 995fte Ceep shaft with varisus levels from which some driving, crosscutting
and stoping were carried cut fomsthe ncin workings of the Jlma Extendeld Hinc,
The shaft was vertical for the first L70f%. and then turned to 32° from the
horizontal to become an underlie shaft following the dip of the vein. The
ore was crushed, roasted and amalgematel at the mines.

The workings at the ijax line comprise several small shofts and
drives; the main shaft is 3550t. Jeep ond underlies the lode. The prinary
sulphides occur at the 2ift. level in the main shaft, approxinately 140ft.
below the surface.

Mte Grainger Goldfields

The Mte Grainger Goldfield is situated north of Oodlawirra in the
nose of the Mte Grainger Anticline. The field consists of one large mine,
the Mte. Grainger Mine, and several smaller mines including the Melora, Golden
Junction, Heather Bell, Aurecus Line and the Dustholes. MNost of the mines and,
prospects occur in the Appile Tillite but the iureous Line is lcoatedl in the
Tarcowie Siltstone and the Dustheles ot the base of the Guubowie fLrkose Manber,
The Mte Grainger Mine is 6% niles north of Gollewirra and the Dustholes 2 miles
northencrthwest of the latter mine, The fiel! was worked between 1894 and |
1916 and total producticn wes approximately 3,6000z. of olld averaring 9+90whe
ber ton, of which the it Grainger Mine procuced approximately 244000z

This goldfield has been the subject of reports by Jack (1913),
Segnit (1938, 1939), Hiern (19632), Fairburn an< Nixon (1966) and Wright (1966).
Jack mapped the geology of the arca and examined all accessible werkings; he
concluded that mineralisetion had been controlled by structure and that veins
along bedding=slip plenes were the nost likely to persist at depthe Segnit
suggested that the Gclden Morn Mine (near the Dustholes Mine) was located in a
crush zone of an important fault, this fault is one of a complex series that
Segnit proposed to duplicate the tillite, and its validity is doubtful, Faipr—
burn and Nixon concluded that most of the gold production in the Mt. Grainger

Mine was from a zone of hydrothernal wall rock alteration which was structural-—
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ly controlled by local direetions »f £olding and shear jointing and strati-
graphically contrelled by on arkesic tillite unite Wright emphasized that the
strongest mineralisation in the arce <ccurs at the base of the tillite in a
fractured sandstone-quartzite overlying impervicus silitstones and shales.
He also suggested that the source ~f hy’rothermal mineralisation was the
axlesite dykes in the Mt. Grainger Diapir southeast of the goldfield,
Manganese
Several small manganese depcsits cccur on ORROROG centred mainly in
the Garricton area. Some of these deposits were worked towards the end of
the last century and have been summerised in Browns Record of Minese A few
of the deposits were reworked in the early part of the Second World War but
production was only in the order of a few thousand tons of ore. Total pro-
duction of ranganese ore, primarily pyrolusite associated with manganite and
psilomelane probably with a grade between 30 and 50% manganase, was in the
order of 40,000 tc 20,000 tonss 4 short summary of the Booleunda and Muttabee
nangenese mines is given belowe
Boolecunda Mangencse Mine:
This mine, formerly kncwn os the S~uth Australia ifine s is situated
12% miles north-northwest °f Garricton on the eestern limb of the Urconda Syn-
clines The mine consists of scveral open cuts aleng four manganiferous lodes
which are parallel to the strike of the red brown siltstones and sanistones of
the Elatina Formation in which the @ p"srb occcurs. The lxles are between 2
and 9fte wide and congist of Pyrolusite, manganite and Iysilon;elane. When th§
wming was first opened up (1832-3) it was worked by five vertical shafts s & :’
140fte long tunnel and drives totalling 280ft. Production was reported to bé
3000 to 4000 tons per amnun in 4890. The mine was worked again in a small vvéy
between 1938 and 1940 and profuced o little ore averaging L% In nganese, though
samples taken in 1938 by the Inspector of Mines (ATe Armstrong in the M:u.nlnb
Review Noe 69) showed grades between 18% and 35% Hanganeses
Muttabee Manganese Mine:
This mine is loocated 9 miles west-southwest of Garrieton on the
eastern limb of the Horseshoe Syncline, The mine was prebably first worked in

the latter part of the 49th contury and wes again worked spasmocically between
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41940 and 4949 when 2,045 tons of ore averaging 5056 menganese were produceds
Mensfield (1949) and Rideway (1950) inspected the mine; Ridgway produced a
map of the surface geology and mine workingse Beoth concluded that the mangan-
ose ore hed replaced "marl and carthy lime" £illing scluticn covities within
a sandy dolomite (Etina Formation) and, in places, also replaced the dolomite
itselfe No further rescrves were found. The dolomite thins out rapidly to
the north and scuth thus limiting the area of pessible cavity £illing and
dolomite replacement which hos proluced this deposite

Iron Flux

Iron flux has been mined at several localities on URRCR00, the most
important deposits are Donmelly's Ironstone Quarries and the Oodlawirra Flux
Quarriess Total production amounted to approximately 38,000 tons, all of
which was used for fluxing lead ore from Broken Hill at the Port Pirie
smelters of the B.H.P, Companys The quarries were worked in the latter part
of the 19th century and the first few ycars of this century until the richer
deposits at Iron Kneb were cponed up in 19uv3. Jock (1962) and Whitten (1964,
1966) have discussed these arcas in coriprehensive cccounts of the iron ores of
South Australia. Whitten has prepared (etailed naps of Donnelly's Ironstone
Quarries and the Codlawirra Flux Quarries,

Oodlawirra Flux Quarrics:

These quarries are situated L miles northencrtheast of Oodlawirra
in the southern part of the Mte Grainger Diapir. The ore is predominantly
limonite with minor hematite; in places -the limonite is siliceous and f'ormsl
prominently outcropping "blows"s The workings consist of a series of cpen
cuts and pits from which 18 »000 tons of + 51% iron ore was extracted. A4 little
ochre (?50 tons) was later extracted from cne of the scuthern quarries., 4
tramwey comnected the quarries with the Broken Hill=Port Pirie narrow gauge
lines Whitten (1964) estimated reserves at 20,000~50,000 tons at alalaroy,inlatély
}51%' irone |

» Whitten (ops cit.) believes that the deposit is a surficial replace-
ment of favourable brecciated bods relatced te Tertiary and Recent weathering
of the existing land surfacc. apprexinately 1%- niles scuth of the southern

quarry an old surface (shown os Tertiery ~n Q;RRDROO) stands isolated above the
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present glluvial flat at a similar heijht to the linmcnite of the guarries.
It is suggested that the reploeemunt at the quarries tcook place during the
formation of this surface and is of probable Tertlary ages

Donnelly's Ironstone Quarries - (omsucck liines

These quarries are located 412 miles north ~f Quorn in the keel of
the Mte Arden Synclince. The cre ccnsists of scattered cuterops of limeonite
and hematite which has replaced shales and siltstones of Lower Cambrian age.
Whitten 964) suggested that the deposit was related to a former land surfaces
Production was 17,500 tons of ore with a grade probably around 50%. Jack
(ope cite) estimated reserves in the order of 306,000 tons, later Whitten
(1 961;.) agreed with this figure and zave o possible upper limit of 350,000 tons
with a probable grade of 5(% iron.

Pekina:

Limonite deposits cap a few small hills in the Pekina Syncline just
to the south of Pekina Township. These deposits are believed to be related
to an old Tertiary surface and are shown as Tertiary outcrep on CRRORGO
Jack (1922) stated that several thousand tons of irecn flux were sent to Port
Pirie from a limonite capping 3 miles south of Pekina. The grade was very
variable.

Devils Chinney:

This deposit, which consists predominantly of micacecus hematite
with miner limonite is situated 3 miles east of "Yaelpara" on the possible
extension of the Paratoo Fault (Fige L. ’Orawfordmpped. the ndePOSit in 1955
and leid out a diamord drill hele. Whitten (1961) supervised the drilling of
two holes totalling 558fte 6 inss which proved not more than 5,000 tens of
specular hematite (approximately 55/5 iron) per 100fts strike length per 400ft.
depthe Strike length is only in the crder of a few hundred feet, consequently
the deposit was considered too small for further interests Whitten (1966) ;
thought the deposit was s3tuated within a diapire Recent mapping has neithex::'
proved nor disproved this theory as outcrop is poor and the area is shown

as surficial deposits on ORROROQ.
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Non=Metalliec Mineral Deposits

Rock Phesphate

Phosphorite has been mined et several localities in the scuth-
central and central parts of (RROR0Q. The most importent deposits are situa-
ted 2 miles south of Orrsroo, 2k mileus scutheast of Tarcowie, 1 mile south-
southeasf of Pekina and 5 miles ncrth-northeast of Jehnburgh. The deposits
wexre worked in the early part of {this century; produetion figures are not
readily available but total production must have amcunted to only a few
thousand tonsg of phqsphorite with a grade of possibly 15-25% Polge

Jack (1919) discussed these rock phosphate depeosits and pointed out
that they are usually associated with limestones and that they are irregular
in shape with little strike length. BSuch features, he suggested are inconsist-
ent with a primary bedded deposit. Jack believed the deposits were formed by
replacement of limestcne at favourable localities by percolating groundwater
containing phosphoric acide He suggested that Pavourable cenditions would
exist when drainage, possibly associated with a Tertiary surface, was con=-
centrated in areas of fractured limestonec.

Brook (1962) mapped the geology of the phesphorite deposits on
ORROROO and also produced a map of the regional geology in which thesc de~
posits are locateds Brock thousht the phosphorite was a2 primary bedded de-
posit (up to 9ft. wide with 20=3055 P205) essceiated with the Brighton Limecstone.
Breccias are commenly asscciated with the phosphorite and Brook suggested that
they may have resulted from infilling of cavities which formed by removal of
the phosphorite by sclution. Brook suggested that economic grades of phos-
phorite would exist below the zcne of s-ludien cavities and. laid out two drill
holes to test this hypothesis. ZILater drilling at the Orroroo deposit did not
confirm Brook's suggestion as grades were lowe

Forbes (1960) sampled the phosphate doposits at Tarcowie, Orroroo
and Pekina and found average grades in the quarry faces to be 16% Pp05 at
Tarcowie and 12% P05 at Orroroo. Forbes also preparcd o geological map of
the Pekina area showing results of surface sampling of the Pekina phosphade

deposite
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A recent survey by tihe Exploration Services Section of the Depart-
ment of Mines with a sensitive, vehlcle=-mounted scintillometer in the Tar-~
oowie, Pekina, Orrcrco area has shcwn localities with radicactivity higher
than background (possibly asscciated with uranium phosphate) at several
horizons in the Umberatana Groups.

Deposits of guano in caves in the Etina Formation along Buckalowie
Greeck, 9 miles east-northeast of Belton, were worked in the last centuwry. No
production figures are available. Speloclogists from the University of
Adelaide report that the caves are quito extensive but little guano is lefte

Magneéite

Thin bands of sedimentary magnesite (generally o conglomerate) ocour
within the Skillogallee Dolomite throughout the Adelaide Gecsyncline and cocur
within this unit on ORRORO0. Magnesite has been worked in the Port Germein
Gorge and at Johnmburgh on ORRORO0 and at Saltia on AUGUSTA. The Port Germein
Gorge depesit was worked spasmodically from 4947 to 4956 by the B.H.P. G2,
Ltds and produced 4255 tons which wos used betwecn 41940 and 1953 as a re-
fractory lining in steel furnaces. Production from Saltis totalled 2423 tons,
the bulk of which wes used by menufacturing chemists in Adelaide. King (41953)
mapped these twe arecas for the Port Pirie Chemical Plant ond concluded that
their requirements of pure magnesite could be met from either deposit.
Sampling of the workings carried out by King gave an average Mg0 ccntent of
approximately 45%e Tho magnesite depcsit gt Johnburgh is 5’; miles northwest
of the town in the core of the 0laddie Antiolino. Segnit (1940) mapped thié
deposit and estimated preved reservos o be only 1840 tons of magnesites RKe
Johns summarized these depesits in Bulletin 38 (Johns 1963).

Forbes (1961, v, 248) suggosted that the nagnesite beds were Ge-
posited in a paralic enviromment. During periodic regression of the sea the
magnesite was eroded and redeposited as bands of conglomerate in deeper watcr,

Goal

Triassic coal cecurs in two small basins, the Springfield and

Boolcunda Basins, in the east of the Willochra 463,360 Sheet. The combined

area of the basins is only in tho order ~f 4% square miles and maximum thick~-
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ness of Triassic sediments in the basins is less than 3,0005t. (The strati-
graphy of the Triassic sediments has been discussed in o previsus section),
A stratigraphic bore drilled during 1958 in the Springfield Basin (Johnsen
4960) revealed seams of high ash coal; subscquently a series of shallow holes
were drilled to test for an economic cpen-cut ccal deposite This drilling rer
vealed a number of thin seams (1 to 2fte thick) ond one scan 12f'te thick
which has 30% ash and only a limited srecl extents We Johnson (ops cite)
concluded that no eecncmic ccal deposits were presente

Clay

Boalerco CGentre:

This clay deposit is situated 3 miles east of Boolerco Centre in
siltstones and sandstones of mid~Torrensian age. The deposit was first wcrked
in the early part of this century by tho BeHePs Coe Ltde for use as a re-
fractory bonding claye In recent years the deposit has been worked for
pottery claye The clay has been dosoribed (Gaskin and Semson 1951) as a
plastic fine~grained kaclinite assceiated with fine quartze

Wade (1952) inspected this deprsit in 1954 and estimated reserves
at 37,000 tons of white clay. Gibsen (1954) recalculated reserves at
approximately 32,000 tons after the depeosit had been drilled in 1953+ Physi-
cal ani chomical examination of the cley (Zllerton, 1953) indicated that the
salt content was too high for high-grade refractory use but after removal of
the salt the clay might be incorporated in whiteware pottery. Hiern (1957)
has more recently visited the deposit and considers that furﬁher drilling is
required to establish the measured reservess

Simmonston:

This depcsit is located on the east bank of the Willochra Creek
approximately 1%—miles north-northwest of Simmonston. Miles (1954.) inspected
the deposi? and recommended further investigation including systematic
samplings This was cerried out by Shepherd (1954) who caloulated reserves
of elay at ®7200 cu.ydse. per horizontal yard over 1200ydse along the creek
bank"s The clay, which consists of deccmposed Lower Gambrian shale, is not
suitable for whiteware Pottery or refractorics but could be used for brick

manufacturc,
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Other clay deposits on OR0RO0 listed by Gaskin and Samson in
Bulletin No. 28 (1951) ave looated near Willowie s Kanyaka, Paratco, Oodlawirra
and Peterborough. Ulay elso cccurs northwest of Yatina (Hiern, 1957).

Veins ~f barite have been werked in the north bank of (laddie
Creek approximately 3% miles west-southwest of Johnburghe The depcsit is
located in a crush zone in the core of the Oladdie Anticlines A4 diapir has
been intruded along an important easte-west fault just to the south of the
deposit. The deposit was worked about 40 years ago but the barite was only

of low grade due to pink and brown colouration and little cre was produced,

Constructional Materials

Diorite

In the course of geclosicel meoping of the Paratoe 1:63,360 Sheet
plugs of diorite intruding diapiric breceia in the core ~F the Parateo Anti-
oline were reccgniseds This diorite was mappod by Hiern (41965) and érilled
by the Department of Mines as a scurce of ballast Por the Sede Reilwoys.
The Highways Department contractcd with the S.he Railways %o extract the
dicrite for road metal and during 4966 large quantities of the rock were
quarrieil and ecrushed. Unfortunately the dicrite deccmpesed rapidly on ex-
posure to the atmespliere and it wes nct entirely suitable for its intended
use; large quantities of the crushed matorial are still standing near the
quarTys

Quartzite

Hiern (4 963, 1965, 1966) has investigated several quartzite
deposits on ORROROQ as souroces of ballast for the Seds Railways. One investi-
getion (1966) approached the preblem of locating suiteble ballast sites eon |
st‘ratigra.phioal principles and a reccnnaissance map showing outocrops of
suitable quartzites was ccupileds Onc of these quartzites (proba.bly the
Minburra Quartzite) is being worked for ballest for the S.h. Railways about
3% miles south of Naockara. Anc~thor quartzite deposit, situated about 2 miles
northeast of Black Rock (egain brobably the Minburra Quartzite) s Was investi-
gated by PeJe Russ (1966) and is also being worked as ballast for the S.A,
Railwayse
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Road Metal and Rubble

Little gécicg;icél advice has been given on locating materiels for
graded road construction on (RRUROC, hewever, Hiern (41964) mapped the geology
of the Orrorco and Tarecowie area and suggested sites for potential road metal
quarriess. ‘

Galereted gravels (kumkar) and pertly weathered shales and silte
stones are commonly used as road rubble on ORROROO0« In the west of the
suwrvey area siltstones from the lowor part of the Willochra Formation have

been used extensively for this purpose.
HYDROGEQLOGY

As the rainfall of the URROROQ area is low (see Fige 3) the supply |
of groundwater for stock is of considerable importances. Groundwoter salinity
is fairly high in the area and ususlly increases to the north and cast with
decreasing rainfall. Salinity of shallow groundwater usually varies between
1,000 and 10,000 pepeme deponding on the position of the bore in relatien to
intake of fresh waters Pressurc wator occcurs in the Willochra and Walloway
Basins; salinity of this water is leoss variable and usually lower than
shallow nen-pressure groundwoters

The ORROROG area can bo divided inte several broad hydrogeological
entitiest the Willochra Basin, the Welloway Bagin, the Koonamore Plain ani

basement outcrops These divisions are shown on Pige 24

Willochre Bagin

The Willochra Basin is situated in the west of the survey area and
forms a north-south valley appreximetely 50 miles long with a maxdimum width
of ten miles. Up to 600ft. of Gainozoic sodinents lnve been deposited on
folded and faulted Adcleaide System rocks which form the floor of +this basin,
Pressure water cccurs in Tertiary silty sands at depth in the basin, Bores
near the centre of the basin which have penctrated these sands yield a small
flowing supply. Shallow non=pressure groundiwater cccurs throughout the area

but supply is variable and is o ten saline.
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EePD. 0'Driscall (41956) earricd ~ut a hydrogeclogicel survey of
this basin in 49534 and concluded that pressure water suitable for stock
occurs practically throughout the arecs The salinity of this water increases
from south to north and is lowest at the foot of the Mte Remarkable Range
where the salinity is just over 1,000 pe.peme To the north the salinity
inoreases to about 7,000 pepene The lower salinity in the south is due to
recharge from the Mts Remarksble Range which receives an average rainfall of
22 inches per anmum. Rainfall to the north and cast falls rapidly t- less
than 42 inches per onmum and the aquifer achieves little rocharge away from
the Melrose Wilmington arcae.

The aquifer is thickest in the southern part of the basin and thins
to the north over a basement hishe Permeability of the aguifer is low and
movement of recharge water is slow; 0'Drisc-ll estimated maximum yicld to be
about 150,000 to 250,000 gallons per day. 4s the recharge is chiefly in the
south of the basin and as the aquifor is thickest here and has low e rmea~-
bility it is apparent that the pressure water will nly be of importance in
the southe

Welloway Basin

This basin is situated in the contral and south-gentral parts of
ORRORO0 and forms o norrow north-south valley approximetely 40 miles long and
up to 8 miles wide. Pressure water cccurs in Tertiary silty sands at depth |
between Orroroo and Johnburgh, but has not been fully exploi‘ted. owing to
blockage of the bores by the fine silts of the aquifer. Average salinity of
this water is 1,800 tc 2,000 pepeme Shallow non=pressure groundwater ocecurs
throughout the basin but supply is variable and salinity of'ten high; average
salinity of' 110 samples (Sprizg 1950) was 3,800 pepeine bus sd inity reaches
+ 12,000 pep.ms in scme bores.

Sprigg (op. eit.) corricd cut a hydregeslogical survey of the area
in 1949 and concluded that the pressure waters of the basin are probably fossil

and may be comnate thus limiting the amount of water available. A gravity
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survey of the basin was undertakon by the Bureau of Mineral Rescurces in 1950
(Plan Refe 50=449) from which Sprigg postulated that the western side »of the
basin wag dalineated by faulting. Sprigg suggested that the basin was a
"greben" structure which mey or may not have post-dated Tertiary sedimentation
in the basin. A4bsence of pgravels in these sediments was taken by Sprigg to
indicate probable pest~depesitional bleek-faulting of the basine No evidence
of Tertiary faulting was found in this area during recent figldw-rk for the
Orroroo 4:250,000 Sheete.

Hillwcod (1964) has recently carried cut further hydrogeclogical
investigations in the area ond has supervised drilling of a bore to tap
pressure water about 2 miles northwest of Orrorco. This bere has been success—

fully screened to prevent blockage by fing~grained sand and silte

Kocnameore Plain

This plain is lccated in tho northeast of the survey area on the
Koonamore 4:63,360 Sheet end is about 20 miles long by 10 miles wide elongated
in an east-west direction. Pressure woier has n~t been found in the area,
prebably because very few beres have been crilled and also because existing
bores are shallow. This locality could well have been an area of Tertiary
deposition in an intermontane basin similar o the Willechra and Wallaway
Basinse If this was the case the ares must be considered as a possible scuree
of pressure woter.

It has been pointed out in a previous section on ph&sicgrephy that
surfaece drainage from a large area reaches the Kconamere Lakese <Ihis drainagg
ccllects in the southernmost lake and in a season of average reinfall provides
good stockwaters In a season of high rainfall surface water collects in cther
lakes in the area but scon deteriorates due t~ lack of recharge, |

Shallow non-pressurc water prebably ocours threughout the area, but
owing to the lack of bores hes net been proved. Bores that have been drilled
have e salinity of sbous 5,000 pepeme but like -~ther shallow water the selinity

of future bores in the arca c~uld vory encrmouslye
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Basenent

Shalleow non-pressure walter ccours in areas of basement outerop
but supply and quality are very variable. Supply depends on the permeability
of the rock and guality usvally depends on the position of the bore in rela-

tion te loecal freshwater intakes
ATRBORNE MAGINETIC A0 RADICMETRIG SURVEY

An airborne nagnetic and redismetric survey of CRROROC was ocarried
out by the Bureau of Mineral Resourccs in 1965, Total magnetic intensity
profiles, radiometric profiles ond a magnetic interpretati~n map of the arca
wore prepared by Tipper and Fimney (1965). A series of 1:63,360 and &
1:+250,000 total magnetic intensity contour maps have been prepared by staff
of the Departuent of Mincs from the resulits of +the SUrvey.

Over much of the URROROQ area, especially the southeast, tle mag-
netic expression of the deep basement is masked by near surface rocks. This
masking effect increases towards tho southeast and Tipper and Fimney (ope cit.)
suggested that it was due to either nagnetic disturbance from metamorphised
rocks, pessibly associated with e subsurface igneous bady, or to a regional
increase in sedimentory iron. Field werk supports regional hetamorphism as
the masking effect. Tipper and Finney divided the area into six zones of
specific magnetic character and analysed individusl zones,

In the northwest of the Survey area magnetic disturbance from surface
rocks is low and it is pessible oo celeulate depth to magnetic basement (pre~
Adelaidean basement)., The value cbteined by Tipper end Finney was about
25,000 tc 30,600ft. which fits quite well with expected thickness of the
Adclaidean in this arca, Tipper and. Fimney postuleted o rise in basement
toewards the southwest but this has net been supported by a receni gravity
survey carried out by the Departmoni of Mines which revesled & substantial
thickening of the Adelaidean in this arca. Apart from a value of 144000t to
magnetic basement in the extrene nertheastern corner of the survey area no

further depth caleculatisns could beo ca:&-iecl oute
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One of the zones cstoblished Ly Tipper and Fimmey is characterised
by a negative anomaly which is assccicted with the Tindelpina Shale Membor
in the southeast of CRROR(U0« It wos found that the negative values were only
obtained on east=dipping beds of this shale meuber and it was suggested that
the shales (which contain minor pyrrho*i:i‘be) were remnantly magnetised prior
to folding, such that the polarity of the present magnetic ficld from the
shales is a function of geological dip.

A zone of high positive anomely, mainly over 600 garmas, is
associated with a ferruginous siltstone ot the base of the Appila Tillite
in the nose of the Waukarings Anticline. Another zone with positive anomaly
mainly less than 4100 to 200 gammas is centred around the nose of the Waukar—
inga Anticline. This zone was suggested by Tipper and Finney to be due to
local metamorphism associated with an intrusive igneous body, possibly a
granite. If a granite exists at depth in this erea the gold bearing quartsz
veins in the Waukaringa region are probably related to it.

Profiles of radiosctive intensity rccorded by an “inboard" scintille
ometer were prepared by Tipper and Finney (op. oi't.). Difficulty was ex=
perienced during recording as it wes Pound inmpracticeble to maintain a con-
stant ground olearance nccessery for cocurate resulis. Gontours of radio~
active intensity tond to cut across siratigraphic bounderics on ORRCROO. Tim
general level of radioactive dntensity was 40 counts por second but was
higher in the east of the survey area in the zone postulated from magnetic
evidence to be underlain by a granite. ‘he Burra Group generally has o

slightly lower radioactive content than the Umberatens And Wilpena Groups,

GRAVITY SURVEY

A gravity survey of BIRRA and the southern mrt of URROROO has
recently been carried out by the Depar“cmen‘b of Mines and a contour plan of
the Bouguer anomdliss drawn., This survey has revealed an elongate north-south
trough along the western part of the map area. The deepest part of the trough
is located in the Gladstone regione This “rough coincides with a proved
thickening of the Burra Group in the area (see orcss-seeticn on the published

map) and indicates a probable thickening of Willouran rocks,
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APPENDIX I

Petrological descriptions of samples representative
of rock units on ORROROO by staff of the Australian Mineral
Development Laboratories, Locations of samples are shown on
Fig, 1o,

1, (TS.17293, P82/66) Rhynie Sandstone
(Description by D, Smale)

This is a massive feldspathic quartzite in which

secondary overgrowths have caused the formation of a complete
mozaic, The specimen is somewhat mottled, but generally has
a colour of 1 OR 6/2 (pale red), The grain size is 0,08 to
O.4 mm, Feldspar forms about 15% of the rock, and is mostly
microcline; some is string-microperthitic, Both quartz and
feldspar grains have secondary overgrowths; rarely the
original well rounded shape of the grains can be discerned,
Rare small ferruginous grains having octagomal cross~sections
are scattered irregularly through the rock; their presence
caused the mottling of the hand specimen,

2, (715.17627, P470/66) Rhynie Sandstone
(Description by D, Smale)

This is a fairly massive, yet distinctly stratified,
poorly sorted argillaceous orthoquartzite witha colour of
1 OR 7/2 ( very pale red), The rock consists of a mozaic,
about 20% of which consists of argillaceous or empty units;
the rest is quartz, and the grain size is 0,06 to 1,1 mm, A
few grains are altered microcline that has been completely
sericitized, Muscovite flakes are rare, Rounded opaques are
fairly common accessories, rounded ratile, subrounded clear
zircon and brown zircon are less common accessories, Much of
the rock is somewhat dirty and stained, especially in the
regions of greater concentration of heavy minerals,

3. (TS.17376, Pl 66 Cradock Quartzite

Description by D, Smale)

This is a massive, fairly coarse feldspathic quart— .
zite (nearly arkose) in which secondary overgrowths on the
grains have been sufficient to form a complete mozaic, The
overgrowths on the quartz are more pronounced than those on the

feldspar, though both are present, The grains are well-rounded,’
The colour of the hand specimen is 10YR7 /3 (greyish—orange).

The grain size is 0,15 mm to 1,0 mm, Feldspar forms 10 to 15%
of the ruck, and most is potassic, but some is sodic plagioclase,
Numerous cavities are present, the size of several individual
grains, and are partly filled with slightly ferruginous clay,

b, (185.17632, P475/66) Minburra Quartzite
Description by D, Smale)

This is a massive, well-sorted orthoquartzite with a
colour of §Y5/0,5 (olive-grey) and a grain size of 0,1 to 0,3 mm,
The rock is a mozaic, and considerable recrystallization has
taken place at intergranular boundaries, The quartz is weakly
stained, The original grain shapes are not detectable, but the
Present mozaic units are fairly equant, Rhombs and irregular
masses of dolomite somewhat smaller than the grain size of the
rock form 3 to 5%, 4 little clay is present in aggregates,
Irregular opaques and rounded thumaline are accessory, The
tourmaline is blue or bfown, and though the grains are roumded,
very smal}l projections of uncertain origin are present,
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(Description by D. Smale)

This is an olive-grey (5Y4/1) siltstone with a grain
size of 0,01 to 0,1 mm, It is slightly bedded, but the hand
specimen has generally a fsirly massive appearance, The frame-
work forms about 50% of the rock, and has the composition of
an arkose, Most of the feldspar is potassic, but a little is
Plagioclase., A few muscovite flakes are present, and opaque
grains form about 2% of the framework, The matrix is virtually
unidentifiable optically, and appears only as a cloudy mass;
clay (with low Birefringence) anu cryptocrystalline silica are
probably the main constituents,

6, (TS,18176, P682/66) Tillite
(Description by 4.B. Simpson)

This rock is obviously clastic in origin, for it
consists of sub-angular fragments of variaus sizes and compo=-
sitions set in a very fine-grained matrix which is pinkish-
brown in colour, No bedding is descernible in tihie hand speci-
men,

In thin section, the fragments in the rock are seen
to consist mainly of guartz, They range from 0,0l mm to about
1 mm in size, the smaller fragments being clearly angular
while the larger have sub-rounded outlines, Feldspars are
pPresent also, but do not show such variability in size,
Twinned plagioclase is the most commonly occurring vari.ty,
but micorcline fragments were also noted, Fragments of car-
bonate mineral, and of rock entirely composed of carbonate,
are distributed throughout the rock, but the amount is rela-
tively minor, X-ray examination showed that dolomite alone is
represented, Some of the fragments are of chert, others are
of chlorite, while still others appear to have been igneous
types originally, The largest fragment in the section (18 mm
across) is composed of feldspathic sandstone,

The matrix in which these coarse constituents cccur

in random orientation is very fine-grained (less than 0,0l mm)
and appears to consist of chlorite, abundant granules of
hematite, scattered shreds of muscovite, and tiny grains of a

carbonate (dolomite), Some grains of green pleochroic tourma-
line aecur in very minor amounte ‘
Estimation of mineral composition is not particularly

significant in the case of a sediment showing such a wide range
of grain sizes, but was made as follows:

Vol %
Quartz 50
Feldspar 5
Dolomite 5
Chlorite 35
Hematite 5

The rock appears, from its unsorted and unstratified
nature, together with the variety of composition of its clastic
constituents and the fineness of its matrix, to be a tillite,

7. {(1S.18211, P717/66) Tillite
Description by A,B. Simpson)

This is a gritty grey rock containing a variety of
poorly sorted fragments, the largest of which exceeds 14 mm in
length, The fragments are of varied composition, No bedding
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is obvious in the rock, but a very poorly developed fabric
is to be seen in hand specimen.

Under the microscope, the rock is seen to consist
of fragments of various sizes and compositions set without
marked orlentation in a very fine-grained matrix. These
fragments vary in shape from rounded to angular, and in size
there 1s a continuous gradation from that of the matrix con-
stituents (average about 0.02 mm) up to the maximum noted in
hand specimen. Some of the fragments are monomineralilc
(quartz, plagioclase and microcline feldspar, calcite) while
others are of lithic character (gquartzite, limestone,
sericitized rock, and feldspathic igneous rock). The matrix
consists mainly of guartz, with galcite the next most impor-
tant mineral. Sericite is also present in lesser amount,
and the sub-parallel arrangement of its flakes and of a few
of the more elongate quartz and calcite grains in the matrix
impart a rudimentary fabric to the rock. A few grains of an
opaque mineral occur in the matrix together with a very small
number of zircon and tourmaline grains.,

The mineral composition of this clastic sediment is

est‘mated to be:
Vol Zo

Quartz 7
Calcite 1
Feldspars

Sericite

Opaque mineral

fLiccessories

=~ N~ oW

The rock appears to be a ?2tillite the matrix of
which has been recrystallized. Its calcareous content is
presumably an original fcature,

8. (T5.18212, P718/66) Sandstone in Appila Tillite
(Description by A.B. Simpson)

This is a medium-grained, porous arenaceous sedi-
ment, yellow in cOlour and rather friable., It is distinctly
bedded, there being slight colour variations from one bed to
the next. Some whiter bands react with acid, but the bulk
of the rock does not.

Essentially this rock is composed of a mosaic of
guartz grains, but a distinct mineralogical banding is super-—
imposed on this mosaic texture, The chief constituent, gquartz,
occurs as grains of approximately polygonal outline in close
contact with one another, there being virtually no cement
visible in most parts of the mosaic, The average size of the
grains lies in the region of 0,25 mm. Two feldspars are
represented in the rock - microcline and plagioclase - and
appear to be approximately equal, though minor, in amount.
Lithic fragments also were observed. They consist of chert
and a rock completely replaced by a fine-gralned aggregate
of sericite. Like the feldspar grains, they are not con-
fined to any particular part of the rock. This is not true
of the calcite present, which occurs interstitially to the
fragments only in certain bands. In some places ?limonite
is associsgted with this carbonate, but occurs also in rather
variable amtunt throughout the rock. Some of the bands are
defined by somewhat higher concentrations of this mineral,

A few shreds of muscovite, possibly clastic in origin, are
scattered through the mosaic. Tourmaline, zircon and an
opague mineral occur as accessories in the sediment.

Ry
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The proportions of the various minerals present
are approximately:

Vol 20

Quartz 6
Feldspars

Calcite

?2Limonite

Lithic fragments

Muscovite and accessories
Voids 10

N~ oW,

The rock may be named a galcareous guartzite.
There is no evidence of the rock having suffered any meta-
morphism,.

9. (T8.18178, P684/66) Tapley Hill Formation
, { De?'s-c‘rzip't_i on by A.B. Simpson)

Dark blue-grey in hand specimen, this rock is
very finely bedded or varved., It is very fine-grained
throughout.

In thin section, the main mineral in the rock is
seen to be guartz, which occurs in most cases as angular
grains, with sub-angular in lesser amounts. There is some
sire variation but the average falls about 0,02 mm. Feldspar
grains are present also, and as previously noted are almost
entirely composed of twinned plagioclase, with minor amounts
of microcline in evidence. Grains of carbonate which failed
to respond to staining tests are scattered in fair amount
through the rock. This was shown by X-ray methods to be
calcite and dolomite, with calcite the more abundant of the
two,.

Shreds of miuscovite are fairly common and tend in
places to lie parallel to the banding in the rock, whereas in
others their orientation appears to be random. Chlorite
occurs intergrown with this mineral, and may be present also
in the very finely divided and abundant cementing material,
along with 2clay minerasls. Opague minerals are present in
small amounts, some of the grains showing euhedral crystal
vutlines. Zircon, 2sphene and tourmaline are the accessories.:

The fine banding in this sediment indicates some
sort of rythmic deposition. The dark bands are characterized
by a greater proportion of clay minerals in very fine form,
but throughout all of these bands quartz and feldspar grains
of the normal dimensions occur without disruption of the
bedding. There is also a complete absence of grading. These
observations indicate that the bandingis not due to a straightr
forward process of varve formation.

The approximate mineralogical composition of the
sediment is as follows:

Vol
Quartz 60
Feldspar 2
Calcite and dolomite 5
Muscovite 6
Chlorite 5
?Clay minerals 20

Opagues and accessories

The rock may be termed a carbonate—bearing giltstone.
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10, (TS.18236, Pup/66) Tapley Hill Formation
Description by A.B. Simpson)
In hand specimen, this rock is very fine-grained and
has a very distinet fine fabric., It is almost black in colour.

Vigorous effervescence is produced by application of dilute
acid.

Microscopically, the specimen bears a certain
similarity to P745/66, but is texturally different from that
rock. Sub-angular grains of guartz and very minor associated
ﬁlagioclase feldspar are set with some degree of orientation

n matrix of phyllosilicate and carbonate minerals. All of
the minerals are of similar dimensions, the average size
being about 0,02 mm, Sericite and chlorite are fairly pro-—-
minently represented, and have a moderate degree of parallel-
ism of orientation. Brownish-yellow 2hydrobiotite also
occurs in some quantity in association with the other phyllo-
silicates. Calcite is readily distinguishable by its staining.
The dolomite in the rock has a similar oceurrence as fairly
equidimensional grains, and is stained and rimmed by ferru-
ginous material. Scattered irregular grains of hematite and
an gopaque mineral were observed in the rock.

The sediment is therefore mineralogically similar
to P745/66, but appears to have suffered a slight amount of
shearing or similar dynamic metamorphism. This is shown by
the fine dark crush lines running through the rock in a
common direction parallel to the preferred orientation
displayed by the platy minerals.

The rock's composition is estimated to be:

Yol zo

N

lls 1V BN Jo X T Ne

Quartz
Plagioclase
Calcite
Dolomite
Sericite
Chlorite
?Hydrobiotite
" Hematite and opagues

i

This sample may be considered as a glightly meta-—
morphosed dolomitic siltstonc.

14. (T5.,184 P683/66) Tindelpina Shale Member
Description by A.B. Simpson)

In hand specimen, this rock is a very fine-grained,
dark grey shaly variety. It is finely banded, and has a
marked lamination which coincides with this banding. Thin
veinlets of white carbonate traverse the rock,

Under the microscope, the rock is seen to be com-
posed of angular and sub-angular grains of guartz with sizes
sizes ranging from 0,04 mm to 0.0l mm. SimgiarIy sized
fragments of plagioclase feldspar occur, but in very minor
amount. Gralns of carbonate are distributed throughout the
- rock, and were shown by X-ray analysis to consist of both
galcite and dolomite, with the former predominating
slightly. tThe veinlets are of calcite., Plates of muscovite,
in places in parallel intergrowth with chlorite, occur in
random orientation in the rock. The main cementing medium
appears to be very fine-grained 2clay minerals, but in some
of the bands iron-staining indicates some of the cement may
be ferruginous, Opaque minerals occur in the rock, They
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tend to be concentrated in some bands, and are almost absent
from others. Hematite granules are present im fair amount.

The banding in the rock is due to variations in the
proportions of the minersls present rather than actual minera-
logical differences, in most cases. The individual bands are
of widely varying thieknesses and do not show any discernible
grading. The rock cannot therefore be described as varved.

The approximate mineralogical constitution of this

rock is:

Vol %
Quartz 60
Peldspar 2
Calcite and dolomite 3
Muscovite and chlorite 5
?Clay minerals 25
Opaques 5

The sediment is therefore classified as a banded
calcareous shale.

12+ (TS.18235, P711/66) Tindelpina Shale Member
(Description by A.B. Simpson)

Macroscopically, this specimen is a dense, almost
black rock with a very fine bedding or lamination, It
contains scattered rusty specks, presumably of an iron mineral.

Under the microscope, the rock is seen to be
exceptionally fine-~grained. All the constituents are less
than 0.01 mm in their maXimum dimensions. The main mineral
is again quartz, sub-angular grains of which are surrounded
by orientated flakes of sericite and chlorite. Feldspar was
searched for, but was not definitely observed. A greenish
?biotite occurs in association with the other platy minerals,
but in lesser amount. Hematite is relatively abundant in the
rock, It is present as small irregular grains and stringers
which follow the direction of parallelism of the phyllo~
silicates in the sediment. A few larger individuals occur,
and in places accompany, or possibly have been partially
replaced by, reerystallizmed seoondary quartz mosaic. The
hematite itself appears to have been produced by alteration
of a pre-existing iron mineral. A few grains of tourmaline
were noted in the rock. :

The mineralogical composition of the sample was
estimated to be:

KOI 20
Quartz 75
Sericite 8
Chlorite 7
?Biotite 3
Hematite T

The rock is classed as a ferruginous shale. Some
recrystallization has taken place, but is proba ly
ascribable to diagenesis, there being nothing to suggest
metamorphic action,

13. (TS.184180, P686/66) Brighton Limestone Equivalent
Description by A.B. Simpson

In hand specimen, this is a pale blue-grey rock of
calcargous appearance., It is extremely fine-grained. Streaks
of a pale brown material delineate what appears to be a type
of contorted bedding in the rock,

Microscopic examination reveals that this rock is
composed mainly of interlocking grains of caleite which are
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almost all only about 0,01 mm across, Scattered larger

plates of this mineral attaining sizes up to 0.07 mm appear

to have resulted from recrystallization, and coarser-grained
veins of the same carbonate traverse the rock, A minor amount
of another carbonate mineral, identified by X-ray methods as
dolomite, occurs as scattered grains throughout the rock.
Traces of rhodochrosite and ?strontianite were detected also,.
Sub-angular grains of guartz and twinned plagioclase feldspar
have a patchy distribution in the sediment, These range in
gize from 0,02 mm to 0,797 mm, A few shreds of a colourless:
micaceous mineral which may be muscovite or tale were also
noted. Some fhematite occurs in small irregularly-shaped
grains, and the brownish material which was noted as following
the bedding in the hand specimen appears to be merely iron-
stained,

The mineralogical composition of the rock may be
estimated as:

Vol 20
Calcite 85
Dolomite 5
Quartz and feldspar 7
Other minerals 3

The rock appears to be a limestone of clastic
derivation, since fragmental remnants of pre-existing car-
bonate rock may be distinguished in places in the rock., A
certain amount of recrystallization of calcite may have taken
place 1in associstion with the crumpling of the bedding planes,
for some of the coarser patches of that mineral follow the
bedding closely in places,

14, (TS.,18246, P722/66) Brighton Limestone Equivalent
Description by A.B. Simpson

This specimen is a fairly fine-grained dark grey
- rock of calcareous appearance. It effervesces vigoursly

on application of dilute acid, No fabric is discernible in
hand specimen. .

Under the microscope, calcite is seen to be vir-
tually the only constituent of the rock, Its grains have
been recrystallized under pressure, and now lie with their
greatest dimension in a common direction. They average
about 0,03 to 0.05 mm in size. Coarser plates occur in
bands. These, and narrow zones of minutely crystalline
calcite possibly representing crush zones, follow the common
orientation of carbonate crystals in the rock. A minor
amount of guartz and a very few grains of plagioclase
feldspar. both cf dinunsions siullne to the - -cornge in the
rock, are to be seen., They are also elongate in shape and are
parallel to the other constituent grains. Some plates of
?dolomite occur in the coarsely crystalline bands in the rock.
Tﬁése, together with ill-defined irregular areas of similar
carbonate, may represent incipient dolomitization of the
rock. A few grains of an opaque mineral are present.

The composition of the rock is approximately as

follows:
Yol %
Calcite 97
Quartz and feldspar 2
?Dolomite 1

The rock is a limestone which appears to have
suffered some recyrystallization under stress, with conse-~
quent development of a strong fabric on a microscopic seale.
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15, (T8.18182, P688/66) Willochra Formation, dower Unmamed
gember (Description by A.B. Simpson)

This rock is a pale grey-brown colour, It is very
fine~grained and exhibits no fabric of any sort. The
weathered surfaces of the specimen give no indication of the
nature of the rock.

Under the microscope, the rock proves to be made
up mainly of guartz and a carbonate mineral. The quartz
occurs as sub-angular grains with an average size of 0,03 mm
approximately, which appears to be the average for all the
rock's constituents, as it is texturally uniform throughout.
Since virtually none of the carbonate in the rock responded
to staining tests, X-ray analysis had to be resorted to for
identification. This showed it to be almost entirely
dolomite. A few calcite grains were detected by staining
Minor amounts of detrital muscovite and chlorite were observed
randomly scattered throughout the rock, and very fine-grained
sericitic material occurs along grain boundaries. A small
amount of twinned albite-oligoclase is associated with the
quartz in the rock. Irregular to subhedral grains of an
opagne mineral, possibly iron-bearing, are fairly abundant,

and tiny gzircon and tourmaline crystal

graing occur as accesgsories.

The mineralogical composition of the rock is
estimated as follows:
Vol 20

Quartz ' 50
Dolomite and calcite Lo
Feldspar 2
Muscovite/sericite and

chlorite 2
Opagues 5
Accessories 4

This rock may therefore be classified as a
dolomitic siltstone.

46, (T5.18181, P687/66) Willochra Formation, lower Gnmnmed’
member (Description by A.B. Simpson)

In colour and grain size, this rock resembles the
previous specimen, but differs marksdly from it in having a
well developed fine bedding which is almost a lamination.
Red streaking follows the main bedding planes in places, and
fine cross-~bedding is clearly observable.

Examination of the thin section reveals that the
rock is less rich in carbonate than P688/66. The main mineral
is guartz, with a faedr degree of uniformity of grain size, the
average again falling in the region of 0.03 mm. The grains
are angular to sub-angular., They show a tendency to lie with
thelr greatest dimension parallel to the fine bedding in the
sediment. A very minor amount of feldspar also occurs in
subhedral grains of a size similar to that of the quartz.
Twinned plagioclase is the dominant variety present, but some
microcline was also observed. Somewhat larger platas of a
carbonate mineral occur in moderate amount throughout the
rock, X=-ray analysis was required to confirm that this is
dolomite, but minor galcite was also detected. In the inter~-
stices between the clastic components of this sediment is to
be found chlorite in very tiny flakes. Some of the larger
flakes show anomalous blue birefringence. Sericite is
asseciated with the chlorite. Larger plates of clear musco-~
vite are common and lie in a parallel arrangement, apparently
resting on bedding planes. Irregular grains of an opague
mineral, possibly an iron oxide, are distributed throughout
the rock but also show a tendency towards concentration on
bedding plancs, Present in accessory amounts are grains of
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green pleochroic tourmaline, and rounded grains of zircon
and possibly gphene.

The proportions of the wvarious minerals present
were estimated as follows:

Quartz

Dolomite and calcite
Chlorite and sericite
Muscovite

Opagque mineral
Feldspar

Accessories

(o]
N+ p-
= 2= nNNnowum

No metamorphic effects were observed in the rock,
the alignment of some constituents beilng attributed to
sedimentary processes only. The rock may be termed a finely
cross~bedded dolomitic siltstone.

17. (TS.18185, P691/66) Willochra Formation, upper u (2}
mamber Description by A.B. Simpson

This specimen is a massive, fine-grained sediment
which is of a brownish-purple colour. It is very uniform
throughout, and possesses no special characteristics
observable by the naked eye. :

Under the microscope, the rock is seen to be
dominantly arenaceous in character. Quartz predominates in
the form of angular and sub=-angular grains. The sorting of
these clastic grains is not perfect. They range in size
from 0,01 mm to 0,5 mm., with an average in the region of
0.07 mm, Sub-angular grains of feldspar also occur. These
are mainly of twinned plagioclase whose composition was
determined as lying on the albite-oligoclase boundary, but
a few grains of microcline were observed, and some highly
sericitized particles may also belong to the potash feldspar
group, Other clastic constituents occurring in minor
amounts are muscovite, in colourless detrital flakes, and
angular detrital carbonate grains. ague ’

]
possibly iron-rich, were noted, and a few grains of colour-

less zlrcon and greenish pleochroic tourmalipe occur in
accessory amounts.

The cementing medium in this sediment appears to
be composed partly of 2iron oxide or %xdroxide minerals, but
it may contain also 2clay minerais. his cement is present

in fair quantity in the rock.

The mineralogical constitution of this sediment
was estimated as follows:

Yol %
Quarteg 70
Feldspar 5
Carbonate )
Cementing material 20
Muscovite 1
Opaques and accessories 2

The reck may therefore be termed a feldspathice
sandstone with a ferruginous cement.
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18. (TS.181 P690/66) Willochra Formation, wupper unsmmed
Zepber (Description by A.B. Simpson

This specimen is a finely bedded arenacous sediment
of coarser grain than P694/66., The bedding planes are
defined by faint dark lines which may be concentrations of
heavy minerals, In colour, the rock is a pale buff with a
slight tint of pink.

Microscopic examination confirms its highly
arenaceous character. In this case, the abundant rather
angular guartz grains form a well compacted and well sorted
mosaic with an average grain sige of about 0.1 mm. Within
this quartz mosalc occur various types of feldspars. Some are
turbid and sericitized, and are presumed to Zpotash feldspars.
- Microcline 1s plentiful, and twinned plagioclase was also

observed in fair quantity. Some of the feldspars contain
numerous tiny granular inclusions of hematite, but apart from
this occurrence, the mineral is not common in this sample, in
contrast to P6941/66. Some shreds of muscovite ocecur inter-
stitlally in the mosaic of quartz and feldspar grains, and
a very few clastic flakes of brown biotite were noted in a
similar mode of occurrence. ¢%Clay minerals provide the scarce
cement for the rock.

Opague mineral(s) showing subhedral outlines delineatg
the bedding planes in the sediment. They are present in
greater quantity than in the previous specimen. Bluish~green
pleochroic tourmaline and partially rounded zircon grains are
the only accessories in the rock.

The approximate mineralogical composition of this
sediment 1is estimated to be:
Vol 20

Quartz 60
Feldspars 25
Micas 2
Opaques and hematite 7
Accessories 1
?Clay minerals 5

This rock is markedly different from P691/66, Its
texture indicates a moderate degree of recrystallization
(most probably only diagenetic), and its content of feldspar
minerals is much higher than in the previous samples. This
sediment contains sufficient feldspar to be termed an arkose
(Pettijohn, 1957, Ds 291).

19. (TS.18205, P741/65) Tarcowie Siltstone
Description by A.B. Simpson

This grey rock is fairly fine-grained and exhibits
a finely banded structure due to variastions in grain size between
successive bedding layers. The sediment appears to be rich in
quartz,. ‘

In thin section guartz is the main mineral, as
Suspected from hand specimen., It occurs as angular and sub-
angular grains with an average size of about 0,06 mm. A very
minor amount of plagioclase feldspar accompanies the quartz.
These clastic grains are set in a fairly abundant matrix
composed of a fine-grained aggregate of chlorite and sericite
flakes., Both minerals occur also as larger plates, possibly
of authigenic origin, particularly in the coarser bands in
the rock. A very few grains of calcite, distinguished by
staining, are present. QOpogue mineral grains of small
dimensions and sub-rounded outline are scattered throughout
the sediment. The usual accessories - tourmaline and zircon -
were noted,
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The fine banding in the rock is due to a slight
variation in grain size, together with an increase in the
proportion of phyllosilicate minerals in the fine~-grained bands.
No grading was seen.,

The mineralogical composition of the sediment was
estimated as:

Yol %

Quartz
Feldspar
Chlorite
Sericite
Opaques
Others

=N Oh
N O+ 0O

The rock is classed as a giltstone. The presence of
authigenic chlorite flakes is not interpre?ed as evidence of
me tamorphism,

20. (T8.18230, P736/66) Tarcowie Siltstone
' (Description by A.B. Simpson)

In hand specimen, this is medium grey in colour and
is banded in darker shades of grey. It is fine-grained in
both types of bands., Weathered surfaces show that the darker
bands are the more resistant, Neither type effervesces with
dilute acid.

The thin section reveals that the basis of this rock
is a recrystallized guartz mosalc. This mosalc is equigranular
within the two different types of rock represented within this
specimen, but the average grain sizes are different. In the
dark grey bands quartz predominates, and has an average sige
of approximgtely O.41 mm. The other bands are very rich in
tiny rhombs of iron-stained dolomite, and in these the quartzes
of the mosaic are of similar size to these rhombs viz. about
0.03 mm. The guartzose dark bands contain a minor amount of
dolomite in the form of larger rhombs. A few crystals of
twinned plagioclase feldspar occur in assoclation with the
quartz of the mosaic. Small flakes of muscovite are distri-
buted throughout the rock., They show no preferred orientation
and are present in only minor amount. Falirly large euhedral
cubic crystals of an gpaque mineral were cbserved., It is pre-
sumably an iron mineral, as it appears to be altering to
hematite. Rounded prismatic grains of blue~green tourmaline
and rounded yellow-brown zircon grains are present in accessory
amounts. Thin veinlets of calcite traverse the sediment.

These minersls are estimated to occur in the rock in
the following proportions:

Quartz 55

Dolomite 38
Plagioclase 1
Muscovite 3
Opagues and hematite 2
Accessories 4

This specimen may be classified as a banded guart-
zose dd&lomite. The rock has been recrystallized, as may be
seen from the guartz mosaic and the euhedral form of the
dolomite crystals, dolomite standing higher in the erysta-
lloblastic series than does quartz (Turner and Verhoogen,

19609 Do 59”-).




21. (TS,18208, P706/66) Uroonda Siltstone Member
Description by 4.B. Simpson)

This specimen is a very fine-grained grey rock
without any obvious fabric. A very faint undulating banding
of a darker colour 1is discernible. Fairly brisk efferve-
scence was produced by application of dilute HC4.

The thin section shows & very fine-grained texture
in this dominantly arenaceous rock. The sorting is good,
the average size of the guartz grains being appreximately
0.08 mm, Their shape is mainly sub-angular, as is the case
also with the accompanying minor plagloclase feldspar. A4
carbonate mineral is promInent in the rock., X-ray analysis
indicated that the mineral is calcite, and that other
carbonates are absent. Very fine~grained chlorite and
gsericite occupy the interstices between the clastic grains
In the rock, but show no parallelism of orientation, Larger
plates of chlorite and muscovite, also in 2 random arrangement,
have crystallized in situ throughout the sediment. Small
irregular grains of an gpague mineral are sparsely scattered
among the other constituents, but the amount is small. The
only accessory heavy mineral noted is zircon, in the form of
tiny rounded grains. .

No fabric is discernible in the section. The faint
banding observed in hand specimen is presumably due to slight
mineralogical variations, such as changes in the amount of
calcite present.

The estimated composition of the rock 1is:

Vol ‘20

Quartz 60
Feldspar 1
Calcite 20
Chlorite 9
Muscovite/sericite 9
Opagque mineral 1

It may be termed a calcareous siltstone.

22. (78.18237, P743/66) Wankaringa Siltstone Member
Description by 4.B. Simpson)

This dark grey, fine-grained -sediment is very finely
bedded. Weathering shows that some of the very fine bands are
more resistant than others. Vigorous effervescence was produced
by the application of dilute acid, showing the r&ck is calcareaqus-

Under the microscope, the rock may be seen to consist
essential ly of a very fine-grained calcite mosaic in which the:
average grain size is in the region of 0,02 mm, Throughout '
this mosaic are distributed angular and sub-angular detrital
%uartz grains averaging about 0.05 mm in their maximum

imension. These show a distinct tendency towards aggregation.
into bands which presumably define the bedding and form the
resistant bands noted in hand specimen, A few clastic
fragments of plagioclase feldspar occur in association with
these quartzes, Phyllosilicate minerals are represented in the
rock. Of these, muscovite and chlorite are the most common,
and appear to have, in part at least, & detrital origin, as
they lie parallel to the bedding planes. A greenish-brown
biotite also occurs, however, and is apparently authigenic, as
it is in mapy cases euhedral., Irregularly shaped grains of an
opague mineral showing alteration to hematite are distributed
throughout the rock, but appear to be associated with the quartz
stringers in particular. Zircon, occurring as small rounded
brownish grains, was the only accessory mineral observed., Later
velning of the rock by calcite is also present,
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23. (TS.18199, P705/66) Etina Formation
Description by 4A.B. Simpson)

In hand specimen, this is a massive crystalline
carbonate rock of medium grain, It is greyish-buff in colour.
Its reaction with dilute acid is vigorous.

Thin section examination shows calcite to bhe the
ma jor, and virtually the only, mineral in the rock. It forms
an interlocking equigranular mosaic of grains with an average
size of approximstely 0,08 mm. In this as matrix occur
elongated fragments composed of extremely fine-grained calcite,
These have a very well defined parallel orientation which is
followed also by some of the larger matrix mosaic crystals.
These fragments are generally about 0.8 mm in length. Quartz
grains occurring in the rock attsin a maximum size of
approximately 0.6 mm. They are sub-angular to sub-rounded in
shape and 1n places show "pressure shadows" of elongated
calcite crystals between adjacent grains. Feldspar fragments
occur also. They appear to be mainly plagloclase, and have in
some cases been extensively replaced by calcite. A few grains
of opmgue mineral were seen in the section.

The proportions of the minerals present were estimated

as follows:
Yol %

Calcite 93
Quartz 5
FPeldspar 2

The mineralogical constitution of the rock points to
1ts classification as a detrital limestone. It has, however,
suffered deformation and recrystallization, as indicated by the
elongated fragments, the preferred orientation of the matrix,
and the development of "pressure shadows" between quartz grains.

24. (75.18219, P725/66) Etina Formation

(Description by A.B. Simpson)

This rock appears to be medium-grained and is
obviously crystalline. In colour. it is variegated pale blue
and pale pinkish-brown. Both the rock itself and its weathered
surfaces suggest that it is composed mainly of carbonate, and °
application of dilute acid produces some effervescence. No
fabric is discernible in the rock. )

Micr8scopic examination reveals that the rock is
almost monomineralic, being composed mainly of a carbonate
mosaic which is of finer grain than the hand specimen would
suggesty the average lies in the region of 0.02 mm, Distri-
buted through this fine-grained mosaic are larger plates of
carbonate, including some euhedral rhomb~like erystals. X-ray
analysis showed the dominant carbonate mineral present to be
dolomite, with calcite playing a very minor role. Some grains
of quartz occur in places in the mosaic. In some instances
this mineral appears as patches of recyrstallized mosaic.
Twinned plagioclase feldspar occurs in the same manner, but in
smaller amount, 4 few irregular grains of an opague mineral
were noted in the section. The pock is traversed by thin
quartz veinlets.,

Texturally this sample is interesting. The bulk of
the rock consists of the fine-grained material just described
and this forms a2 matrix in which are set rounded carbonate
fragments, generally consisting of only one erystal, or at
most a few erystals. In places these fragments, which average
about 0.5 mm, are rimmed by an exceptionally fine carbonate
mosaig¢. They are regarded as clastic fragments derived from a
Pre-existing coarse-grained carbonate roek. :
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The mineralogy of this rock is estimated as follows:

Yol %

Dolomite 90
Calcite ?5
Quartz . i
Feldspar 1

The rock is a dolomite which is partly of detrital
origin.

25. (T5.18206, P712/66) Enorama Shale
(Description by A.B. Simpson)

This specimen is an extremely fine-grained and
uniform grey rock with a poorly developed bedding. This fabric
is revealed by the presence of faint, approximately parallel
dark lines om the rock's sawn surface. -

In thin section the rock proves to be composed of a
variety of clastic fragments, none of which exceeds 0.01 mm in
size. The main minerals present are guartz, in tiny angular
fragnents, chlorite and sericite. These platy minerals are
present in considerable amount, and occur interstitially to
the quartz grains. The sericite flakes in particular show a
parallel orientation which contributes to the rock's poorly
developed fabric. Larger plates of sericite and chlorite are
present in the sediment. These appear to be authigenic, as
they bave developed with their greatest dimension (in section)
lying across the fabric. In some of the larger chlorite
plates, the white mica occurs in parallel intergrowth, while
in others, there is incipient development of biotite, recogni-
sable by reason of its higher birefringence. A few grains of
plagioclase feldspar showing characteristic twinning were
observed. Scattered irregular grains of an gpague mineral
occur in the rock in small quantities. Some of them follow the
fabric, which is presumably the original bedding. ‘

The mineral proportions in this rock were estimated

to be:
, vyl %
Quartz 55
Chlorite 20
Sericite 20 -
Feldspar 1
Opaque nineral L

The rock may be classified as a siltstons. The
development of authigenic phyllosilicate minerais, ineluding
biotite, may be attributadble to processes of diagenesis rather
than metamorphism, as there is no other evidence of recrys—
tallization of the rock's components.

26. (T5.18208, P74L4/66) Elatina Formation
(Description by A.B. Simpson)

In hand specimen, this rock is fairly fine-grained
and slightly gritty to the touch. It is strongly cross-
bedded. The colour of the rock is light brownish-red.

The microscope reveals that guartz is by far the
most abundant mineral in this sediment. It oacurs singly and
also in scarce chert fragments. The grains are sub-angular and
are well sorted., They have an average 8ize in the region of
0.07 mm, and appear to have a coating of ?clay minerals and
sericite, minerals which form the scarce oement in this sediment
and which are in many places discoloured by iron staining.
Some larger flakes of sericite are present throughout the rock,
but the total amount is not great. Feldspar is fairly abundant




in grains of comparable size to that of the quartz. Micro-
cline and a plagioclase feldspar were observed, the latter
showing quite extensive alteration to sericite in many cases,
Opague minerals occur mainly as small rounded grains lying on
bedding and cross~bedding planes, where they are accompanied
by a few rounded prismatic tourmoline grains and a smaller
number of colourless zircons. The only other constituent
observed takes the form of small ferruginous shells of rhombic
outline the cores of which are occupied by a yellow-brown
aggregate of ?chloritic or other layered structure minerals.
Their original composition is unknown, but they may have been
iron carbonate rhombs.

The approximate percentages of the various minerals
in the sediment are as fallows:

ol %
Quartz 80
Feldspar 10
Sericite and ?clay minerals 6
Opagques 3
Others 1

The rock may be termed an arkosic sandstone.

27. (TS.18244, P7L7/66) Pepuarta Tillite |
(Description by 4.B. Simpson)

& fine-grained grey rock, this specimen has a
poorly developed fabric. Weathered surfaces are rust~
coloured. Effervescence with dilute acid is vigorous,

Under microscopic examination, the rock may be seen
to consist of a fine-grained matrix which contains Sub-angular
fragments of guartz, guartzite, calcite, dolomite and
DPlagioclase feldspar. These fragments attain a maximum size
of approximately O.3 mm, and show a tendency towards alignment
along bedding planes. There is a contimuous gradation in grain
size down to the average of the matrix, in the region of 0,02
mm. Quartz is prominent also in the matrix, but feldspar was
not observed there. Small grains of calcite and unstained
dolomite are present in the matrix. The identification of the
latter was confirmed by X-ray analysis. Phyllosilicate
minerals are abundant. Chlorite and sericite are present in
approximately equal amounts. They show a fairly well developed
parallelism of orientation in the bedding planes, but this
orientation may be due at least in part to metamorphic action
producing recrystallization. A greenish biotite also is to
be seen in significant amounts in the rock. 1t is associated
with and appears to be developing from the chlorite. Irregular
grains of opague mineral are distributed haphazardly through
the matrix, but are not of major importance. The accessory
minerals are tourmaline and small rounded grains of zircon,
mainly colourlesse. "

The relative proportions of minerals present are
estimated as follows:
Vol ‘Zo

(o)

oy
NN AoHF oo

Quartz
Feldspar
Calcite
Dolomite
Chlorite
Sericite
Biotite
Opaques
Accessories

From its heterogeneous composition and grain size
Pange, this sediment is considered to be a 2metamorphosed
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tillite. The degree of metamorphism has not been extreme,
but has been sufficient to cause recrystallization of the
original clay components of the matrix.

28. (T8.18240, F7u6/66) Gumbowie Arkose
(Description by A.B. Simpson)

This sample is a pale yellow arenaceous sediment
showing a few very faint traces of bedding. The rock is
extremely porous. Reddish~brown flecks are probably iron
oxlde, ,

The thin section shows that the rock is composed
mainly of guartz grains forming a sutured mosaic., These
grains range in size from 0,06 mm up to about 0.35 mm.
fissociated with them are a few similarly sigzed grains of
twinned plagioalase feldspar. A minor amount of sericite, in
the form of tiny flakes, occmrs in places interstitially
to the grains in the mosaic. Some rhombs now consisting of
iron oxides indicate the previous presence of dolomite, and
a few grains of opague mineral were also noted. Voids are
abundant in the section, but there is no indication of the
identity of any mineral previously occupying them,

The composition of this rock is edtimated to be:

Vol %

Quartz 65
Feldspar 2
Sericite 5
Opagques, hematite, etc. 3
Voids 25

The sediment is a feldspathic quartzite. Metamor-
phism appears to have been responsible for the recrystallization
of the rock to its present mosaic form, The porous nature of °
the specimen is unusual for a metamorphic, and it is suggested
that a soluble carbonate may have originally been a component
of the recrystallized mosaic.

29. (TS.18242, P7L8/66) Grampus Range Quartzite
(Description of 4.B. Simpson)

A fairly fine-grained grey rock, this sp~cimen shows
no bedding or other fabric. It is traversed by a network of
white quartz veinlets, the thickest of which measures about
5 mm across.

In thin section, guartz can be seen to be the dominant
mineral present. It forms a recrystallized mosaic in which )
the size of the grains ranges from about 0.03 mm up to 0.44 mm,
with a modal value in the region of Q.05 mm, There is a
perceptible preferred orientation in some of the larger quartz
grains in this mosaic, but this is regarded as an original
sedimentary feature which has survived the recrystallization.
The grains making up the mosaic have sutured boundaries, and
in places along the boundaries there are ratchss of very fine-
grained mosaic such as may be formed by the recrystallization
of the very fine material produced by later crushing. Peldspar
is prominent in the mosaic. Plagioclase occurs in fair amount
but the majority of the feldspar grains are composed of
perthite which is easily distinguishable on account of its
turboid appearance. A minor quantity of muscovite is present
as small erystals distributed without orientation throughout
the rock. Sub-rounded and irregular greains of an opague
mineral are moderately plentiful. In places, rhombic outlines
now occupied by iron-stained ?clay minerals surgest the former
presence of authigenic dolomite crystals which have been
replaced after the complction of the rock's recrystallization.
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Accessory minerals noted are apatite and zircon, some of which
is of a distinetly yellow coloration., :

The mineralogical composition of the rock is

estimated as:
Vol z

Quartz 75
Feldspar 19
Muscovite 1
Opagues 3
?Clay mineral pseudomorphs 1
Accessories 1

This specimen may be described as an arkosic quart-
zite. It has been produced by metamorphism, but no index
mineral is present to show the degree of metamorphism which
has operated.

30. (T75.18209, P715/66) Nuccaleena Formation
(Description by A.B. Simpson)

This is an extremely fine-grained pink rock whose
weathered surfaces suggest the main constituent to be a
carbonate. Cavities within the rock contain small white
crystals which appear to be calcite, as they effervesce with
dilute HC4, which the remainder of the rock fails to do.
Bedding in the rock is shown by a faint colour banding.

In thin section, the rock is seen to consist almost
entirely of an exceptionally finely ecrystalline equigranular ,
mosaic of a carbonate idcntified by X-ray analysis as dolomite.
A very minor amount of calcite (shown by staining) is present.
in this mosaic. The average size of the grains in the mosaic
is less than 0.01 mm, Patches of recrystallized guartz mosaicg
occur in places throughout the section. This mineral was :
observed as isolated grains as well, and in both cases the
grains are only 2 slightly larger than those of the carbonate,
Twinned plagioclase feldspar is present in small amounts; its
crystals are in the region of 0,05 mm. The only other :
constituents of the rock are a few shreds of ?talc and some
irregular grains of an gpague mineral.

The proportions of thess minerals in the rock are

as follows: .
Yol %

Dolomite °
Quartz

Plagioeclase

Others

The rock is a dolomite, and appears to have
suffered some recrystallization.

31, (TS.4182 P 66) Nuccaleena Formation
Description by A.B. Simpson)

In hand specimen, this sample is an ochrous yellow.
Its appearance suggests a dolomite, an impression strengthened
by the type of weathering it exhibits and by its lack of
reaction with dilute acid. No bedding is apparent to
macroscopic examination.

Under the microscope, the rock may be seen to
consist basically of & very fine-grained equigranular mosaic
of dolomite. The average grain sige in this mosaic is
approximately 0.01 mm. Sub-angular detrital grains of guartz

occur, and by their alignment define a very poorly develope
bedding. Tho > oigo de in gon~x2l doxmeem k- Llnd ~0 4hn
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carbonate mineral, the average arrived at in this case being
in the region of 0,02 mm. Feldspar was searched for but was
not detected. Flakes of colourless 2muscovite and  talc

are fairly plentiful, and are aligned in a sub-parallel .
arrangement in a direction approximately at right angles to
the bedding traces. This points to a later origin for this
mineral, an idea which gains some support from the way in
which the mica has formed in close proximity to quartz grains,
and in some cases appears to have formed at the expense of the
marginal material of these grains. 4 very small amount of
cpaque mineral occurs in the rock also. .

. The rock is estimated to contain these mineralsin
the following proportions:
Vol ‘Zo

Dolomite 95
Quartg 2
?Muscovite or ?talc 3

The sample may be termed a dolomite., It is
apparently of detrital origin, and appears also to have
suffered some degree of metamorphism leading to the devel-
opment of authigeni .rystals of phyllosilicate mineral
aligned perpendicula to the maximum stress operating at
that time,

32. (T5.18188, P69L/66) Brachina Formation
(Description by L.B. Simpson)

This specimen is identical to °~ 33 in colour,
but differs from it is being finer-grained, banded, and very
distinctly bedded. The bedding is very fine, almost
approaching a lamination in its nature.

Examination of the thin section shows the rock to
be exceptionally fine-grained., There are variations in
grain size from one band to another, but the great majority
of the rock s constituents appear to have dimensions of the
order of 0,04 mm. The main mineral is again guartz, occurring
as sub-angular grains which in a few cases reach a size of
about 0.06 mm. As in P693/66, twinned plagloclase feldspar
grains are present, through possibly in smaller amount than
in that sample., The banding in the rock is produced very
largely by variations in the concentration of fine, dust-like
particles of hematite which are scattered throughout the entire
rock, but are very abundant in the darker bands., Laths of
clear muscovite are fairly plentiful in all parts of the
specimen, and show a rough parallelism to the bedding as
revealed by the banding. Some chlorite also occurs, in places
intergrown with the muscovite. Opaques are present as sub-
hedral graims in moderate guantities, and appear to be
preferentially located in the lighter, hematite-poor area-~.
4 few grains of zircon and tourmaline are present also.

The approximate composition of this sediment is as

follows:
Vol %
Quartz 75
Plagioclase 2
Hematitce 8
Muscovite and chlorite 10
Opaques 5
Accessories -

) this rock may be
classified as a feldspothig siltstone.
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33, (TS.,18187, P693/66) Brochia Formation
(Description by A.B. Simpson)

This rock is fine-grained and purplish-brown in
hand specimen. A faint suggestion of bedding is discernible,
and on one of the poorly-developed planes a sedimentary struc-
ture occurs which consists of parallel narrow ridges separ-—
ated from one another by distances varying from about 2 to 5
mm. This bedding plane irregularity may have formed part of
the structure described as "rib-and.furrow" in Pettijohn,
1957. Small flakes of a white micaceous mineral are clearly
visible on the plane on which this sedimentary structure
QCccurs.

In thin section there is no indication of bedding
other than a certain degree of parallelism of the platy miner-
als present. The main constituent of the sediment is guartz,
occurring as sub-angular grains with an average size of approx-
imately 0.03 mm. Interspersed among these quartz grains are
similarly sized grains of polysynthetically twinned plagioclase
feldspar whose exact composition could not be determined.

These two constituent minerals are closely packed together in
what 1s almost a mosaic arrangement. Cementing material is
scarce, and appears to consist of tiny 2c¢clay mineral flakes and
minmutely granular hematite. Larger grains and films of hema-
tite occur throughout the sediment in fair abundance. Colour-
less mmgcovite 1s common, and the plates of this mineral show
the imperfect orientation referred to above. A lesser amount
Of a yellowish biotite is present, but the form of this mica

is less regular than that of the muscovite.

Zlrcon occurs in minor amount in the form of subhedral
grains which are brownish and turbid in their appearance. '
Subhedral to euhedral crystals of opacue mineral are moderately
plentiful, A few grains of tourmaline, pleochroic in shades
of blue and green, were also noted,

The mineralogical composition of the rock was est-
imated to be:

Vol 20
Quartsz 75
Plagioclase 5
Hematite 5
Muscovite 3
Biotite 2
?Clay mineral 2
Opaques 5
Accessories 3

The sediment may be termed a feldspathic siltstone.
It shows no sign of metamorphic action.

3. (TS.18202, P708/66) Ulupa Siltstone
(Deseription by A.B. Simpson)

This is a light yellow-brown rock of fairly fine
grailn size, It posses a very poorly developed lamination, and
is traversed by a number of narrow leached veinlets and lenses
containing a pale whitish mineral.

Microscopic examination shows that the main mineral
in the rock is guartz, occurring as sub-angular grains with a
size range of 0.02 to 0.05 mm, the great majority falling in
the lower part of this rapgs. Twinned plagioclase fledspar
was observed in association with the quartz, but the total
amount of feldspar was difficult to gauge on account of the
smallness of the grains. Phyllosilicate minerals are fairly
abundant in the rock. The most noteworthy is a greenish



- 106 -

biotite which appears to be developing from chlorite, and is
in many places in parallel intergrowth with it. The biotite
occurs mainly as book-~like aggregates with their prominent
basal cleavages lying at approximately right angles to the
weak fabric developed in the rock. The pale green chlorite,
in addition to its association with biotite, occurs throughout
the rock as very tiny flakes in a roughly parallel arrange-
ment. Sericite is fairly abundant in the same mode of occur-
rence as chlorite. Muscovite was noted intergrown with bio-
tite, and also as large plates lying in the plane of the
fabric in the rock.

Opague minerals are moderately abundant in this
sediment. They occur malnly as small irregular grains, but
some are subhedral. These in particular are associated with
hematite, which may be an alteration product, as well as
occurring independently throughout the rock. A few tiny
grains of gircon were also observed.

The mineralogical composition of the specimen was
estimated as follows:

v Olozo

Quartz 7
Felspar ?

Biotite 1
Chlorite

Muscovite/sericite

Hematite

Opaques

N2> O

The most suitable name for this sediment 1s siltstone;
but it appears to have suffered some slight metamorphism, pos~
sibly of a local nature. The development of biotite is a
pointer towards this, That some slight shearing may have taken
place is indicated by dark lines running through the rock.

These possible planes of weakness, and the slight degree of
orlentation of the sericite and chlorite flakes, give the rock
its poorly developed fabric.

35, (TS.18229, P735/66) Ulupa Siltstone
(Described by A.B. Simpson)

This very fine-grained pale grey-green rock has a
very flaggy appearance due to its marked fabric. Parallel to
this schistosity run narrow bands of a brownish colour Which
appear td» be iron-stained. The schistosity plames are slightly
lustrous, ‘ :

The microscope reveals that this rock is somewhat
similar to P729/66. The major constituent is quartz which
forms an equigranular mosaic. The average grain size in thisg
mesaic varies from band to band in the rock, the observed
limits being from 0,02 mm to O0.04 mm. A llttle plagioclase
feldspar is agaln associated with the quartz. A green pleo-
chroic chlorite is the next most important mineral. It occurs
as isolated flakes which have crystallized parallel to one
another distributed throughout the rock. A minor gquantity of
colourless sericite is associated with this mineral. Of more
importance is the occurrence of the yellowish mica identified
as 2hydrobiotite. It occurs in close assoclation with the
chlorite, and appears to be developing from it. It is present
in moderate amount. Irregular grains of an gpague mineral are
scattered throughout the rock, but are less plentiful than in
the previous specimen. Zircon and tourmaline occur in acces-
sory amounts.
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The mineralogical composition of this sample is
estimated to be:

) Olzo

Quartz 6
Plagioclase

Chlorite 2
Serieite

?Hydrobiotite

Opagues

Accessories

M O—+WU

This rock is termed a quartz~chlorite schist.

3 . (TS18189, P695/66) ABC Range Quartzite
Description by A.B. Simpson)

The hand specimen of this rock-unit in a whitish
arenaceous sediment of medium to coarse grain, It is completely
lacking in fabric, and has a saccharoidal texture.

Under the microscope, this rock is seen to consist
almost entirely of guartz in the form of a well sorted and
tightly compacted mosaic in which the grains are sub-polygonal
in outline. The average grain size is approximately 0.35 mm,
Feld=prr was not detected in the sediment. Cementing material
is almost entirely absent. Interstices are sparse, but appear
to be filled with an aggregate of minutely crystalline 2clay -
minerals, A very few grains of zircon and tourmaline are to be
found along inter-grain boundaries.

The mineralogical composition of this rock is esti-~
mated as being:

VOl'Za

Quartz 97
?Clay minerals 3

The sediment is classified as an arthoquartsite.
There is no indication of metamorphism having played a part in
its formation.

3% (TS 18222, P728/66) ABC Range Quartzite
(description by A.B. Simpson)

In hand specimen, this rock is moderately coarse-
grained and gritty- It possesses no noticeable fabric, and
contains numerous small rusty specks. ©8Small leach eavities
are abundant.

Under the microscope, the rock is seen to consist
almost entirely of quartz. The main constituents are rounded
grits composed of single crystals of this mineral, or of :
mosaics of several crystals. These grits are fairly well
sorted, and average approximately 41.15 mm. That recrystall-
ization has taken place is shown by the presence of quartz
overgrowths on these grits, and by the fine-grained quartz
mosaic occurring in the interstices between the grits. The
polygonal quartz crystals in these mosaic patches average
about 0.03 mm in size. Musco®lte laths are of common occur-
rence in the recrystallized patches. Iron-staining and small
irregular masses of hematite occur in the mosaic also. Large
concentrations of hematite form the rusty specks sporadically
distributed throughout the rock as noted in hand specimen.
Some feldspar was observed, and was determined as perthitic
orthoclase. Very minor plagioclase occurs also. No acces-
sory minerals were seen.
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The minerals in this rock are sstimated to occur in
the following proportions:

Vol %
Quartz 95
Muscovite 2
Feldspar 1
Hematite 2

The rock is termed an orthoguartzite. It has been
subjected to pecrystallization and silification, processes
which may have resulted from metamorphic action of low grade.

38, (Ts18204, P740/66) Bunyeroo Formation
(Description by A.B. Simpson)

This rock is exceptionally fine-grained and is a dark
reddish-brown colour, It is very well laminated, and may have
a trace of a cleavage running obliquely to the lamination '
planes.

Under the microscope, the great majority of the

clastic grains which make up this rock prove to be under 0,01
mm in size. Tiny angular grains of guartz form a major part
of the rock, and a few fragments of plagioedase showing its
characteristic twinning are also discernible, though with
difficulty. Very finely divided chlorite is abundant in the
interstices between these grains and those of the other abun-
dant constituent of the rock, viz. hematite. This mineral is
distributed throughout the sediment in the form of tiny irre-
guler granules and dust~like particles, and is in places sit-
uated along the planes of lamination. The fabric is otherwise
not clearly defined in thin section, and there is no trace of
any cleavage to be seen., Tiny flakes of gericite are present
in fair abundance in association with the chlorite, but neither
of these minerals show any high degree of orientation in all .
parts of the rock. Carbonate minerals were searched for but
were not detected.

The proportions of the various minerals present were
estimated as follows:

vol %
Quartz 65
Feldspar 2
Hematite 18
Chlorite 10
Sericite 5

The sediment may be classified as a ferruginous
shale.

39. 73418228, P 66) Bunyeroo Formation
Description by A.B. Simpson)

This is an exceptionally fine-grained rock which has
a marked lamination or schistosity. In hand specimen there
appears to bs a second fabric which crosses the more prominent
schistosity at a very low angle. The rock is grey, with a
very definite purplish tint.

Thin section examination shows all the components
of the rock to be less than 0.04 mm in size. The main con-
stituent is quartz, which forms a finely crystalline mosaic
in which the other major mineral, sericite, occurs as flakes
with a strictly parallel orientation. Some pale green chlorite
is associated with the sericite, and was observed in places
in parallel intergrowth witb it. A minor proportion of
twinned plagioclase feldspar is present in the quartz mosaie,
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and in lens-like areas where the grain is somewhat coarser
than normal, These lenses, and also some thin films of an
opague mineral, are aligned parallel to the main direction
of mineral orientation in the rock. Small granules of opague
minerals are distributed haphagardly throughout the section
studied, and some hematite was also observed. Tourmaline was
the only accessory noted, and is present as a few tiny grains
Only .

The mineralogical composition of this rock is esti-
mated to be;

Vol %

Quartz 65
Sericite 25
Chlorite ?5
Plagloclase 1
Opagues and hematite L

The rock appears to have been subjected to a very
low grade of regional metamorphism, and 1s classed as a
uartz-sericite schist. There are no signs in thin section
Oof the faint fabric traces lying obligque to the main schistos-
itye. _

40. (S 181N, P697/66) Wanoks Formation
(Description by A.B. Simpson)

Macroscopically, this specimen is a very fine-grained
grey rock with a very well developed fine lamination. The :
surfaces of the laminae are dull, with only a few specks of a
platy mineral to be seen. There is no obvious banding in the
rock; its composition appears to be uniform throughout.

In thin section, the rock is seen to be very fine-
grained, and with a very pronounced parallelism of oriemntation
of its constituents. Angular grains of quartz, with an '
average sige of about 0.01 mm, are set in an orientated matrix
of fine greenish chlorite and sericite. A few angular frag-
ments of twinned plagioclase feldspar also occur with the gquartz
grains between the grains of phyllosilicate minerals. They
are of similar size to the grains of gquartz. Calcite, easily
distinguishable on account of its having been stained, is one
of the major constituents of the sediment, and occurs as small
cerystals and aggregates uniformly distributed throughout the
rock.

Opaque minersals are virtually absent, but a few tiny
grains were noted. Disseminated minute grains of a mineral .
with high relief which may be 2sphene occur in very minor
amounts in the rock.

The mineralogical composition of the sediment is
estimated as follows:

Vol 20

Calcite 35
Quartz 22
Plagioclase 2
Chlorite

Muscovite Lo
Accessories 1

Some authigenic crystallization of crystals of
chlorite and muscovite which are larger than the average and
which lie across the fabric planes has taken place, but this
is not interpreted as an indication of metamorphic action.
The rock is regarded mercly as a calcareous shale.
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4. (TS 18224, P730/66) _iWonoka Formation
(Description by A.B. Simpson)

Macroscopically, this specimen is an extremely fine-
grained buff rock containing closely spaced dark streaks which
lie in an approximately parallel arrangement and which probably
define the bedding. A high content of calcite is indicated by
the brisk effervescence produced by application of dilute hydro-
chloric acid. :

The thin section of the rock shows 1t to be made up
of a fine~grained equigranular mosaic of guartz and carbonate
minerals., The constituents of this mosaic have an average
grain sige of about 0,03 mm., No variation is visible in the
mosaic other than the parallel short dark lenses referred to
above; these consist of an opagque mineral, possibly an iron
oxide, further grains of which are scattered throughout the
sediment. The gquartzes of the mosaic show a tendency towards
polygonal outlines, a phenomenon suggesting some recrystal-
lization. The majority of the carbonate grains have responded
to staining, showing calcite to be the dominant carbonate.
X-ray examination of the sample indicated that the unstained
constituent is also calcite, not dolomite as was suspected. A
very minor amount of plagioclase feldspar is assoclated with
She quartz of the mosaic. Flakes of muscovite occur through-
out the rock in random orientation. Minor amounts of a grecn-
ish biotite were also observed; this mineral appears to be in.
the process of development, and may be a hydrobiotite. Also
present are minute quantities of Z2clay mineral forming the very
scarce cementing medium in the mosaic. The accessory mineralsg
in the rock are tourmaline grains, dichroic from colourless to
greenish-yellow, and tiny rounded colourless zircon grains.

The proportion of these minerals occurring in the
rock were estimated as follows:

Vol %
auartz b))
Caleite 30
Muscovite 6
Plagioclase 1
?Clay minersals 2
?Hydrobiotite 3
Opagues 2
Accessories 1

The sediment is classified as calcareous siltstone. It
does not appear to have suffered any significant degree o
metamorphism,.

h2., (TS 18225, P731/66) Wonoka Formation
(description by A.B. Simpson)

This rock is a massive, fairly fine-grained quartziti-
variety. It is of a pinkish-white colour, with rusty weathered
surfaces, 5

The microscope reveals it to consist basically of a
mosaic of recrystallized guartz grains of fairly uniform size
lying in the region of 0.25 mm. Within this recrystallized
mosaic lie rounded grains of feldspar of similar size. These
are mainly of microcline, but plagioclase is also represented.
The latter appears to be of sodic composition, and is partially
sericitized in some cases. A few small chert fragments are
incorporated into the recrystallized quartz mosaic. Cement
is very sparse in this sediment, but where present consists of
very fine aggregates of 2clay minerals., Large grains of green
pleochroic tourmaline and tiny rounded ziroon crystals occur in
accessory amounts.
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The approximate mineralogical composition of the rock

is:
Vol%
Quarts ‘ 90
Feldspar 5
?Clay Minerals L
Accessories 1

It is classified as a feldspathic sandstone. The rock
has suffered recrystallization of its quartz content, but the
feldspars have not been affected, as may be seen from the
rounded grains still present in the mosaic.

3., (TS 18193, P699/66) Pound Quartzite
Description by A.B. Simpson)

In hand specimen, this rock is nearly white. A slight
trace of bedding is visible. Abundant tiny white specks, avpa-
rently a weathered mineral, are distributed throughout the ‘
rock.

The main part of the thin section is composed of well
sorted and well rounded grains of quartz compacted in such e
way as to leave little or no interstitial space. The average
grain size met with:in this part of the sediment is approximately
O.45 mm, A zone in which the texture is completely different
traverses the section. In this part of the quartz grains are
generally smaller and slightly more angular, and are set in a
matrix of fine, wvery angular guartzes averaging about 0.03 mm.
in size. The appearance of this interstitial material suggests
that it has been formed by partial crushing and recrystalligza-:
tion of the normal sediment. The quartz grains in the main part
of the rock themselves show the effects of strain, and are in
many cases biaxial as a result.

Chert fragments are fairly numerous in this sediment,
Feldspar was searched for, but was not found. Even staining
with sodium ccbaltinitrite failed to detect the presence of
potash felspar. The whitish material seen in hand specimen
was absent from the section, having disintegrated during sec- .
ticning., When studied in an oil mount, however, it proved to
be composed entirely of clay minerals., The only other con-
stituent of the rock is zircon, a few scattered grains of which
wepe observed. ?

The composition of the rock is estimated as being:

Vv 0120

Quartz 9L
Chert grains 1
Clay minerals 5

This sediment may be classified as an orthoquartzite.
It has evidently suffered a moderate amount of mechanical
deformation.

hh. (IS 18192, P698/66) Pound Quartzite, lower unnamed member
(Description by A.B. Simpson’ )

This rock is a medium-grained arenaceous sediment of a
purplish colour. It possesses only a very wmoorly defined
bedding. In hand specimen, the degree of sorting appears to
be high.

Thin section examination proves that the main mineral
in the rock is guartz, in the form of a mosaic of well sorted
sub~angular grains in which the average grain size is approx-
imately 0.2 mm. Some chert fragments occur also. A considerable
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amount of feldspar is present, also in sub-angular grains of
_similar size to that of the gquartz. Turbid, partially
‘sericitized potash feldspar is the more abundant, but a fair
amount of twinned microcline also occurs. This latter mineral
differs from the other feldspar in beling in a very fresh con-
dition. A few shreds of muscovite and a very minor amount of
chlorite (detrital)were also observed. Along the boundaries
of the grains, and in the interstices, occur very fine-grained
aggregates of 2clay minerals and %iron ores, but in very small
quantities., Qreen tourmaline grains may be scen in some parts
of the rock, but are not abundant.

The approximately mineralogical composition of this
sediment is as follows:

Vol 'Zo

Quartz 70
Potash feldspar 17
Mierocline 8
Muscovite, chlorite and clay

minerals Ly
Tourmaline and iron

minerals 1

The rock may therefore be classified as an arkose
(Pettijohn, 1957, p 291).

us. (TS 418227, P733/66 ) Pound Quartzite
Description by A.B. Simpson)

This guartzitic rock is fairly fine-grained and is
greyish-white in colour, tinged with pink in places from the
presence of iron oxides. A poorly defined bedding is shown by
the alignment of these iron-stained areas,

Microscopic examination shows that the rock is al-
most entirely made up of guartz, the grains of which are mainly
sub-rounded to rounded. They range in size from 0.08 mm to
O.4y mm, with an average in the region of 0.2 mm. In parts of
the section, cement is virtually absent, and the grains combipne
to form a m&gsaic., ZElsewhere, a very fine-grained aggregate °
bf 2clay minerals forms a filling in the interstices between °
the grains. Feldspar is common in the rock. Fresh microcllng
is cHnspicuous, but grains of another alkali feldspar
(2orthoclase) which shows no twinning and is turbid are present
also in falr quantity. A few small flakes of muscovite were
noted, and tourmaline and tiny rounded zircon grains occur in
accessory amounts. Some small grains of an opague mineral
are scattered throughout the rock, but their numbers are
insufficient to account for the pink coloration of the hand
specimen. This is probably due to iron staining of the clay
mineral cement in the bands where this cement is abundant.

The approximate percentages of minerals present are:

Vol lZo
Quartz 80
Microcline 5
?0rthoclase 5
?Clay minerals 8
Other minerals 2

The rock may be termed a feldspathic sandstone.

46, (TS 18195, P704/66) Wilkawillina Limestone
(Description by 2.B., Simpson)

The hand specimen of this rock is medium-grey and
finely crystalline. It shows no fabric, but is traversed
haphazardly by poorly~defined yellowish-buff zones of
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staining. It is elearly calcareous.

Under the microscope, this Pock proves to be composed
almost entirely of calcite. This takes the form of a mosaic
of fairly uniform crystal size (about 0.02 mm), but with
scattered larger individuals up to 0.13 mm., A few small angu-
lar grains of guartz were noted, but feldspar was not seen.,
The only other constituent of the rock is the 2iron oxide
staining which gives the irregular "veining" referred to above.

The composition of this specimen is estimated as
being:

VOlZo

Colecite 98
Quartz 2

It may be classified as a limestone of high purity.

47. (TS18197, P703/66) Parara Limestone
(Description by A.B. Simpson)

In hand specimen, this is a very fine-grained grey
calcareous rock, the colour of which is appreciably darker than
pP7041 /66, It also displays no fabric. Thin veinlets of a
white carbonate (proved to be calcite) traverse the rock.

Microscopically, the rock is seen to consist almost
entirely of calcite in the form of crystal plates of various
sizes. These range from about 0.02 mm to 0.13 mm, with the
great majority of the crystals falling in the smallest sizes,
The calcite of the veinlets is coarser in grain. No other
carbonate was observed, but X-rays revealed the presence of
minor rhodochrosite. A few mogttered angular grains of guartz
occur in the calcite mosaic, but no feldspar was visible.
Chalcedony of a fibrous form fills some cavitles and cracks in
the rock. It is 'dusty' in appearance and is associated in
places with 2opaline silica. Some muscovite 1s present, but in
very small quantity. Small concentrations of ?hematite occur;
apparently as a replacement of pre-existing rounded bodies. !
This mineral is also to be seen as a filling material in some -
of the thin cracks running thrbugh the rock.

An interesting feature of this rock is the presence.
of darker patches in the recrystallized carbonate mosaic. Some
of these are rounded or sub-rounded, while others are of a more
elongate outline. It is suggested that these are the remnants
of carbonate fragments of o detrital nature which have been
partially obliterated during recrystallization of the inter-
stitial carbonates.

fin estimate of the mineralogical composition of the
rock is as follows:

Vol%
Calcite and rhodochrosite 98
guartz and chalcedony 1
Hematite 1

The rock may be classed as a limestone, possibly of
detrital origin.

48. (TS 18198, P70L/66) Oraparinna Shale
(Description by A.B. Simpson)

In hand specimen, this rock is pale greyish-buff and
of very fine grain. It is finely laminated, the individual
laminae in places showing alternations of lighter and darker
colour, Slight flexuring of the laminae is observatle,
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especially in the vicinity of aggregations of a fine~grained
white mineral which is possibly a carbonate.

Thin section examination shows the sediment to be
composed mainly of an extremely fine-grained carbonate mosaic
throughout which are scattered abundant detrital materials;
the distribution of these detrital minerals is responsible for
the laminated texture of the rock. Staining indicates that
virtually all the carbonate is calcite, but a very minor amount
of unstained carbonate occurs. This is probably dolomite (see:
below). The average grain size of these minerals lies in the
range 0,01 to 0.02 mm. Angular grains of guartz are common in
the rock. Where they occur in the carbonate mosaic they have
maximum dimensions of the order of 0.2 to 0.3 mm, but in those
parts of the rock less rich in carbonate minerals they attain
an average size of about 0.06 mm., Small flakes of partially
chloritized Dbiotite of a yellowish-green colour are the main
constituents of the darker bands in which these coarser quartsz
grains occur. Scattered larger plates also of this mineral ‘
may be seen in these impure laminae. Some shreds of colourless
muscovite are also present, but in fairly minor amount. Also
present as a minor constituent is plagioclase feldspar,
occrirring as twinned grains of a size similar to that of most
of the guartz., Small granules of hematite, rounded prismatic
crystals of greenish-yellow tourmaline, and euhedral cubic
crystals of an opagque mineral (?Exgitei are present in acces-
sory amounts.

X-ray examination showsd that calcite is the only
carbonate detectable, but it is possible that the very small
amount of unstained carbonate is ?dolomite.

The percentage composition of this rock is estimated
as follows:

Vo 120

Calcite and ?dolomite 75
Quartz 10
Chloritized biotite 10
Muscovite 3
Others 2

The sediment may therefore be classified as a silty
limestone. :

49. Altered Dolerite from Melrose Diapir
ZDescription by E.D. Thiele)

Macroscopic characters - This example is a medium-
grained holocrystalline rock, with a prevailing greenish-grey
colour. PFerromagnesian minerals are dominant and the structure
is granular, :

Microscopic Features - Considerable mineral rear-
rangement has taken place, but in general a definite ophitic
structure is recognisable though as a rule the breaking up of
the original minerals has developed a granular character. The
ferromagnesian minerals are the most abundant, and the
unaltered forms are chiefly pyrosxene, but uralitization has
proceeded to some extent L 1ittle granular material of high
relief is probgbly olivene.

The feldspars, where definitely determinable, are
triclgnic, giving extinction angles on the alblte lamellaez up
to 257, representing probably labracdorite. They generally
show considerable alteration, passing into epidote and calcite.
Iron oxides are present, but are not very abundant.
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50. (TS 416 P 65) Alterad Microdiorite from Worumba
Diapir Description by R. Townend)

These three specimens appear to belong to one igneous
suite; i.e., they are all members of the diorite clan, and :
differ chiefly in grain size. Specimen 1 is an altered E§£~
phyritic andesite, although its plagioclase is too altere
to allow compositional determinations. The dominant matrix
has a grain size below 0.03 mm, and is composed of plagioclase,
pale green hornblende, epidote and opague granules (10 to ?
15%). Coarser patches occur with secondary epidote and ;
amphibole. The sporadic phenocrysts are chloritised plagioclase,
typically 0.3 by 0.05 mm. There are a few narrow epidote -
veins,

Specimens 2 and 3 are both plutonic, i.e. diorites,
with 2 of similar composition to 41, but probably more mafic,
with hornblende forming 60 to 70% of the rock. This rock is
also altered with chlorite and epidote the main products.
Opagues form less than 5%, and are mostly gone to leucoxenic
sphene, indicating the original presence of ilmenite. Specimen
3 has a grain size averaging between 1.0 and 2.0 mm. It is
slightly fresher than the other two and is likewise hornblendic,
but also contains a certain quantity of augite mostly as cores
tu the amphibole. The texture of this rock is unusuol in that
the feldspar (andesine) and mafics are intergrown in a graphic
rather than ophitic sense., Alteration is intense locally, :
particularly in the plagioclase, apparently to clay material, .
and epidote, while extensive veining of the feldspar has :
occurred with the formation of (2)riebeckite and chlorite.
Opaques are prominent and have the skeletal habit of ilmenite.
Recrystallization of the amphibole has resulted in patches of
fine microlite amphibole needles.

These rocks have certain features, such as their
density, lack of voids, interlocking texture etc., which are
desirable in ballast, but they are somewhat altered, and where
this alteration is low temperature, such as clay formation,
then this is probably rather detrimental.

5. (TS17640, PL7B/66) Microdiorite from Great Gladstone -
Diapir (Description by I.F. Scott)

This is a very heavily chloritized porphyritic
microdiorite, Very occasional plagioclase feldspar pﬁeno-

crysts are present in a medium grained groundmass of plagio-
clase laths, opagques and chlorite alteration products.

Phenocrysts are partly clouded with chlorite,
sericite and fine, dusty opagues

Approximate  mineral proportions are now:

Vol%

Plagioclase feldspar 55
Chlorite 20
Opaques 25

Chlorite alteration is scattered throughout the
rock and is also present as small segregations. Many of the
opaque grains are haematitic in nature because of alteration.

55. (T817609, Pu77/66) Dyke near Great Gladstone Diapir
Description by I.F. Scott)

This rock is an extremely altered porphyritic quartz
microdiorite.

Approximate mineral proportions are:
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Muscovite (?sericite) 4o
Chlorite 20
Opaques 25
Quartz 5
Plagioclase feldspar 5
Biotite =5

Apatite, carbonate accessories

The rock was a medium grained plagioclase-rich
material which has been severely sericitized (developed into
muscovite-sized areas) and chloritized so that very few rem-
nants Of the original feldspar crystals are now visible.
Opegques have always been an important constituent and the
“"herring-bonet needle-like growths resemble ilmenite. Where
these opaques have been altered a red, semi-opaque iron oxide
is now present.

Quartz occurs in small segregations but is not a com-
mon constituent. Biotite is similarly relatively uncommon but
is apparently of a primary nature. Traces of apatite and secon-
dary carbonate (alteration) were also observed.

56. (T34 0, P 67( Siliceous Jasper
Description by G. Williams)

Rock Name; Siliceous jasper.

Hand Specimen:
4 microerystalline rock with thin wavy banding (up to
omm wide) in tones of grey with fine, dull red streaks
following the banding.

Thin Section:

L visual estimate of the constituents gives the

following:
Vol%
Quartz 9L
Opagques 5
Muscovite, carbonate 1

This is a banded siliceous jasper in which the quartgz
grains range in size from 0.65 to microcrystalline aggregates,
The larger quartz grains are anhedral, and grade into the
surrounding fine-grained groundmass. They contain numerous
minute specks of opague material, and rounded carbonate
inclusions are common. A4n inclusion-free core may be present,
In some areas silica has crystallized in cavities and along !
fractures. The banding is due to concentrations of disseminated
opaque material (?magnetite). These layers are wavy and irre-
egular, Secondary muscovite flakes are aligned parallel to :
these bands. Rare gzircon grains are rounded and some are
cored.

History:

It is suggested that this rock represents a siliceous
sediment (chert) of chemical origin, which has been recrystall-
ized. The fluctuations in the banding of the opaque material
have probably resulted from the recrystallization.

57. (1819700, P360/67) lMetosometisal Granite Arkose
(Description by G. Willl&mSS

Rock Name:
: Granitic arkose.
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Hand Specimen:

A pink, medium-to coarse-grained, massive rock. Pink
feldspars, and quartz grains are set in a pinkish matrix.
Thin Section:

A visual estimate of the constituents gives the
following:

%
Quartz LO
Microcline 30
Orthoclase 25
Secondary rutile 3
Biotite 2

Fluorite, tourmaline,
zircon ace

This is a medium- to coarse-grained rock, the median grain
diameter being 1mm; grain-size is moderately uniform. Sub-
angular to sub-rounded guartz and feldspar grains are cemented
by secondary silica and feldspar. Intergrowths between the
two are common., Commonly gquartz grains have a narrow rim of
very small alkali feldspar euhedra which have been overgrown
by silica. Some areas between grains consist of very finely
recrystallized quartz and feldspar. Voids have been lined by
fluorite. Orthoclase has been altered to a greater extent than
microcline Dbiotits is pale brown, and occurs as wavy flakes,
sometimes pinched bétween grains; clusters of rutile granules
are numerous. Many grains have been fractured and the cracks
filled by quartz or feldspar.

History:

Detrital cores visible in many grains indicate this
rock to be of sedimentary origin. There has been limited de-
formation of the grains and extensive metasomatism, partic-
ularly by potassium, and also by silica. This has resulted in
many micrographic intergrowths between alkali feldspar and
quartz, and very small crystals of alkalil feldspar commonly
surround quartz grains, and have been overgrown by silica.

To determine whether the metasomatism caused mobili-
sation of the arkose, it would be advisable to know if the
surrounding fault breccia has or has not been metasomatised.

58. (T819792, PLi3/67) Metasomatised Granite Arkose
Description by G. Williams

Rock Name;
Granitic arkose.

Hand Specimen:

L pale pink to buff-coloured rock composed of grains
ranging from fine sand sized up to 3 mm in diameter (granule
size)., It is firmly cemented and porous.

Thin Section:

L visual estimate of the constituents gives the
following:

%

Llkali feldspar 55
Quartz 35
Lithics 6
Muscovite 2
Plagioclase 2

Opagques, rutile, tourmaline ace
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This rock is generally similar to P360/67. It differs

from it by containing lithic fragments of rhyolitic/micro-

syenitic composition, guartzite and granite. There is also
some recrystallized muscovite. Sorting has not been as good
as in P360/67, and coarser grains are present, some up to
3mm in diameter. The overgrown fringes of alkall feldspar are
not as obvious, though feldspathisation in the interstitial
areas es extensive. Many grains are strained or fractured.

History:

This is an arkose which has been derived wholly from
a granitic terrain, and been subjected to metasomatism.



Spectrographic analysis fer metallic elements in samples representative of rock units
Hawker Groups on ORROR0O,

APPENDIX II =~

119

in the Umberatana, Wilpena and
Analysis by N,V, Johnston of the Australian Mineral Development Laboratories,

Sample No, Rock Unit Locality Cu Pb Zn Co Ni Cr V g Ba Mn Fe% Ca% Mgh
A3356/66  Oraparinna Shale 54m NNE Gordon 50 50 4o 25 60 150 400 0,8 1,500 300 73 H H
A3355/66  Parara Lst 4m NNE Gordon 6 3«20 <1 3 5 <1l 0,2 200 300 0,03 H M
4335l /66 " " noon " 15 8 30 2 5 25 4 0,4 200 3,000 0,5 H M
A3353/66  Wilkawillina Lst 6ém NE Warrens Gorge 12 10 30 1 5 50 1 0,3 4o 6,000 0,61 H ™
A3352/66 Parachilna Fm 2im NE Warrens Gorge 20 L4 <20 2 5 500 5 0,2 5 300,6 L L
A3385/66 Pound Quartzite 9m N Paratoo 7 6 <20 1 2 200 4L<o,1 600 10 0,3 L L
A3351/66 " " lm N Warrens Gorge 1o 8<20 «1 1 200 1 0,2 5 50,3 L L
A3350766 " " " " " 15 20<20 <1 3 700 6 go,1 20 100,8 L L
A3382/66 Wonoka Formation 9m NW Paratoo 30 15<20 7 25 300 150 0,4 50 800 0,5 H M
A3379,'66 " " bm W Bendleby 20 20 4o 5 20150 6 o0,1 30 1,000 0,5 H M
43349766 n n lm N Warrens Gorge 100 15 20 7 15 150 8 0,2 1,000 2,000 0,8 H M
A3386/66 Bunyeroo Formation 8m N Paratoo 15 20 60 12 25 120 100<0,! 3,000 600 - M M
A3362/66 " " .m W Belton 10 150 80 15 50 200 250<0,1>10,000 2,000 >3 L M
A3348)66 f " Warrans Gorge 30 50 80 30 120 400 300 <0,1 1,000 50 ®3 L M
43380/66  ABC Range Quartzite m S Dawson 4o 50 30 15 10 500 10 0,1 30 1,000 3 L L
"A33617/66 " " " m W Belton 120 25 20 15 25 300 300 0,2 50 4,000 >3 L L
A3347/66 " n " Warrens Gorge 20 2<20 <1 1 600 1<<0.,1 3 150.2 L L




Sample No, Rock Unit Locality Cu Pb Zn Co Ni Cr V Ag Ba Mn Fe% Ca% Mg%
A3387/66  Ulupa Siltstone 8m N Paratoo 25 10 70 15 25 120 100<0,1 600 500> 3 L M
A3360/66 " " 6m W Belton 20 20 40 7 15115 300<0,1 2,000 '200 3 L L
A3359/66 " " " " 200 50 30 4o k4o 300 400<O.1 2,000 5,000 3 L L
A3346/66 Brachina Formation im W Warrens Gorge 20 50 70 20 50 400 300 0,1 2,000 300 >3 M M
A3345/66 " " " " " 50 15 30 20 50 500 300 0,3 3,000 1507>3 L L
A3389/66 Nuccaleena Formation 3m S Yunta 3 6<220 o<1 1 8 2 0,2 600 150 0,5 H M
A3367/66 n " Ihm ENE Carrieton 10 12 20 2 L 50 1<<o,1 700 2,500 0.4 H H
A334L /66 " " 4m W Warrens Gorge 10 2<20 4 2 5 1 0,2 20 5,000 0,08 H M
A3366/66 Elatina Formation 4m ENE Carrieton 8 8<20 4 8150 25 0,1 1,000 "300 2 L L
A3366/66 " n non n 20 10=20 10 20 300 60 0,8 1,200 2,000 0,6 M M
43364 /66  Enorama Shale Lkm ENE Carrieton hbo 50 60 12 30 150 250 o,1 2,000 250>>3 L M
A3388/66 Tarcowie Siltstone 7m NE Paratoo 20 8<20 8 15 500 50 o0,7 2,000 1,000 3 H H
A3378/66 " " 1im SE Pekina 10 15 4o 15 30 500 300<<0,1 3,000 300 3 M M
43376/66 " " 4m SW Orroroo 60 70 25 10 30 250 300 9,2 1,000 OO 3 M M
A3363/66 " " 4m ENE Carrieton 12 30 60 10 20 300 250 0,1 1,200 _300 3 L M
A3377/66  Efina Formation 4m S Orroroo 8 6<20 3 1 8 4 o0.,2 80 2000,5 H H
A3357/66 " " om ENE Gordon 8 3=<20 1 1 8 1 0,3 '800 300 0,03 H M
A3358/66  Uroonda Siltstone M 6m W Cradock 20 50 20 7 30 300 300 0.8 3,000 300 3 H H
A3343/66 Unnamed u member Willechra Fm, 4m NW Quorn 50 20 k4o 15 50 500 250 0,1 1,500 600 3 L L
A3342/66 * u " " R "onoon 15 12 20 4 8 500 120<.0,1 300 50 2 L L
A3341/66 LT S n " wonm 10 10 25 8 20 500 250 0,2 500 50>3 L L
A3340/66 Unnamed L member Willochra Fm, 3m W Quorn 30 12 20 15 80 500 250 0,2 500 200 2 H H
A3339/66 "L n " " " " 25 15 30 10 70 300 250<0,l 500 100>3 L L
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Sample No, Pock Unit Locality Cu Pb Zn Co Ni Cr V Ag Ra Mn Fe% Ca% Mg%
A3374/66  Brighton Limestone im SW Orroroo 6 6<20 <=1 5 8<1 o0,1 80 120 0,05 H M
A3338/66 " " 3m ¥ Quorn 20 5< 20 <1 6 ho 4L o,1 500 600 0,8 H M
A3373/66 Yankaninna Formation im SW Orroroo 50 150 40 50 40 400 40O 0,1 1,500 700>3 M M
A3337/66 " " 3m W Quorn 20 8 ho 6 25 200 200<0,1 3,000 100 3 L L
A3394 /66 Tapley Hill Formation 21im WNW Melton hbo 20 30 12 30 200 200 0,7 1,500 250> 3 H H
A3372/66 " " " Z%m W Orroroo 20 3 30 15 4o 200 300 0,1 1,200 hoo 3 H H
A33364/66 " " u 2fZm W Quorn 50 40 40 10 50 300 250 o,1 1,200 500 3 H M
A3393/66  Tindelpina Sh, Member 4m NNW Melton Hstd, ho 15 30 3 15150 200 0,2 1,500 25 3 L L
A3371/66 " " " 3m W Orroroo 25 6 20 10 12 600 25 0,1 500 30 3 L M
43336¢/66 " " " 2m W Quern 50 15 40 12 70 300 40O o.,4 2,000 500>3 H H
43392/66  Siltstone in Yudnamutana Sub Group 4m NNW Melton Hmstd, 40 5<20 12 10 500 4o 0,2 3,000 1,200 2 H M
A3391/66 Dol, Tillite " ' " "o " " 5 520 3 4 10 4 o,1 "150 1,200 0,8 H H
A3390/66  Tillite " " " non n " 120 25 25 12 20 700 120 0,7 1,000 600 2 H H
A3370/66  Siltstone " " "  3m W Orroroo 25 6 20 10 12 600 25<0,l 300 500 3 L L
A3369/66  Tillite " " " n i 25 8 20 8 10 400 300 0,1 2,500 250 3 H H
43368/66  Lithic Siltstone " " "  5m W Orroroo 80 50 30 8 10 200 300 0,3 4,000 150=>3 M M
43336/66 Tillite " " "  4m ESE Quorn 70 15 30 5 40 500 400 0,4 3,000 200>3 H H
A3336a/66 Lithic Siltstone " " " noon " 70 60 20 3 10 600 120 1,0 100 150 1 L L

Results in p,p.m, Fe in %
MgandCa H = more than 10%
M= 1% - 10%
L=0%~ 1%
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