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SOUTH AUSTRALIA
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. D.M.1686/68
B.ASE METAL OCCURRENCE WITHIN LOWER CAMBRIAN

SEDIMENTS OF THE NORTHERN FLINDERS RANGES
SOUTE AUSTRALIA .
INTRODU CTION ‘

Significaﬂt-concentrétibnsAQf lead and éinc'with -
minor copper and silver hafe proven to be widely distributed
within lbwer Cambrian strata in the Northern Flinders Ranges,
the adjoining Torrens Sunkland and ghe Stuart Shelf. This
geport:recounts the mining activity.of the pést, recent investi-
gations which led to the recognition-of this environment as a
locus of geochemically important base metal mineralization and
suhﬁarises the results of subsequent explpration activity in
the years 1965/$869 by mining companies during’the tenure of
spécial mining leases in the northern Flinders Ranges. Figure 1
shoWs the distribution»of lower Cambrian sediments, sites of
previous mining 6perations and location of the now-surrendered

special miningleases (S.M.L.)

GEOLOGICAL ENVIRONMENT

The base of the lower Cgmbrian throughout the fidelaide
Geosyncline and adjoining Stuart éhelf is marked either by a
scdimentary hiatus or 1ocal'unconformity with the underlying
upper Proteroéoic(Marinoaﬁ):sediments.

In the northern Flinders Ranges the new cycle of sedimen-
tation commences with the Parachilna Formation., - There is an
abrupt transition from the even grained resistant Pound Quartzite
of the upper Proterozoic to_the ﬁasal Cambrian Parachilna Forma-
tion, & weakly consolidated, easiiy erqéed, argillaceouS'séndstone
typifiedlby occurrence of tubular worm borro&s (Scolithus).
Lenticular pebbie beds, white, grey or green shales and siltstones
with sandstones are common whiie'thin algal and oolitic limestones

and ferruginous or manganiferous dolomitic siltstones are present
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in some seetions. Theenvironment of deposition is interpreted
as fluctuating bétween sub-littoral and shallow shelf conditions
prior to a ﬁore generalntransgression répresented by éérbonate
rocks; The ParachilﬁaAFormation rénges up to over 1,500ft. in
thickness but is commonly seldom more than 200ft. thick. With
increasing carbonate content these sediments pass upwards abruptly
or through transitional passage beds into a thick sequence of ‘
dolomite and limestone, Ajax Limestone (or equivalent Wilkawilling
Limestoné), which covered the'site of the;Adelaide Geosyncline anq
adjoining shelf areas (Andamooka Limestone, Kulpara Limestone, eté);
as an extensive sheet outlining the shallow transgressive . |
Cambrian sea.

The Ajax Limestone is generally dolomitic, sandy or

oolitic with sedimentary breccias near the base. These are

succeeded by massive Aréhaeocxathinae . bearing limestones,
commonly . of high chemical purityg.several thousand feet in
thickness, These are in turn overlain by a barren sequence of
red—brpwn siltstones, shales and sandstones, (Billy Creek Forma-

tion etc.)..
BASE METAL MINERALIZATION

" On a regional scale anomslously high lead, sinc and
lesser copper contents Qharacterise'the beds near the base of the
lower Cambrian in many parts of the Flipders Rangers. There is
evidence that within a narrow stratigraphic interval copper
minéralization is associated chiefly with sandstone and shale
in the Parachilna Formaﬁion_and,in the dverlying limestones while
lead and zine occur in an environment of sedimentéry“ﬁrecciés,
limestones and dolomite;, usually in association with manganese.

Mining took blace at a numbpf of centres principally
during the period 1870 to 1900. Production from near-surface
secondary enrichments of oxidized copper ores was sporadic amd
generally not very profitable, the ore being handpicked and

transported to smelters in the region. Copper mines of this
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type include Red Range, Ajax, Copper King, Sliding Rock, Mount

Bayley, Angepena, Balcanoona, Moro, Mouni Chambers, Mount Arden

- and Kanyaka.

- Lead sulphides carrying silver weré recovered at .
Ediascara, Wirrealpa, Elinders, Fountain Head, Mount Lyall and
¥ount Chambers mines, |

Only a few disjointed records of this period are avail-
able éo that production from the various mines, the grade of ore
mined and marketed are either unknown or far from complete.
Sketchy details, ﬁostly culled from Inspectors of Mines reports
and lacking plans, have been re@orded by Brown (4908)., Since
that time many of the mines have been reported in publications og
the Geological Survey of South Australia but few underground .
openinés are now accessible, |

The Sliding Rock coppef mine fron which recorded ore
production amounts to 1,748 tons was investigated by Dickinson
(1944) ; this was the major copper producer in this context and
the grbss value of copper raised is estimated at £4100,000., Next
in importance with regard to copper output appear to be Mount
Bayley, Kanyaka, Ajax and Copper Kinga .

Silver-lead producers of sometiﬁportance were |
Ediacara and %he Wirrealpa ﬁines. 'Slugs 2nd boulders of galena_
have been found at the surface at a number of other localities -
But the output was generally small.. |

Following a>detailed study of the Ediacara Basin:and
a programme of diamondAdrilling by the Department of Mines, .
Nixon (1963} concluded that thé‘(princ%glly) lead mineralization

contained therein was of the Mississippi Valley type with

many similarities to the southeast Missouri lead field;

occurrence in dolémites; conformable\atfitude,'with the
mineralizétion being confined to a narrow stratigraphic thickness;
association with sedimentary breccias; and absence of gangue
minerals and the type of altermtion commonly associated with
epigenetic mineralization. Concentrations of lead, chiefly

as galena, were proven to be restricted to near-basal carbonate
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rocks which comprise the Ajax Limésfone. He eonsidered that the
deposition of ore minerals was comtemporaneous with sedimentation
and that they were recrystallized and mobilized after lithifi¥
cation of the enclosing sediments.

Subsequently, an extended programme of sampling
undertaken by Thomson (1962, 1965) disclosed that there are
above~normel concentrations of'base metals at this stratigraphic
level elsewhere within the Adelaide Geosyneline and bordering.
sﬁelvesa The extensive enrichment of base metals within the

lower Cambrian was attributed to either a sedimentary exhalative

_process contemporaneous with sedimentation or later telethermal

mineralization related to an Ordovician orogeny. The importance
of basement féultfshear lineaments in providing channel ways |
for mineralizing solutions or gases and as controls in localising
basé metal.deposition were stressed. In figures 2 and 3 the
distinct base-metal enrichment at several localities at ﬁhe
base of the Cambrian sequence is evident. There is also‘a
marked association of manganese, iron, cobalt, nickel and barium ..
at this stratigraphic level. | | |
Exploration activity by mining companies since 1965 has
further dehonatrated that basemetal mineraliiation is widespreag
within 1qwér Cambrian strata and several significant discoverkes
have been made. Geochemical surveys undertaken by Anacbnda
Australia Inc. resulted in the discovery of zine and associated
lead deposits at Puttapa which are being now devéloped by
Electroiytic'Zinc Co. of Australasia Ltd. In the Third Plain
»and Reaphook Hill localities Kennecott Explorations (Australia)
Pty.Ltd. have outlined areas of anomalous zine in a similar
environment while the same compﬁny has investigated copper, lead
and zinc occurrence in a number of other areas. Investigations
at Ediacara have been extended by Conzinc Rio Australia
Exploration Pty.Lﬁd., while similar sulphide mineralization has
been recognised along the front of the Flinders Ranges between
Mernmerna and Parachilna and in the Andamooka area by Mines
Exploration Pty.Ltd. Following expiry of Speciai Mining Leases

A
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company reports have been placed on open file but details of

operations on current leases are still held as confidential.

Ediacara Mineral Field

%

' \
‘During the period 1888 to 1913 an estimated 24,000 tons

of silver-bearing high grade lead ore and a few hundred tons of
secondary copper carbonate ore were mined from shallow pits and
uhderground workings chiefly from Greenwood's and Southern
workings aiong.the western and southern margins of the Ediacara
Basin. Ore from Greenwood's workings was reported to average
34 .5% Pb and 8.7 ozs. Ag/ton. Zinc Corporation Ltd, carried out
extensive sampling in 1938 and in 1946-7 the Department of Mines
undertook a limited programme of diamond drilling based on a study
of the field by Broadnurst (1947). |

_ Interest in the locality was revived in 1964 when'Nixég
(1963, 1964, 1967) supervised an extended diamond drilling pro-
gramme to outline limits of disseminated lead and local copper
mineralization.: The drilling of a further eleven diamond drill
"holes was undertaken by C.R.A. Expioration Pty.Ltd. dﬁring the
temure of S.M.L.77 and 14l in 1965-1966 (McQueen, 1967).

The geologic;l structure and disposition of the

various units is depicted on the plans and secfions (figures L
and 5). gThe Upper Proterozoic Pound Quartzite, almost 4 ,000ft;
in thickness, that delimits the shallow closed synclinal basin
is o§erlain by the Parachilna Formation which comprises.about
50ft. of gritty sandstones, greenish shales and dolomites and
includes a 10ft. thick gcolithus - bearing bed. The suceeding:
Ajax Limestone totelling 4 ,000ft. in thiékness has been subdivided
into several units. The lowermost sandy cross-bedded dolomite
ranges from 50ft. to 450ft. in thickness a2nd comprises a well
bedded unit in which breccia layers are developed, mangénese is
common and primary lead mineralization occurs. Laminated algal
dolomite averages 120ft. in thickness and comprises buff and grey
dolomites in which breccias are common, including a persistent .

outfropping siliceous manganiferous and iron stained breccia
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near the base of the unit; manganese staining is common through-
out and the unit is the host to primary lead mineralizastion., The '
uppérmost unit comprises massive dolomite up to L50ft, in thickness

in the centre of the basin; archaeocyathinae are common, minor -

breccias occur and only minor mineralization is evident.

Some difficulty was experienced in identification of
some units in drill cores which had been defined from outcrop
mapping, particularly with regard to cross-bedded sandy and
laminated algal dolomites which have similar lithologies in part.
To what extent facies changes affécted identification of these
stratigrapﬁic units has not been determined.

| Galena, the main "ore" mlneral, occurs in individual
crystals of varying size scattered throughout the dolomites, as
small lenses along bedding planes, as vein fillings or as the. ‘
main constifuent of the matrix of sedimentary (slump) breccias.o
The sulphide is generally encrusted by cerussite or anglesite ané
in the abandoned workings fhe principal minerals are galena and
cerussite. Copper occurs as carbonates but useful concentration§
are known ohly in a loecal area in the northern section of the
basin and at Black Eagle workings from whence there has been
small production of ore, hand picked to 20% Cu. Patches ‘of
"gossan!" located in both the southeasfern and séﬁfhwééterh péf%s
of the field comprise thin, conformeble, iron and manganese-
stained siliceous breccias whlch contain 1nsigniflcant copper and
lead ~ontents. Several masses of psilomelane and ironstone
(1limonite and haematite) haematite) have been opened up by pits
and shafts to provide ironstone flux for local smelting of lead
ores but theée deposits are superficial, Dfilling down~-dip from
the outerop of the gossans has revealed minor lead and copper
mineralization only in D.D.10

Nxion (op.cit.,) concluded that the nineralization is
stratiform and confined to a relatively narrow sequence in two
zones relatively richer in metals, described as being 50ft. apart

and between 100ft. and 200ft. above the base of the Cambrian.
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Deposition of ore minerals was considered to be contemporaneous °
with sedimentation; localization being influencgd by sedimentary
and structur=l features ana ore minerals being mobiiized and
recrystallized afterlithification of the sediments. The drilling
of 35 diamond drill holes, by the Department of Mines., indicated
some 17% million tons of "ore" over a thickness of 52feet and
having an average grade of 1.13% Pb, For a grade averaging 0.9%
Pb with an average thickness of 58fﬁ. the inferred reserves were
estimated at 31.8 million tons (Nixon, 1967). It is apparent
that mineralization is not restricted to ﬁny particular stratum
and that lead and édppeﬁ miﬁerals are enclosed ih various litho-~
logies viz. a2 shaley facies Qf the Parachilna Formation and sandy

cross-bedded dolomites and laminated algal dolomites of the

~Adax Limestone. Drilling has intersected mineralized rock in

several zones, as outlined in figures 4 and 5 in plan and in the:
cross-sections, marginal to the fault which defines the western
limits of the basin from the surface to depths ranging to 900ft..
Mineralizétion is richest, though of low grade, on the northwesterrn
flank, trending to lower grade and pinching out to the south.

The drilling of eleven holes by C.R.A. Exploration Pty.
Ltd., failed to extend the limits .of previously indicated minerali-

gation., A revision of indicated tonnages based on an interpre-

tation by McQueen (1967) of distribution of mineralization in the

various units is'as follows:
1. body in laminated algae dolomite -.412 million tons
average 0.84% Pb
2. body in sandy cross-bedded dolomite - 47 million tons
average 1.23% Pb (with an enriched yone included in 2,
of 1.2 million tons averaqing 2.24% Db.) .

It waé concluded that the “"density of the drilling
and knowledge of mineralization in the., « o « . «s8tructure
indicate that an economical deposit of base metals(is unlikely
fo occur therein" and thelease expired on 31 st March, 1967. It

remains to be detenminéd whether the down~faulted sector to
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the west of the Ediacara structure is underlain by Cambrian

]

sediments and whether or not these are mineralized.
Tabulated below are the most significant diamond drill

intersections at Ediacara with their average metal contents:

Bng Inzgggi§ T?;:gg;ss % Fb %Cu % Zn Ozéfg{Dwts
2 105-408 3 '0.97 0.02  0.01 o 8
3 6-12 6 o 4.43 12.4 0.28 7 7
5  145-1L4 26 0i91 0.04 0,005 3 49

! 176-190 th 1.02 0,07 0.04 4 0

6 0-100 100 1,56 0.01 - 0.01 0 14
7 135-190 55 . 0.29 0.65 0.03 0 6

490-290 400 1.32 0.18  0.06 0 3

10 41 87-247 60 0.97 0.15 0.08 0 42

13 52-100 L8 0.83 0.005 0,04 0 I

A4 20-115 95 4,26 0.004 0,007 O 17

15 80-180 100 4,04 n.de  n.de n.d.’

17  100-400 10 " 4.07 n.d. n.d. n.d,

160-170 10 1,03 n.d. n.d. " n.d,

18 45-30 15 - 0,98 1.8 n.d. n.d,

19 21 34 13 : 0.20 2,78 n.d. n.d. -

20 20-22 2 © 0.94 0.58 0.37 n.d.

23 0-70 70 0.88 0.0 0.02° 0O 7

32 270-345 75 0.914 0.03 0.07 1 16

33 340-380 70 1.03 0.004 0,005 O 10

3 450-540 . 60 0.9 0.005. 0,02 0 L

© 560-590 30 1,07 0.03 0.009 O 17

35 30-80 50 . 1.23 0.007 0,03 0 2

39 512~542 30 0.83% 0.04 0.07 0 14

A 690-760 . 70 0.72 n.d. n.d. 0 3

L7 140-149 -9 n.d. 0.38  n.d. ' n.d,

Puttapa Zinc Prospect

Special Mining lLease 143 was granted to Anaconda Australia
Inc., on 16.5,.66 fo undertake a prugrémme of geochemical sampiing
on a reconnaissance basis of selected areas that included the
Ajax Limestone.. Stream sediment samples«takenlon a density
ranging from % to 10 per square mile were screenéd in the field

and the minus 80-mesh fraction were submitted for determination
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of Cu, Pb andZn»conténts after cold extraction with hydrochloric
acid. These showed concentrations generclly in the range 2 to
10p:p.m. Several areas showed anomalous (plus LO p.p.m. and up

to usolp.p.m;)-copper contents mostly adjacent to old copper .
mines - Mucatoona, Nuccaleena, Red Range, Modnt Bayley, at’r?
Angepena gold field and near Patawarta Gap. Significant lead

(LO p.p.m. to LOO p.p;m.) and zinc (100 pe.p.m. to 1300 p.b.mq)
anomalies were located in the Puttapa locality in the vicinity sf
the Ajax copper mine, less thah two miles east of the Leigh Creek -

Port Mugusta railway. Follow-up rock sempling and detailed mappiqg

outlined'outcrops_of willemite (Zn2SiOuy with associated hedyphane

JC
SNV,

(Pb Cl.Pb, (480,), venadinite (Pb C1. Pb, (VO,) finnemanite
(Pb5 CI(A503)3) ahd coranadite (lead mongenate) with manganese
and iron oxides., Subsequently é.M.L.-113 (expired 6.12.66) and
136 were granted to include the prospect and the area was finally
surrendered on 31 .3.67. This report summarises the reéults of
work undertaken by Anaconda Australia Inc.tat the Puttapa zine
deposit and is based on the report of Whitehead (1967)

At the prbspect, zinc and lead minerals occur as'weathereg
residuals and replacément‘éeposits in a complex féult zone within
an area 1,000ft. x 400 ft. of great structural complexity. -
Figure 6 shows the disposition of the.various units of the Upper
Proterozoic and the overlying lower Cambrian formations, the
strata being contorted and often truncated by faults in an area
marginal to the major Nor'West Fault. Locall&, the Cambrian and
Older sediments have been intruded by masses of diapiric breccia
containing blocks of finely.banded shale 2nd siltstone with
halite casts, dolomite and quartzite dérived from the underlying
Callana Beds., The lowef Cambrian succession comprises kaolinitic
sandstones of the Parachilna Formation approximately 200 feet
in thickness, and the overlying Ajax Limestone, 2,500ft. thick,

which contains abundant well-preserved Archaeocyathinae,

Bold outecrops of whiie zinc silicate containing up to
52% 7n (average LO% Zn) with lead chloro-arsenates and chloro-
vanadates (containing up to L6Z Pb), associated with manganese

and ochreous iron oxides have been mapped in detall by Whitehead

e
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(op. cit.), figure'f, over an areé-1,000ft. x 4OOft., Willemite
occurs in hadiatiﬁg, prismatic or, sphérulitic aggregates,
mamnmilatad colloform bands and structureless masses, Laterally,
these bcdies pass abruptly into red re@rystallizedUmanganiferous
dolomit s which contain paper-thin mineralized films along
Joints and'fractures,.the red dolomite being a recrystaliized
variety of the normal grey éolgured Ajax Limesfonei‘
*No boxwork, pseudomOrphous‘replacement or other
indication of sﬁlphideé has been detected and the
general appearance of the deposit strongly suggests thgt
the zinc and lead have migrated in groundwater solutions..
..The main concentration of zine at the surface occﬁrs
in an éxténsively faulted area where massive Ajax
Limestone......is closely assgociated with areas of
Lep fg‘diapirlc ‘breccia, but. most of the zincwbearlng outcropsh
are separated .from diapiric material by zones of.

fracturedo ¢ a0 oq_uaI'tZi'te LT ~ e - oy

..-"Results of geochemical stream sediment sampling in . . .
;i - the surrounding area. show. lead and zinc. anomalies. in
R many .ereeks. draining.Ajax Limestone up to two‘miles:f
north and .one; mile. south of the (main) zine mineraliza-
gyﬁxpn, Analyses range up to 760, p. p.m. for. zinc and
217 p.p-m, for lead. In contrast, the values for lead
and .zinc in sediments from streams. draining Pound .

Quartzite, Wonoka .shales. and dolomite,. and areas of

diaplr away from .the. limestone are generally low.-and. .

_stone disclosed contents of zinc up to 2,000 PsPelle with lead

' generally in the range. 80 . -to 470 pPeDeme. 1n an area one. half

mile in. 1ength at the eastern margin of the deposit to the

south and-at, the southwestern .end,. Samples taken .from a

- aistance of 1/4 mile from willemite outcrops everage 2,520

P.p.m. .lead, .The only zoning apparent is in a pnogressive
increase in zinc.and lead contents as the willemite outcrops are

approached.,

3
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Arsenic content which ranges up to 180.:p.p.m. in the

red dolomitic limestone on the eastern side of the deposit is

- greatly concentrated (uOO to 4,000 p.p. m.) near the willemite

‘-ourcrop, lead arsenates have since been 1dentified.

‘ Immediately south and west of the Ajax copper mine
the Ajax Limestone is veneefed by limonitic scree and several
small outcrops of almost pure willemite have been located
approximately one half mine east of the main zinc deposit.

Minor copper mineralizgtioh has been disclosed in the

locality, at the Ajax mine(where recorded ore production amounts
to 134 tons) and in shallow pits one half mile to the southwest.
Sampling at the Copper King ochre deposit indicated that one
near-surface section 67t, in‘thickness contained 2.,7% Cu while
the weighted average of a nnﬂber of samples was 0,70% Cu (Johns,
1956). Copper occurs principally as malachite but cuprite nas |
also been recorded and during the period 1899 to 1908 recorded ;

" production of copper ore amounted to 122 tons with the average

grade of handpicked one being 25% Cu).

The Puttapa prospect, because of the nature of the
minerslization and the bélief that the deposit represented bﬁt
a thin résidual "skin", held no further interest for the
discherers. Since title was‘gainéd by.Eiectrolytic~Zinc Cos of
Australasia Ltd.; drilling has been undertaken by that Company

to prove over | 4-million tons of LO% zinec ore with lead and

plans fof exploitation have been announced;i

willochra Ares

Kennecott Explorations’(Australia)'Pty.Ltd. were
granted S.M.L, 94 over an area of 4135 square miles on 1.12.65
to undertake a programme of stream sedimént sampling and
reconnaissance rock chip samplégyover the Parachilna Formation _
and overlying Cambrian limestones which outerop in the Willochra
locality tb the north of Quorn and exfending towards HaWker.
Three areas were outlined which were considered (McNeil 41966(a))

to warrént further exploration viz,
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(11 Mt. Arden - Comstock area where sampling shoﬁed that
there are anomalous zinec, lead and copper contents
within lower Cambrian strata over a strike length of
17 miles. B
(2) Radford Creek area where anomalous lead and zinec
contents were disclosed at the same stratigraphic level.
£3) Adjacent to the Kanyaka copper mine.
S.M.L: 94 was surrendered on 31.5:66 and three new
leases within the 1limits of S.M.L. 94 were sought and granted to

the company to further explore the area defined - these are

discussed separately below,

Mount Arden -~ Comstock Area

Minor copper (Mount Arden mine) and ironstone
(Donnelly's or Comstock deposits) located within the Parachilna
Formation 15-mileé north of Quorn were exploited during the |
period 1880 to 1900 (Brown 41908; Jack 1922; Armstrong 1937;
Kingsbury 1955). |

At Mount Arden mine humeroﬁsAshallow shafts and pits
have exposed small discontinuous thin veinlets, stains,
irregular patches and buhches of malachite and azurite
over an area of 1,506 ft. x 300ft, There is no defined lode
and the copper carbonates occur patchily aiong the bedding and
in fractures within kaolinific siltstone, ferruginous jasperoidal
shale and limonitic breccia. Selective mining resulted in the
production of little more than 20 tons of hand picked ore
containing 14% to 20% Cu.

About two miles to the south, a number of disconti-
nuous ironstone pods'outcrop in a zone traceable over a strike
length of three miles in the Comstock locality round the keel of
a tight synclinal structure. The ore comprises massive limonite
with a little haematite, manganifgrous in part, which results
from surface enrichment of two beés of iron - and manganese¥
impregnated siltstones less than 250’f£. in width that are

interbedded with sandy shales, siltstones and sandstones.

"Exploratory adits driven below the main ore bodies prove that.
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they do not persist im.depth;and that they are superficial
secondary deposits. There afe four main groups of workings
‘ from which 417,500 tons of-ifonstone were mined and.shipped
to Port Pirie for smelter flux during the 1890's. The 'niorthe
eastern workings 30ft. x 70ft. and 30ft. deep are based on a |
limonite mass 700ft long and average uOft. wide- reserves of
440,000 tons of u8 L% Fe ore remain (Whltten, 963)9 The main
or southeastern outcrop has been exposed in a quarry to a depth
of 4Oft.; reserves of 51.7% Fe ore approximate 100,000 tons,.
The northwestern ore body outﬂrops over a length of 400ft, and
averages 16ft. in width; reserves are estlmated at 16,000 tons.
A mamber of pods of,manganiferous limonite have been tested by
en adit end pits in the southwestern sector of the area where
reserves aggregate 63,000 tons., Total reserves of ironstone
aggregate 350,000 tons with iron contents ranging from L8 to 58%
Fe and insolubles contents ranging to 16%, selected pyrolusite
samples contained up to 35% Mn but these and the ironstone
deposits are generaliy too small and of too low grade to be
marketable.

Foilowing discovery of significant concentrations
of lead and zinc within'the‘boundafies of S.M.L. 94 by Kennecott
Explorations (Australia) Pty .Ltd. (McNeil, 1966 (2)) that company
sought and was granted S.M.L. 108 covering 18 squafe miles in
the Mount ﬁrden - Comstock locality on 1;6.66 to undertake
further exploration; the results of geophysical and geochemical
surveys, trenching and drilling undertaken to 31.8.67 when the
lease expired have been detailed by MeNeil (1966(v), 1967 (a))
and are summarised hereunder.

The area studied is depicted in figure 8 which shows
the lower Cambrian ‘and older sedimentary units disposed in two
tight adjacent synclines. The Parachilne Formation,_cemprising
200ft. to 500ft. of thin~bedded argillaceous sandstone, silt-
stone, massive dolomite and dolomitic shale, forms dubdued out-
crops and is often mantled by scree derived from the underlying

Pound Qﬁartzite.- The Wilkawillina Limestone is about 4,400ft.
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in thickness and includes weli-beddedisandy, partly oolitic;
pale grey limestone with,ihterbédded siltstone at the base_and
passing to massive blue-grey limestomne inathg;upper,pag;s_of{‘
the fbrmationé a | : | |

Stream sediment sampleé taken on a denéity of generally
mofe than 8 per square mile indicated that the lower Cambrian
formetions were anomalous with respect to copper, lead and ziné
conténts over a strike length of ébout 17 miles. These showed
zine contents generally ranging from 20°to 60 p.p.m. aﬁd exceeding_
’150 P.P.m, in the Comstockzﬁrea with more significanﬁ and more

continuous concentrations in the eastern syncline along the
| flanks of Ragless Range over the Parachilna Formation and the
Wilkawillina Limestone, Z2Zinc contents of up to 1,740 p.p.m, were
reported‘from thefeastern syncline while in the Comstock area
anomﬁlous base metal contents includéd zine up to 4,000 p.p.m.,f
lead to 410 p.p.m. and copper (which is more or less confined
tq the Mount Arden mine area) to 100p.p.m. Follow;up rock chip
sampiing indicated that zinc mineralization ranging between 0.2%
and 1,0% Zn occurred over. stratigraphic widths of 20ft. to 50ft,
within the basal béds of the_Wilkawillina Limestone and in the.f'
central part of the Parachilna Formation.

Self poﬁential (9 lines over a length of 5.5 line miles)
and induced polarisation (3 lines over 1.1.'1;ne inles) traverses
were metered but geophysics proved to be of little assistance as
no iarge or high intensity anomalies were defined.

| ‘ To evaluate zinc mineéalization dssociatéd with
goethite and manganese wqd along'fhe western flank of Ragless
Range nine trencheé_were éxgavated uéiﬁg a'bullﬁozer and these

were channél sampled; a summary of results is tabled below:
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Tnengh .Sample ' P.p:;. 4
No. m}‘;‘_"i‘l 7Zn Pb Cu Co N1 Mn
| 10 125 410° 1550 140 50 410,000
2 120 3600 120 65 1 17 106 10,000
3 40 6775 135 42 170 160 10,000
L 90 24,80 740 80 - UI5 88 720
5 60 1250 340 90~ 50 145 2,425
6 100 6410 ° 165 23 204 150 10,000
7 70 11730 4135 = 420 167 24,8 10,000
8 Lo - 3750 77 60 140 203 3,360
9 failed to penetrate overburden 413ft. thick ~ not sampled

One sample 10ft. in width from trench 7 contained 3.55% Zn
_ The area in which the highest surface zinc values occur
(see figures 9 and 10) was tested by four non-core drill holes

(aggregate 1485ft.,) with the best intersections being as follows

H§%? I?gggzgl P.p.m.

T zn Pb . _Cu
T 260-270 3650 - -
2 0~200 . 2260 - -
3 400~130 3800 - -
L 1374150 10050 150 50

The zinc mineral proved to be chaIcophanite (Mn, Zn)
O.2Mn0é.2H20) which is invariably associated with goethite and
manganiferous wad. No sulphide minéralization was detected. It
was condluded that stratifofm ziné minerélization as chalcophanite
without significant copper or lead, is present in the lower
Cambriap sediments along a strike len gth of 7 miles in the
eastern syncline in aséoéiation with ménganese in the basal part
of the Wilkawillina Limestone and the central part of the
Parachilna Formation. Mineralization was proven to extend down
dip with relatively higher grades:(up_to 2 ,5% Zn) at surface
resulting from surface enrichment of ﬁrimary grédés of between

0.2 - 1.0% Zn. Copper occurs in the Parachilna Formation
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separately from, and to the west of, the zinc mineralization; it
is less extensive are rarely exceeds 0.2% Cu. It was concluded
that though the lease had not been exhaustively tested "all the

evidence is against the occurfénce of mineable "grade zinc

mineralization".

Radford Creek'Area

Three exploratory shafts were sunk 10ft., to 20ft. in
depth, at the turn of the Century,-to expose coppef carbonates
in a formation 2 to 3ft. wide adjacght to a shear zone separating
- lower Cambrian 1imestones.frbm'sha1es of the Wonoka Formation
near Radford Creek. A sampie taken conteined 43% Cu (Brown,
1908 p.66) Several pits have also been sunk approximately one
mile to the south in a pod of manganese adjacent to a fault
zone. _
| Special Mining lLease 109, six squaré miles in'area,
within the limits of the former S.M.L. 9L was granted to Kennecot?
Explorations (Australia) Pty.Ltd. on 1.6.66 to undertake an |
extended programme of exploration which included rock chip and
soil sampling, geophysical surveys, trenching and drilling to
investigate further the lead - zinc - copper mineralisation
which was located in thié.locélity during the course of a stream
sediment geochemical programme (McNeil, 4966 (a), 1966 (c), 1967
(®)). | - |

The lower Cambrian sequence within S.M.L. 109 1hclud§s
200ft, of thinly bedded argillaceous sandstones and siltstones:
with massive dolomite and dolomitic shale of the Parachilna
Formation ahd these are overlain by the Wilkawillina Limestone
about 41400ft, in thickness (figure 41) These comprise a block
having a strike length of less than two miles and margined on
all but the western side by Upper Proterozoic sediments faulted
into juxtaposition. - The Parachilna Formation is 1afge1y obscured
'by scree derived from the underlying quartzites.

Stream sediment samples taken by McNeil (1966 (a))
showed contents of up to 1000 p.p.m. Pb,.700 P.p.m, Zn and

70 p.p.m., Cu, Follow-up soil and rock chip sampling disclosed
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{ .
high coincident anomalies with respect to those metals in

association with iron and manganese oxides within the Parachilna
Formation and at the base of the Wilkewillina Limestone traceable
| over a strike of almost one mile., Geophysical'suroeys yielded
‘inconclusive results; several small self-potential anomalies
were detected over 8 lines comprising 2.5 line miles: induced
polarizatiohﬁmeasurements.téken along 2 line 0.3 mile in lengfh
showed small anomalies not coincident with known mineralization.
Five trenches were cut using a bulldozer iﬁ the area of
greatest metal concentration where soil samples contained up
to 4,800 p.p.m. Pb, 24650p.p.m. Zn and 390 p.p.m. Cu and rock
chip samples showed up to 3,8%Pb, 1.15% Zn and 0.13% Cu (figures
12, 13 and 14). ﬁnalyses of samples cut from the floors of the

trenches are tabled below:

Tiench}‘§amp1ea - ‘P;p;m.

No. 1?g22¥§; Zn ¥ ou Go . ¥n
1 33 S0 135 70 102 78 10,000
2 88 1820 97 4O 140 104 10,000
3 14y 6210 - 800 90 220 130 10,000
L 120 3380 L4630 745 60 64 10,000
5

200 330 760 4140 16 15 55

. Two non-core rotary drill holes were sited to probe
the deposits at depth (figures 415 and 16). Hole 1, inclined 59O
- was drilled to a depth of 315ft. and interseetedlow grade miner~
alization that averaged 0.12% Pb, 0.11% Zn over_the‘interva1.1§5
to 315“feet.; surface grades up-dip from the drill intersectioﬁ
were approximately 1% Fb, 1% 2Zn. sHole-Z,-drilled vertical to -
525 ft. intersected, within the Parachilna Formation, ochreous
limestone with minor sandstoﬁe and shale containing up to 0.34%
Zn and 0.30% Pb over a stratigfaphic,width of about 20ft. downdip
from the main area of surface mineralization.

| The zinc mineral was determined by AMDEIL as chalco-
phanite while cerussite was detected in the drill cuttings.

The westerly extension of the mlneralized_lower
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Cambrianéstrata between the Radford Creek locality and Simmonston

are obscured by Quaternary outward gravels., The lease was

surrendered on 31 .8.67.

Kagxaka Ares

When inspected by fustin in 1863 (Brown, 1908, p.65)

several shafts had been sunk at the Kanyaka copper mine, the

deepest being 90ft. and connected by drives extending for about
240ft., on a well defined lode dipping at a low angle in
apparent conformity with the enclosing Parachilna Formation
sediments. Blue and gfeen copper carbonates occupéd e lode

2ft. to 24ft. in thickness within slates and sandstone which

'strike northwest-aoutheast. After a period of inactivity mining

was resumed about 1899 when 200 tons of 10% copper ore were
recovered from workings which now included shafts and pits
extending along strike a distance of over 1,000ft, and an open

cut 50ft. x 12ft. x 251t, deep, Subsequent recorded production

(Rev. of Min., Op. 3 (1905), 4(1905), 5(1906), 6(1907) and

23(1961) totalled 165 tons with grades ranging from 73% to 16%
Cu. | | _

The mine area is covered by 2ft. to 12ft. of quartzite
scree and all shafts except one at the western end have since
collapsed and filled. Several shallow pits have also'been sunk
on a copper prospect several miles to the north of the Kanyaka
mine, | | .

-In the Kanyaka syncline (figﬁre 17) the Parachilna

Formation varies. from 200ft. to LOOft, in thickness and consists

of thinly bedded whité clayéy sandstone, with worm burrows and
ihterbeddéd white siltstone and limestone in- the upper parts;

the formation is limited in outcrop; being mostly veneered by
quartzite scree gerived from the underlying Pound Quartzite.

The Wilkawillina Limestone, about 41600ft. in thickness, is a
massive blue-grey limestone containing occasional Archaeo-
cyathinae and cherf podsy it is sandy, oolitic and buff-coloured

near the base. The top of the unit is mottled and of dark colour
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and passes into the-PararaiLimestohe which ihcludeslflaggy grey
liﬁestones with grey'and 6live-green siltsfones. The uppermoét
Cambrian formation is the Oraparihna Shale_(Milnes end Preilss,
1967) . | | |

Within S.M.L. 94 stream sediment samples and rock

. chip samples taken from a number of traverses showed several

arees of anomalous base metal content, Isolatéd anomalous
coppef values occur but they:are not related to any known or
obvious ﬁineralization;\a stfeam sediment sample taken from
immédiately below,fhe Kanyéka mine contained only 52 p.p.m. Cu
(McNa11l, 1966a) suggesting that mineral dispersion trains are
short. A
In Special Mining'LeaseA110, granted on 1.6,66 over

an area of 15 square miles to Kenhecott Explorations (Australia)
Pty.Ltd.; efforts were directed towards assessing the Kanyaka
copper mine area ~ an area lacking manganese'in surface outerop
in éontrast to the Comsfock'and Radfofd Creek localities
(McNeil, 1966(4a), 1967(&:)). o

| Self—pofential geoph&sical treverses were-métered
(5 lines; 2 line hiles)'which showed several small anomaiies not
correlated with known mineralization while induced polarization'
of a single traverse 0.3 mile_ih length gave inconclusive
results,

From the mine dumpS'(figﬁre 18) 57 samples represent-

ing about 500 tons of mineralized rock rejected duping mining

operations, were taken for. analysis and contained an average
1.43% Bu, 0.076% Pb and 0.56% Zn. Five dump samples were

scanned spectrographically (contents.p.p.m; tabled below)

‘and it is no;eWorthy that in addition to copper, lead and zinc

there are significant concentrations of nickel, cobalt and the
rare eartha,'écandium,:lanthahon'and yttrium,

“



TABLE 4 |

Sample No, 16360 19370 16380 16390 16400
Cu 3000 40000 40000 40000 10000
Pb 1000 800 4500 1500 500
Zn 6000 10000 10000 500 500
co 60 2000 2000 15 80
Ni 150 1200 1200 25 250
sn 2 2 2 2 1
B4 3 3 3 3
ca 3 3 3
Ag 245 3.0 15.0 5.0 4.0
v 200. 200 200 200 15
B 1007 200 200 150 20
As 70 70 50 70 70
cr 200 200 250 200 120
Mo b b 2 1 1
Be 5 3 8 Lo
aa 20 15 8 30 3
Ge ¥ 1 7 y T
Mn 15 70 5 15 200
Li 250 200 400 200 50
RD 100, 80 80 100 30
P 800 600 4000 4000 4000
Ba 300 300 10O 500 250
Sr 500 150 150 150 120
se 80 300 5 80 30
La 500 - 700 400 100 4100
Y 500 800 400 600 500

Ta, Nb, Os, Rh, Ir, Te, TL, Sb, Au, W, P4, In,

Ce not detected;“

Cs, Zr,
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Five trenches, cut by a bulldozer to depths of 4ft. to
10ft, within the mine area (figures 18 and 19) to expose bedrock
.. under cover of quartéite}scree, revealed-traces of malachite\ |
and aiurite in gandsténés of the Parachilna Formation over a
width of almost 4180 ft. and along‘striké fdr a distance of at
least 1,000ft. Results of Sampling are tabled below (average
of samples cut from both walls and floor).

Pit No. Inboryal - average p.p.m. |
(feet) Cu Pb Zn Co N Ag Mn
1 29 113 163 42 7 1 0.5 -
2 52 11k 8% 56 5 - - -
3 35 ' 125 64 243 L8 @ - - -
L 100 - 4255 820 970 59 52 - 23
5 80 2768 800 337 21 3 - 154

The drilling of eleven non-core rotary holes
aggregating 3,112ft, (see figure 19 for locdtion, figures 20 and
24 for results) outlined a zone of low grade zine/copper
mineralization in this same area, "The holes were closely
spaced to allow correlations between hole sections and thus
prove whether or not the mineralizeé zone is conformable with
the sediments.......and there is no doubt that the mineralized
zone, as exposed on the surface and intersected in the boreholep,
has a stratiform nature":(McNeil,'1967(c)). Copper contents
ranged up-to 0.5% but generally there is only é trace of copper
(less then 4100p.,p.me.) Dolomitic limestones in the upper part-
of the Parachilna Formation contain up to.2.75% Zn over a
stratigraphic interval of about 10ft, Though the water table is
at a depth of 100ft. to 120ft, oxidation effects persist to a
depth in excess of 300ft. From the surface to about 100ft. no
zinc minerals were detected in the cores while copper occurs as
azurite and malachite; in the interval 100ft. to 200ft. zinc
occurs as chalcophanite while some sécondary copper sulphides
are préaenﬁ. Mineralogical examination by AMDEL of_samples

taken from Hole 4 disclosed thatiprihar& sulphides occur below
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a depth of 375ft. and sphalerite, galena and pyrite were recog-
nised in the interval 375ft. to 387ft. 6 iné.

In an attempt to establish continuity of mineraliza-
tion at the surface, seven trenches (T6 to T12)-wére cut having
a total effective length of 2,880ft., to a depth of up to 10ft.
within the Parachilna Formation for about four miles north
along strike from the Kanyaka Mine. Tabled below are results of
trench sampling; base metal contents are low throughout; mangen-

ese content exceeded 100p.p.ms only in T8.

ki

Sample

Trench No. Tnterval _ wBeBele _

(feet) Cu Pd Zn

7.6 150 20 - 20 20
7.7 300 20 20 20
7.8 90 140 80 250
T.9 110 125 L00 600
7.0 210 125 880 250

T 14 450 60 - g0 125
T2 10 100 - 120 1100
250 25 350 125

As it was vevident that the copper mineralization at
Kanyaka represents a small, localised deposit'" S.M.L.110 was
allowed to lapse on 31.10.67.

Reaphook Hill Zine¢ Prospect

Reconnéissance rock chip sampling by the Department -
of Mines near Reaphook Hill iz 1963 héd shown 350p.p.m. Cu
and over 1% 2n over an intervael of 65ft, within the Wilkawillina
Limestone and thdugh prospectors had previously gouged several
small shallow pits in outcrops of manganiferousllimonite inithe
locality the significance of thé'prospect remainéd undedermined
until Kenhecott Explorations (Australia) Pty.Ltd. acquired
S.M.L.95 over an area of 57 square mileé on'1.12.65 (McNeil,
1966(e), 1966:(f). On expiration of that lease two further
leases, S.M.L.137 (Emu Eore area of 9 square miles) and S.M.L.138

(Reaphook Hill area of 57 square miles), were granted on 1.12.66.
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Stream sediment sampling uhdertaken by that company

' and analysis of the minus 20 mesh fraction indicated that copper

contents were generally inwthe‘range ?O»to 25 p;

samples containing in excess of u5 b o m,, leqd conteﬁts were
generally less than 30 p.p.m. but samples taken from channels
draining tke lower Cambriaﬁ rocks were anomalous and in excess
of 100p.p.m.; coincident with.the lead anomalies, zinc values
from the basal Cambrian sediments ranged up to 1470 p.p.m.
(McNeil, 1966 (e). Two areas were thus outlined, Emu Bore area

where follow-up surface sampling and traversing discounted useful

“enrichment of zinc and the Reaphook Hill prospect where subsequent:

activity was concentrated (McNeil, 1968).

The stratigraphy and structure of the area depicted
in figure 22 ware detailed. by Loos, Milnes and Preiss (41967).
The Parachilna'Formation which ranges up to almost {OOft. in
thickness is here characterised by gritty, poorly sorted argille-
ceous sandstone and conglomerate lenses with well-rounded éuarté,
prebbles up to 1 inch in diameter dispersed in a matrix of weakly
consolidated sand and grit. The outecrop is poor and the formetion
is almost completely obscured by derived graveis. The basal beds
of the Wilkawillina Limestone comprise brown to buff coloured,

manganese-stained, sandy dolomites whlch are susaeeded by massive

'brown, buff or blue-grey dolomitic¢ limestone totalling 1400ft.

in thickness., The physiography of the area is dominated by
ridges of white Pound Quartzite: of whichiReaphook Hill is the
highest and rising to 1271 ft. above sea level., Over its outCrob
length the Cambrian limestones tend to show an accordance of
summit levels at about 300ft. above the surrocunding plains;
remnants of a now-dissected erosion surface,

The Cambrian and underlying strata are disposed

in broad scale open folds but repetition of the stratigraphic

~ units by faulting complicate the structure,

Zinc mineralization is associated with ferruginized
and manganiferous limestone as chalcophanite, scholzite (Ca, Zn2

(PO‘u)2 25%0), and manganese wad in massive to irregularly

/i
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banded goethitic and manganese-rich masses and as disseminations,
Chip sampling revealed substantial zinec content within the basal
600ft. of the Wilkawillina Limestone over an area approximately

LOOOFt. x 2000ft. in the area (see Figure 22), Chip samples
showed isolatéd zinc contents of up to 26% 7n while the best
traverses were 60ft, at 4.09% Zn and 80ft., at 3.56% Zn over two
different stratigraphic horizons. The zinc content is low in
the Parachilna Formation except for the scholzite occurrence
wherein white prismatic needles of this mineral comprise three
~.discrete masses directly ovérlying sandstones and loosely
consolidated gravels less than 60ft. strétigraphically above thg
top of the Pound Quartzite. These outcrops have a high iron and
. manganese content and contain 20% Zh and 30% PZOS'

Lead, copper and siiver are present in trace amounts;
cobalt and nickel ﬁre present in anomalous concentrations while
mdnganese content is high throughout the Wilkawillina Limestone,
Galena occurs in calcite veins within the underlying Wonoka i
Formation and accounts for the high lead and zine stream values

in the Ema Bore locality. Selected minor metals content of

selected samples are as under:

Cu Pb Ni ~ Co Ag
Goethitic and ' o _
zinciferous wad 4.9 10 26 uh8 1070 0.5 3745
Scholzite 20.7 35 83 39 125 1.5 1.8

Three lines of self—potentialisurvey over 1.1 line
miles and 0.8 line miles of induced polarization were metered
and the several small weak snomalies defined by these methoas.
were attributed to pyrolusite, _ |

Two non-core rotary holes (total 737ft.) and 5
diamond drill holes (aggregéte 2,05uft.) were drilled‘without
.disclosing sulphides or mineralization below the base of
oxidation; poor core rééoveries were achieved,

Drilling disclosed low grade zinc contents within the
basal 600ft. of the Wilkewillina Limestone (average 0.2% Zn)
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with a zone up to 20ft. in width near the centre of the
Parachilna Formation containing'from 0.3% to 2.6% Zn. The'
fault-bound block of 1imestone which ogntained the best surface
grades amd showing 2% to 5% Zn, proved to be a "crust" ranging
from 10 to 20ft,., in thickness and underlamn‘by-yellow—brown
clayse. >The zinc and manganese have apparently been concentrated
at the surface wifhin the basal units of the Cembrian strata by
weathering and erosional processes. »The scholzite occurrence
in the Parqohilné Formation results froﬁ the surface enrichment
of zinc and phosphorus derived from originally low grade
mineralization within the Parachilna Formation (McNeil, 1968),

Faulting appears .to have exerted some control on
mineralization and localization of the manganese which has an
affinity for zinec. |

Representative surface chip samples and cores from
D.D.4 were scanned spectnographicélly for a number of elements
which indicated that Zn, Ce, Ni, Cd and Mn have been enriched
within the topmost 5 to 30ft, of the limestone. In bore L
between 268 feet and 273 ft. the samples contained 500 PeDele! Y,y
500 p.p.m. La and 1000 p.p.m. Ces The down-dip projection.of
the scholzite zZone 5etween 273 ft., and 280 ft. contained 0.25%En
The locations of drill holes and results of drilling are depictc
in figures 22 and 23.

It was concluded that small tonnages of 2% to L%
secondary zinc mineraligzation occur qt or near the surface of a
faulted block of Wilkawillina Limestone with manganese in
wad or as chalcophanite but incapable of sustaining a mining

operation and the .leases were surrendered on 18.4. 68.

Third Plain Zinc Prospect and ajoining areas

Sme}l outerops of high grade zinec m&neralization
(willemite) were lecated during the course of a regiona} stream
sediment sempling programme by Kennecott Exploratibns (Australis’
Pty .Ltd. in the Third Piain Creek 1ocality and Special Mining

Lease 143 was secquired by that company on 1.1.67 over an area
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of 30 square miles to evaluate the prospect (Besley, 1967(a)).
' In this fegion, lower Cambriap sedimentation was

influenced bytestonic  astivity adjacent to, the Orgparinna
and WirrealpaiDiapirs which resulted in reduced thigkness or
absence of thé Pdrachilna and other Formations whilst immediately
to the south a much greater thickness of lower Cambrian éedimentg
accumulated in a graben in the Wilkawillina Gorge area as a
consequence of'contémﬁoraneous_subsidence related to development
of the Oraparinna Diapir. The easterly dipping strata have been
subsequently dislocated by a number of sub-parallel transverse
faults oriented northeast-~ southwest and wifh laterel displacemen’
generally less than 100ft.

Regional reconnaissance sampling of stream sediments
of the Cambrian tract along the eastern margin of the Flinders
Ranges disclosed anomalous zinc contents in excess of 4OO p.p.m,
 about onemi1e south of Balcoracana Creek whereas elsewhere in ;
this region these were generally in the range30 to 50 p.p.m.
Follow-up sampling discloséd a train of anomalous values in the
creeks drainingﬁorth from the Third Plain area and this led to
the discovery of willemite in outcrop at the base of the massive
grey to buff dolomitic limestone. The Parachilna Formation
comprises kaolinitic sandy‘shale lenticles only a few feet in

thickness or is locally absent.

-_ The several lenticular outcrops of willemite are up
to'uOft. wide and 150ft. in length and are separated and surround-
ed by’an area 1000ft. x LOOft, of reddened haematitic dolomite
containing from 0.1% to 1.0% Zn (See figure 24). The mineraliza-
tion and environment is analogous to that pertaining at Puttapd
Willemite containing up to 55% 2n is mainly in the form of white
- radiating spherulitic aggregates or colloform bands, massive or
as spherules in dolomite. Manganese oxides are intimately
associated, lead is a minor constituent but one example contaire @
3.5% Pb, while arsenic content is high and exceeds 1% in some
samples. _

Chip samples were taken along lines to define the

surface grades and extent of mineralization. Srectrographic
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analysis of selected samples are tabled below:

s e Bample NO, e
zn (%) 0.9 555 - 2.3  U41.5 0.2 16.0 52.5
Pb (%) 3.5 0.3 0.05 0.550.05 0.4 0.2

Mn (p.p.m:) 40,000 "250 40,000 5000 25 3000 50

As M 6000: 5000 120 10000 - 50 450 200
Co ™ 60 ¥ 12 10 1 TR
Ni v 80 ¥ 7. 100 1 2 1
cd \ 5 3 10 3 3 3 3
cr v .45 12 4 100 400 L4 k4
v oo 20 20 2. 50 42 - 10 3
Mo ™ 50 2 1 6 1 ¥ 1
Ga " : 5. . 4 Y 7 1 ¢ 4
Ge v - 5 150 4 200 4 3 70
Ba " 250 80 O 400 5 - 450 40
sn 5 1 50 150 4 20 1
B " 8 300 1 7 3 4 300
P . " . 40O 500 400 250 120 400 150
se v O N - 1

Besley (op.cit) hoted that "the rél&tionship between’
this supergene surface outerop of zine mineralization and the
“primary mineralization is obscure"'and concluded that, in this
arid environment, open circulation of silica-laden groundwaters
through fault zones and fractures would facilitate the enrich-
ment of zinc silicate possibly derived in turn from carbonate
(smithsonite) and pr;méry‘low grade sulphide (sphaierite).

':No.sub-surfaceAexploration was undertaken, hence a
reiiable assessment of reserves ié not currently available, The
lease éxpired on 30.9.67 and a mineral claim has subsequentiy -
been pegged. t

An area of 200 équaré miles was granted to Kennecott

Exploration'(Australia ) Pty. Ltd. on 1.9.66 as Special Mining
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Lease 124 to undertake a programme of stream sediment sampling
westerly from the Reaphook Hill locality and adjoining the Third
Plain area to.the south._ The Cambrlan strata are concealed |
along the northern and eestern flanks of the ridge which
culminates in Mount Mantell and comprises Pound Quartzite.

Lower Cambrian outcerops are restricted to the Wilkawillina

Gorge area. Some 500 stream sediment samples were taken
utilizing g a helicopter but no anomqlous base-metal contents
were disclosed (Clema 1966 (a), 1967 (2)) copper values were
generally in the range 10 to 20 p.pe.m., lead 10 to 20 p.p.m. and

" zinc 40 to 50 p.pe.m. and §.M.L. 125 was relinquished on 1.3.67.

Kennecott (Australia) Pty.Ltd. were granted S.M.L.123
over an area of 600 square miles on 4.9.66 in the Wirrealpa -
Mount Frome locallty‘which included the Wirrealpa léed mine
(Ridgway, 1949; Mansfield, 1953) and the Mt. Chambers lead amnd
copper mine. Stream sediment sampling was expedited by use of a
helicopter; some‘3000 samples were taken and the mihus 80- mesh
fraction was analysed for copper,_lead'and zinc. . Three anomalous
areas were outlined, designated Wirrealpa, Mt, Lyall and Mt.
Chambers, over which the regional stream sedimenﬁisempling re-
.vealed abhormal lead and‘zlnc contehtS'idlsrreams draining lower
Cambrian Wilkewillina Limestone (Besley, 1967(Db).

' " In the Wirrealpa - Mt. Lyall locality the Parachilna
" Formation and succeeding limestones  are disposed in open fold
structures which have beehidisrupted by normal faulting and
associated diapiric intrusion. Galena and barytes occur in
small veins at the Wirrealpa lead mine within the Wilkawillina
.Limestone-and these have been mined to a depth of 195 ft. from
several shafts and underground workings and at the surface for a
length of 280ft.; recorded productiop exceeds 1000 tohs of ore.
Numerous limonitic-mangenese oxide pods which are concentrated
near the base of the carbonate sequence proved to havellow
-base—metal contents. The highest values recorded in sediments
from streams draining the Wllkawillinq Limestone ranged up to

300 p.pe.m. zinc and 160 p.p.m. lead.leollow-up rock chip sampling
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failed to reveal any significant mineralization.

“In the Mount Chambers area shqllow workings expose
malachite-stained 311tstones and: minor blebs of galena in
limestone have been recorded., Chip sampllng was undertaken
to define a stratigraphic thickness of almost 3,000ft. where
regional strecam sediment sampling had revealed abnormal lead
and zinc concentrations (Besley, 1967 (b)x The highest metal
contents proved to be 200 p.p.m. Pb and 1,006 P.P.M. Zn over
a length of 100ft. A nuﬁber of small manganese~iron oxide cap-
pings scattered throughout this area also have low base-metal
contents with one ieolated hign of 200 p;p.m. Pb and 2,500 p.p.m.
Zn being located.’

As it was considered that there was little likeli-
hood of the occurrence of economic deposits of lead, zinc or

copper in the region, the lease was relinquished on 31 .5.67

Moro frea

Copper was discovered 9 miles west-southwest of

‘Wertaloona H.S., in the Moro 1ocality, in 1857. DNumerous

shallow pits comprising the Moro (Moorod, Moerowie, Balcanoona
mines and the Moro Central prospect were worked during the
period 4864 to 1865 with desultory mining activity to 1908 for
recbvery»ef copper carbonates but recorded production amounts

to. only 25 tons. The richest patches or ore were mined princi-

" pally from deposits within the Parachilna Formation, where

‘stratigraphic control on mineralization is evident (figure 25)

and hand picked to about 20% grade as was then the practice.
Malachite staining is prominent in the Pound Quartzite and

in fault breccia adjacent to the boundary fault near the Moro

ruins and one mile to the west and southwest where copper
mineraligation is localized at the crest of a north pitching
anticline and around the flanks of this structure within the
Parachilna Formation. The core of the anticline is occupied
by massive dolomitic limestones, sandy limestones and dolomitic

shales of the Wonoka Formation (Leegson, 1967). The overlying
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Pound Quartzite comprises-massive white sandstone (over 1 ,000ft,
in thickness) which forms high hills flanked by valleys marking
Pérachilna Formation outcrop. The_Parachilna Formation which
outcerops poorly consisté of ébdﬁt 10bff. of buff %gmwﬁité
thinly-bedded silty sandstones with dolomite lenses. Contacts
with the succeeding chocolate to buff coloured massive l
Wiikawillina Limestone are generally obscured by masses of
manganiferous ironstone and scree, particularly along the
eastern limb of the anticline. The Cambrian limestone outerops
in low plafeaux. The structure is dislécafed by numerous cross-
faults élong that 1limb ana by sgveral near-strike'faultéAwith
which manganiferous ironstone 'gossans" ére associated.

During the tenure of Spécial Mining Iease No.54 over
an area of 2% square miles by C.R.A. EBxploration Pty.Ltd. in
1963 chip sampling undertaken by MacKenzie and Macﬂamara (1963)
near the Balcanoona Mihe outlined an area of low grade copper
mineralization}k the principal mineral being malachite with some
azurite and minor chalcocite. Extensive copper staining and
veining in joints, fractures and narrow breccia =~ones within
the Pound Quartzite showed up to 2.25% Cu in several chip
sampled traverses over lengths of up to 45ft. The minepalization
which spans a stratigraphic interval of about 600ft. within the
uppermost units of the formation is sporadically developed over
an area measuring 2,uooft. in length by LOOft. average width.
Patches of better grade ore, having an aggregate surface area
of only_12,000‘sq. ft. and averaging 0.54% Cu, are separated by
large areas of near-barren qﬁartzite. Thin mélachite stainings
often with limonite and manganese oxides occur on the undersides
of crags but seldom on the upper éxposed surfaces, The outer =
detectable limits of this mineralization is indicated in figure2s

It was considered that copper was &rived from the overlying
beds of the Parachilna Formation and accumulated in closely
Jointed and broken quartzite at ﬁhe anticlinal crest under the
control of a pre—existingfggﬁie whereas the tighter formations

on the limbs were not mineralized. As the indicated tonnage of
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890 tons per vgrtical foot of 0.54% Cu "ore" was too small to
subport a mining operation the lease was abandoned in December,
1963. | |

“An area of four square miles in this same locality
was granted on 41.8.65 to F.R. Hawkins (Copper)Pty.’Ltd; as
S.M.L. 89 but aftér drilling four.Shalldw percussion drill holes
with discouraging.reSuité this lease and a surrounding area of
110 square miles (S.M.L. 91) were acquired on 1.9.65 by Kennecott
Explorations (Australia) Pty.Ltd. to further explore the
occurrence of base-metallmineralization of an apparent stratiform
nature (Brooks, 1966(a); Clema, 1966(b); Lennon, (1966). On
expir& of those areas two furthérnleases'were granted to the
.same company on 1.9.66, both 45 sguare miles in area; S.M.L.
127 encbmpassing’the Balcanoona Mine LocalityA(Brooké, 1966¢1) 3
Lenngp;‘1967 (a), 1967‘(b»‘ahd'S.M;L. f28 (Ironstone BOré area)
immééiateiy adjoining to the south (Clema, 1966(c), 1957 (b),
Brooks, 1967). Kennecoéf Expiorations (Australia) Pty. Ltd.
Carﬁied out a programme of stream Sediment, rock chip and pit
dump sampling, géological survey and diamond drilling, the results
of which, until surrender of“S.M,L.‘128 on 9.5.67 and of S.M.L.127
’on‘31.1o,67, are detailed below.
| Stream sédiment sampling (500 samples) rock chip sampl-
'1ng-({20 samples) and testing of old pit dumps in the'vicinity
of thée Moro éentral prospect showed copper contents ranging
up to several per cent, several tenths of one percent zinc, tran;
lead and cobalt in lower Cambrian strata and resulted in the ;
discOVery'of Cinnabaf (containing up to 5% Hg), associated with
malachite, in .a plt located 100 yards northerly from Moro ruins
adjacent to the major fault bounding the Iake Frome plains.

| The Moro Central prospect is located within the

.Parachilna‘Formatioh wheréin sedimentary control to copper
mineraliéation is apparent over a'stratigraphic_width of up to
50ft. about the nose and both flanks of the anticline inter-
mittently over a strike length of at least 2% miles. Sampling has

shown that the overlying limestones are anomalously rich in lead
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and zihg,and, to a lesser extent, éopper, varticularly in
gossanéus areas and adjafent to faults while sampling undertaken
by MacKenzie and MacNaméra<(Op.cit.)50utlined,1imits 6f copper
mineralization in the vicinity of the Balcanoona Mine within the
Pound Quartzite. Minerdlization within’thé Parachilna Formation
comprises‘irregUIar'patches, veinlets andimpregnations along
Jjoints of malaphite, azurtte and minor chalcocitk; samples taken
from the dumps:of the numerous shalig% pits contained up to 4%Cu.
The less-broken siltstones aﬁd the dolomitic sequences within thes
formation contain only a few hundred parts per million copper at
most while along the outcrop of the Parachilna Formation, in the
complementary limb of the syncline to the northeast, there is |
no visible copper mineralization. An adit was chip‘sampled at
10ft, intervals over its length of 120ft,: from the portal to
70ft, the weathered fock averaged 0.76%i0u, 135p{p.m. Pb,
926p.p.m. Zn and 290 p.p.m. Co while less weathered rock from
70ft. to 120ft, contained 320 p.p.m. Cu, 40 p.p.ms Pb, 88 p.p.m.
~ %n, and 22 p.p.m. CO
‘ ~ Manganese ores are associated with, and form part of a
secondary manganiferous ironstone  formation which caps a minerali-
zed zone =2long the faulted contact between Pound Quartzite and
Wilkawillina Limestone on the eastern limb of the anticline,
The gossan-type manganiferous ironstones are secondary deposits
reSulting from concentration and replacemenﬁ of the underlying
belts similar in nature and form, and in & similar structural
environment, as occur elsewhere in.the Flinders Ranges at the
same stratigraphic level vix. at Mt. Arden (Comstock), Radford
Creek, Reaphook Hill, Bunyeroo, Parachilna,’Ediacara, Eregunda,
Bungoola, Narina, Copper King etc. They are concentrated'on areas
of the Wilkawillina Limestone penetrated by faults and to some
adjacent parts of the Parachilna_Formation=gnd the Pqund Quartzite
- which have been affected by faulting. The surface cappings are
locally up to 8ft. in thickness and comprise massive colloform,
banded or® brecciated ironstone (limonite ard haematite) with

earthy goethite and manganese oxide (psilomelane and wad .
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~The manganese content ‘shows a considerable range from 0.2% to

Lih 5% with iron content in theése extremesAbeing 51 .5% and 4.9%
respectively (Fairburn, 1967).\ The underlying limestones have
proved to be favourable host rocks for cavity and Jjoint filling
and for replacement deposits; relict bands of unreplaced massive
limestone are discernible within some manganiferous ironstone
masses., Malachite, azurite and coblat wad are sométimes
associated with the gossanous rock; anélyses of several grad

samples are tabled below

Sample No. Mn(%) cu (%) Cco(%)
1 . 23.4 3.2 . 0.11
2 20.4 ' 0.03 0.12
3 2144 6.3 | 0.98
Y L/ TRY TR 0.27 0.29
5 7.8 6,5 0.50

Geophysics was undertaken, including self-potential

profiles over twelvelines aggregating 16,750ft. and induced

"~ polarization across the basal Cambfian section in the area of

visible mineraligzation; several smali; rather i11l-defined anomalie:
were defined. _ |
Diaméﬁd drilling ~was undertaken (see figures 25 and
26) to test for presence of stratiform base-metal deposits as
follows:
eveesB1 to test for continuity of grade and possible secondary
copper enrichment in the zone of copper carbonate occurr--
ence within the Pound Qﬁartzite. Drilling to L7,
pehetrated'purple sandstone under white quartzite with
sporadic grains of pyrite. Almost full core recovery
was achieved but no copper minerzls were detected.
eee+B2 where the target zone comprised the down-dip extension of
the lower part of the Wilkawillina ILimestone, which
commonly contains 0.§f to 0.4% zinc and 0.4% lead at the

surface, and the Parachilna Formation just west of the
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zone where pit dﬁhp samples contain up to 2% Cu and
10Oppm Yttrium. A_.fThe nole, 529ft. in length penetrated
Pound Quartzite.ahd disc1osed minor pyrite. The core was
weathered.thfoﬁghout; poor core reéovery was achieved in
the zone of intérest.
pee0..B3 designed to intersect the same zone as in B2 wéll below
- the zéne of weathering, was drilled to 1%21feet. Core
recovery was poor and. sludge samples from the Parachilna
Formation showed copper contents genérally in the range
12 to 25pe.pem., lead 4O to 150p.n.m. and zinc 30 to 50p.p.m.
eeseeBl drilled to 500ft. in Pound Quartzite in the western limb
of the anticline revealed only traces of pyrite oh bedding
planes and jbints without disclosing base metal minerali-
zation,
eveeesBH tO ide@tify the source of an I.P, anomaly below mangani-
ferous ironstone cappings with anomalous copper on the
eastern limb of the anttcline in‘an area of faulting. The
hole was abandoned due to éaving.at 50Lft.. éfter rene-
tratin‘g dolomite (O - 250ft.), gg/c\:thitic siltstones (250-
31uft,) and brown clays with goeﬂuie. and manganese oxides
(314 to 504ft.) Over the interval 308ft. 6 ins. to 383ft.
average copper content was 0.13% in what core was recovered
and befween 4u5ft,6 iné, and 50uft. average copper content
was 0,28%. At 472 to 504ft. zinc content was 710p.p.m.
whileplead was 140p.p.m.
eesesB6 drilled vertical to 531ft. 6 ins.’to further test the
same zone as B5,penctrated Pound Quartzite after intersect-
ing goethitic 'silts and clays of weathersd Parachilna
"Formation between 190ft. and 483ft. and proved 32ft.rof
0.50% Cu, 50 to 80p.p.m. lead and 300 to 600p.p.m. zinc
' in thé core recovered in the interval L16ft. to Lu8ft.
Reecovery of core was extremély poor, QOccasional flecks~of‘
malachite were detected-in the Pound Quartzite betweén
5227t. and 527ft. "
Further chip sampling was undertzken on the western

limb of the anﬁiqline where the Parachilna Formation showed 4500
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p.é.ﬁ. zinc over a width of 30ft. but failure of the drilling to

disclose other than minor concentrations of base-metals in

SMI127 and the lack of anomalies in SKL128 led Kennecott
Explorations (Australia) P;y.Ltd., to surrender these léases.
Thermercury mineralization of the Moro area suggests
"1ﬁ£roduction or mokilization of mineralization along some of
the major faults of the area" but its economic sigﬁificance

has not been determined.
LAKE TORRENS AREA

Aﬁ area of 14,540 square miles>embracing the western
flanks of the Fiinders Ranges, the Lake Torrens sunkland and
adjoiﬁing Stuart Shelf was granted to Mines Exploration Pty.Ltd.,
(M.E.P.L.) on 15.6.66 as S.M.L. 115 for a period of thfee months
to delineate, if possible, mineralized 1ower.Cambrian Limestones
in outcrop or under shallow cover, preferably where these are
flat lying.

Tc the east of the iake theWilkawillina Limestone is
exposed adjacent to Mount Scott Range, in the foothills of
the Flinders Ranges between Nilpena and Edeowie Gorge and the
Cotakena Syncline (Palgarno 1966). The equivalent 2ndamooka
Limestone is exposed at the northern extremity of Lake Torrens
and as a thin flat-lying venéer on the Stuart Shelf (Cohns 1966,
1968). In the Sunklands, Quaternary and Tertiary sédimentary
cover pracludes direct exploration in Cambrian rocks but, in the
Wilkatana aréa, oil explofation dgilling has revecaled a completely
covered basin of Cambrian carbonate rocks. N

A broad regional reconnaissance geochemical.programme
was undertaken by M.E.P.L. initially by streem sediment sampling

with A.A.S. determination of copper, lead and zinc of the

‘minus 80-mesh fraction after leaching by hot 25% nitric acid

follqwed up- by rock chip samplihg to assist in evaluation of those

results fo check basec metal contents of .exposcd basal Cambrian

‘carbonate rocks and ditinctive, iron staine&iofhgossanous rocks

(Roberts 1966) . | o v

i
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Reck chip sampling of a distinctive iron-stained basal
Cambrian dolomite bed 20ft. in width in Parachilna Gorge revealed
contents of 31Cppr, copper, £500 ppm lead and 19500 ppm zinc,
over its full width. However, stream sediment results were
conzidered to be more meaningful, particularly with regard to
lead and uéing a high threshhold value of 100ppm for lead there
proved to be a zone extending along the front of the Flinders
Ranaes between Brachina Gorge and Parachilna Gorgé and beyond
over a strike length of more than 15 milez with anomalous. values.

To the west of Lake Torrens stream sediment sampling
proved unsatisfactory becauseAdrainage channels are broad, ill-
defined aﬁd contain considereble wind blown sand. RocCk chip
samplineg ravealed an area of interest northeast of ~Andamooka
Opalfield on the shore of Lave Torrens where a distinétiVe leached
and iron stained lirestone hed showed 630ppm copper, 115ppm
lead and 27Cppm zinc. |

Core from Santos Wilkatana Ho.l bore was analysed to
provide data as to backgrdund metal values in apparently un-
mineralized rocks from the same stratigraphic horizon. In
addition to traces of chalcopyrite the presance of galena just
above the base of the Cambrian at this site, surports the view
that base metal mincralization occurs in areas not formerly sus-
pected. Tabled bealow are results obtained. in the Cambrian

carbonate rocks of Wilkatana MNo.} bore.

pP.p.Mm, i

Interval () Cu Ph Zn Remarks '
463-486 10 35 194
-504 10 25 177
~549 - 10 35 . 162
723-728 " 10 35 370
-733 10 25 570
-73¢ 10 15 340
~743 w0 25 260
-748 10 25 193
-753 15 35 340
-758 10 15 193
-763 20 . 25 200

-7682 10 ) 15 114
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Interval ) Cu Ph Zn : Remarks
-774 | 10 15 1050
-200 85 %0 290
-870 95 60 445
-840 205 60 131
-860 40 s0 . 97
-880 15 25 148
-500 400 35 77
-920 . 50 50 315
-940 go . 50 200
-960 70 35 270
-9€0 15 - 25 148
-980 15 25 148
-1000 40 35 155.
-1059 510 60 325
-1020 1200 60 2400
-1060 150 50 . 200
=1080 480 50 129
-1100 . ' 370 | 35 50
~1120 125 35 . 8%
-1140 15 25 120
-1160 620 35 81 Traces of chalcopyrite
-1180 25 35 177
-1200 35 . 35 03
-1220 20 35 77
~1240 . - 28 50 185
-1260 - 35 . 50 114
~1280 S .15 35 50
-1300 10 ¢ 25 24
-1320 65 700 - 58 Traces of galena
-1337 25 50 107 |

Cores from Wilkatana bores Nos. 2 and 3 showed low
and constant copper and lead values with zinc variable and
generally in the range 150 to 300 p.p.m. In the available‘
core from boré 4 a sample taken from 236ft. 6ins. cOntained
5206 ppm cOpper, 2000 ppm lead and 1480 ppmriinc.,

The results obtained thus far were so encouragingAthaf

further lecases were sought over the areas of interest, the prime

-« target being occurrence of lead,

T
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ROXRY DOWMS AREA

In the Roxbhy Downs area S.M.L. 129 was granﬁed over
an area of_950 squarec miles‘on 14.9.66 and waé subsegiently
surrenderad on 14.8,67 after follow-up rock chip sampiipg
(total 275 samples) revelaed no outstanding metal values though
limestones contzined ur to &Oppm.lecad in the vicinity of Purple

Downs H.S. (RPoberts 19678).
ANDAMOOEA ARTA

An area of 800 square miles was granted to M.E.P.L. as
 8.M.L. 130 in the Andarooka locality on 14.9.66. At the
expiration of £.M.L. 130 on 14.11.67 another lease, S.M.L. 130A
of 171 square miles, was applied.for and obtained within the
original area. _

r2nalysis of some SOO-predominahtly rock chip samples,
taken throughout the area of s.M.L. 115, established thgt
a digstinctive leached, manganesc and iron stained baséim ' -

_ " " Opalfield
Andamooka Limestone bed}occu;ring north-east of Andamocka /and
on the edae of Lake Torrens gave geochemical assays up to 1700ppm
copper, up to 410 ppm lead and up to 650 ppm zinc while backgrouédh_
values hLad been established in the range 5 to 25ppm copper,
10 - 35 ppm leadfand 10 to 80 ppm zinc (Robcrts 1967 (a), (b),
(c) ). Two éamples taken fror the western shore of Lake
2rthur contained 430 ppm and 180 ppm lead respectively. 2
total of 281 rock chip sémyles were collected witbin the area ;
of S.M.L. 130 to define the principal arca of interest,

To checlk the possibility that.the aacmalous geochemica}
results north-east of Zndemooka were indicative of sulphide :
mineraliéation below the level of oxidation induced pclarisation
surveys (3=.8 line miles) were undertaken, including follow-up
work (Roberts, 1967 (e), 1368 (2) (d) ). Shorter clectfode
spread follow-up surveyvs revealed zones of possibly anomalous
I.P. a2ffects which vere tested by diamond drilling (Roberts,

1968 (e), (g} (i) ) - see Figure 27:
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--- LTA1 (total.depth 303ft.) penetratedkpartiy leached (with
coaﬁiﬁgs of iron and manganese oxides in vughs) massive
off-white to grey-blue Andamocka Limestone to 112ft. 6ins.
Sandy secéions and intraformational conglomerates were
reported. Fine pyrite mineralization was intersected from -
49ft. tolllft. Sins. as aggregates and single crystéls in
vughs, on ffactures and in dark chloritic aggregates.
Purple, green and grey Yarioo.ShaleAwas renetrated at 112ft.
6ins. to 303ft,

- LTA2.(194ft.) in Andémooka Limestone to 121ft. disclosed
numerous vuchs lined wiﬁh_iron and manganese oxidaes to
54ft. and fine pyrite in chloritic adgregates and in
fractures hetween 58ft. and 98ft. Yarloo Shale was inter-
sected from 121ft. £o 194ft. when drilling was. terminated.

--- LTA3 (145ft.) disélosed Andamooka Limestone to 1é4ft. w;th
pyrite between 58ft. and 98ft. in fraCturés, as fracture
coatings, in dark irreqular inclusions and vughs. A trans-
ition zone' comprising siits; shale, limestone and calcaren-
ite 1 foot in thickness separated the carbonate sequence
from Yarloo Shale below.

No base metal mineralization was revealed and finely
disseminated pyrite in the Andamocka Limestone proved to be the
source of the geophvsical I.P. anomaly being tested. The lease

expired on 14.1,1069.
PARACEILMA AREA

Special Mining Lease 131, granted to M.E.P.L. on

14,9,66, comprised two separaté arcass; the-Paxachilna = Mernmerna

area of 672 sguarc miles vhere definite ancmalies for lead, zinc

and copper had previously been established and the Wilkafana'

area of 73 square miles. The latter area was surxendered

on 14.11.67 without further investigation whereas the area

embraced by S.M.L. 131 was expanded to covér an area of 984 square
miles on 15.11.67 as S.M.L. 1312 and it was in this tract that

effort was directed until surrender on «.ceeicess
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The extent of.the lower Cambrian carbonate rocks in
this regién are depicted onlﬁhe'Parachilna geolégiéal map
(palgarno and Johnson, 1566); seé‘Figure 28. Sampling of
reqular treverses (Johns 1267, Olliver and Cramsie, 1967 (a)

(b) ) and diamond drilling (Crémsie, 1967) has demonstrated

that the loWerlpart of\the;carbonate»sequenCe is dolomitic and
includes beds of relativaiy pufe dolomite while the upper part
comprises high grade limestoné. The occurrence of coarse grained
galena on the flank of the ranges five miles north of Brachina |
Gorge on which limited carlier mining activity has been.conducted:
marked the only known base-metal mineralization in this zone unti?
. investigations by M;E.?.L. disclosed widespread anomaloqs lead {
occurrence in stream sediments between Brachina Gorge and Para-
chilna Gorge and béyond. Regional geochemical surveys tverc used :
as the initial exploration mathod; subsequéntly detailed geo-
chemical surveys, geclogical mapping, geophysical surveys and
diamond drilling were unCertaken.

Over a(léngth of 20 miles exteﬁding from 8 miles north
of Parachilna Gorge to Edeowie CGorge stream sediment samples
faken from the majority cof creeks draining the lovwer Cambrian
carbonate rocks have disclosad anomalous lead contents, and with
- insignificant copper (See Figure 28). Over 3300 stream scediment
samples were taken to reveal VGry strong, persistent, aromalous
diSpersion'tfains with lead contents as high as 1480 ppm. in
stream silt (Roberts 1967, (a) (b), (c), (£) ). To the north
of Parachilna. Gorge lead and zinc contents of gully sediments
were lower than those between.Parachilna Gorge and Edeowie Gorge.
In detail, stream sediment gecchemistry has varicusly revealed
zones of anomalous lead-zinc dispersion trains, areas of
anomalous leéd dispersion trains and arcas of anomalous zinc
dispersion. trains.

| Minor copper carbonate mineralizafion has been discov-
ered, generally in association w;th galena-bearing berizons,
about 6 miles north of Brachina Gorge.
' One of the more interesting zoneé where there are

consistently anomalous lead and zinc contents is centred in
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geophysical line i-(approximately 6 miles ncrt+h of Brachina
Corge and termed the "Galega Creek erea®); this zone extends
for a distance of almost five miles along strike in a drag
folded sector disrupted by minor faulting. The most extensive
outcrcping of galena has been discovered in this area and rock
analyses indicate sicnificant contents of zinc probably occurring
as zinc silicate (Roberts, 1968 (b) ). Concentrations of lead
ané zinc are also aprarent agjacent to the fault at Brachina
éorge. |

In grid "A" area adjacent to a major fault south of
Brachina Corge there is a zone of anomalous zinc values with
minor lead, in turn fcllowed southerly by a zone of increasing
lead walues which is markedly concentréted irn the Bunyeroo
-Gorge area and cxtending for some 2 miles north and 3 miles
south ¢of Bunyeroo Corge. Minor galena mineralization has been
located in outcror in the gerge within the lower Cambrian
carbonate rocks. Southwards to Fdeowle Gorge the stream

sediments show high zinc contents.

Some aﬁomalous lead and zinc values were indicated in
the Cotabena Syncline areé, varticularly in the southecastern
secﬁor where a gossan-like horizon in the basal Cambrian has
been located. Of some 260 samples taken in the Cotabena area
the highest base metal contents recorded were 700ppm lecad and
2700 ppm zinc. _

The geoéhemical investiga#ions and follow-up mapping
led to the discovery of lead sulphide mineralization of two
broad fypes (Roberts 1968 (), () (£f), (h) ):-

(1) Generally conformahle gaiena occurrences form two
distinctive horizéns generally varying from 5 to 1Oft.
but up to 70ft., in width and tracegble in outcrop up
to 1,000ft. along strike at various locations in the
same general stratigraphic position, particularly with-
in the lower, blue, dolomitic member of the lower

Cambrian Wilkawillina Limestcone and extending dis-
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continuously from two miles south of Bunyerco Gorge
to 7 miles north of Brachina Corge.

' Galena occurs as disseminations, as isolated small
cubes and in fine fracture fillings,'films and vein-
lets commonly less than % inch in widths zing is
considered to be present as zinc silicate. Several
bulked composite samples taken from outcrcp 6 miles

north of Brachina Gorge assayed as follows:

Lead (%) zinc (%) Silver (ozs/ton)
Sample 1. 5.4 1.4 0.20
Sample 2 5.8 8.0 "1.20

Also at fhis general stratigraphic level more
extensive ircn and manganese=-stained and, in part,
gossan~like developments have anomalous lead and zinc
contents.

(2) Less extensive galena mineralization in. the uﬁpéf
limestone member in assoclation with breccia zones..
and with calecite veining. 2An attempt has been formerly
made to mine lead ore in this envircnment five miles
north of Brachina Gorge,‘near the flanks of the range.
Galena cccurs sporadically as fine to medium=-grained
dissemninations and veinlets and in éccasional masses
up tc 12" x 8" x 4".

-Widely spaced orientation lines wore surveyed, designed
to check the nature of I.,p. response over mapped galcecna-bearing
uhorizons, to check this horizon where sulphide ﬁineraltzation had
nct been sighted and to estabiish whaother it was possible to b
renctrate the Quaternary and Tertiary cover at.lease immediately

" west of the rances wheré the Lower Cambrien carkonate rocks

dip bencath the plain. All lines exhibited a sharp dfop in
_apparent resistivities west of the ranges indicating that

the younger cover was not being penetrated on the relatively
short electrode spread lengths used (200ft.) On line 1 possibly
anomalous effects were disclosed in the viciﬁity of the lowest
galena-bearine hcrizons with definite anomalies over the upper

wider galera-bhearing horizons to the west. On line 2 possibly
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anomalous effacts were reccrded over the stratigraphy of interest.
Like results were achieved in the vicinitv cf known narrow galena-
bearing beds on line 4. |

| Manganese~rich géésaﬁ-iiﬁé'dé§elééments were located in
a number of arcas during the survey; savaral of the largest and
most accessible of which (north of Parachilna Gorge and north

of Bunyercc Gorge) have heen formerly'tested.by shallow pits

- and cbviously small production derived. -Some 642 soil and

- rock samples were taken from the various cossans which showed
high lead and, particularly; zinc contents. It was recognised
that manganése-and-iron-rich "gossans” are not uncommon in
limestones - the alkali pH conditions associated with outcropping
limestone could causc predipitatiog of manganese and iron from
percolating yroundwaters and form gossanous cappings not directly
related to deeper metallic mineralizatiorn and scavenge anomalous
amounts of base mefals from scluticns which might originate from
know lead and zinc-becaring lower Cambrien carbonate rocks.

T™we such zones were located north.of Parachilna Gorge (grid "B").
The westernmost outcreops intermittently over a strike length of
about three miles as pod-like manganese-rich qossan develepments
of variable lengthAand width on the flank of the ranges on lime-
stone stratigraphically higher than the lead~zinc-bearing dolomites.
Limited prospecting for manganesé was, carried out in this zone
some 30 years ago. Pockchip samples did not reveal any high lead
values and only two samples contained mcre than 1000 ppm zinc.
Sitvated immediately to the north and east is a rather different
distinctive iron-and manganesé-stained; partly gossanous herizon,
at the hase of the Cambrian carbonate sequence, close to or at
the same stratiorarhic horizon as that which contains lead-zinc
mineralization further to the souﬁh. Rock chip analyses revealed
up to 520 prm cogpér,'lloo pom lead and 8700 pom zinc. Soil
geochemistry was undertaken at 50f£. intaervals on grid "B" and
13.0 line miles of Geophysical I.P. survev were undertaken to
indicate possible I.P, effects on a number cf lines. MNo magnetic
anomalies were detected in ground magnetometer survey of the

gridded arca.,
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Samnles takun from qos nous nods up to ?OOft. X 100ft.

I‘

which cccur on 1imostone cne mile south of narachilna Gcrge (grid

"P") ccntaincd up to 760 ppm cop por, 1200 ropm lcad and 560 ppm

O T LT S To T T T N R S

A qmall coscan-like nasu locatnd 4000Ft. Hérth of
qeonhyﬂical lino 1 in the lower Cambrian chrbonate member pfovcd
th have thn Fnllow1nc motﬂl contcnts - 30 prm cooper, 1300 ppm
lbad and “00 pom zinc. |

A narrow but porsiutcnt gossan-like horizon at least
5000ft. in length, located in the Runyeroo Gorge area and
situated at the base of the lower Cambrian carbonate sequence
shﬂ"ed the fcllowinc contents or ana1y915°- 190 ppm CO““er,
2100 ppm lcad and eﬁoo 5 zZinc,. An nanqaneuc-qtainod bod,
3ft. in width near.thé base of tho.séquehce and located 3000ft.
north of Bunyeroo Gorae contained 1275 Dpem lead and 750 ppm-
zinc-whileEan.irsn-stained:band,-Gft;zwide,nat;the;base and .,
located .1000£t, south of Bdh&erba"géraefsﬁowed-2aso:unm. lead,
anc ‘1850 prm zinc. In the extreme southwest of tho area at
gridarea.“C“fa_héavilyu1ron-stained;and,gritty Cambrign;bed showed
on analysis 3950 ppm lead and,loéoupéﬁ'ziné}~én I.P. survey in
this area provgd abgrtive.A s.h-.-(a ;Aﬁ:"h«- - ._.1§:~

In qgrid ““flar aa detalled qbochomical and qnoohysical
work was undertaken alonq a:major fault .zone separating: Pound.
Quartzite and Wilkawillina Limestcne on’ an extensive gOssan
development élmost-éooofti,l¢ngﬁaﬁdﬁupg;eﬁlooft.Awide,p;Qcated
two-mil@s~north,ofyBunyeroo,Gorgepwhgye{bulk;samples:@akenAfrom
six- aroups- of old shalloﬁmworkings.had‘zinc‘contentsaoan;most
1% (see table below)s='. . . . - oo oeo o bosan

R R YR L LA

Sample Mo, .. ._%Zinc.:.. - -3 lead: .- ozs. silver/ton .-

. N 10,731_¢ ,dﬂva,ggﬁ:r” . .0 20“ .
2, . ;_u»0.95h . - 0.15 A“_}J L 0 25
g¥ T oy e R R oMo 7 A A "O‘.'ZS‘ LIS SR
g4 5 ! t qusj,., e 0,07 o O°38 .-,;2_4,;;";;'::'.
6 - 0.80 0.05 0.25

Thouqh survey ‘with: maqnetonctcr aisclosed hio"

ey e e, L - R YR Dy e R we e atde oL T et
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magnetic response definite IiP, anomalies vere in@iqated in
the gossan zone. To determine whether thebgossan was related
to deeper metallic mineralizaticn diamond drilling was undertaken
as below (see Tigure 29):
-—- LT1, depressed 55°E, abandoned at 444ft. |
0-370ft. Pound Quartzite, partially weathered and
fractured.
-444 o core.
- LT2, depressed GOOW, abandoned at 395ft.
0-395ft, Wilkawillina Limestone, fractured, iron-and
manganése-stained colitic limestcne with narrow
man¢ganese-rich bands.

Selected sccticns assayed as follows:

Ft. 8 Zn- Ozs. Ag/ton
100-127 0.60 0.40
127-140 0.60 0.60
140-142 _ 0.60 0.40

-~= LT?, Adepressecd 60° bearing 3lOO, designed to complete the
test planned for LT2.
0-583ft. Wilkawi;lina Limestone, manganese=-and iron-
gtained fractured and brecciated limestone with short
sections of massive mangancse and'iron oxides.

Selected secticns assayed as follcws:

Ft. ) $ Zn
493 - 497'6" 1.05
503°10"~510'6" 1.32

-601ft, VPound»Quartzite.

--- LT4, dopressed SOO, bearing 3100,
0=355ft. Wilkawillina Limestone, manganese-and iron-
étained fractured and brcecciated limestone with short
sections of massive manganese and iron oxies.

=-324ft. Pound OQuartzite.

It was considered (Foberts 1968 (h) ) that this is a
"false" gossan, comprising tranSported manganese and iron oxides

which'includes appreciable zinc by ionic suhstitution but "the
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outcome of this drilling in ne way detracﬁs from the explcration
potential of the known gélena-bearing dolomite horizons”.

To test an I.P. anomaly assocated with the base of
the lowerACambrian sequence where there are anomalous contents
ef lead (8500 ppm) and zinc (192,500 prpm) in a 20ft. wide dolomitic
bed one diamond drillhole (LT5) was collared close to the Para-
chilna - RBlinman rbad in Parachilna Corge on a bearing 87%,
depressad 50°. Insicnificant mineralization was detected.

Tha investications cf M.E.P.L. hgve revealed concentra-
tions of lead and zinc ever some €0 strike miles of similar
stratigraphy. "The exposed lower Cambrian carbonate rocks
represent only a small oroportion of the potential Cambrian
limestoﬁes and work has teen concentrated in the castern limb of
a large regional anticline, which.is ganerally covered by
Nuaternary and Tertiary sediments west of the Flinders Ranges.
Reasénably géoé rrospects also exist for the presence of other
Carbrian baszins in the balt between the ranges and Lake Torrens"

(Poherts, 1968 (h) ).
SUMMARY

Invastigations relating to the occurrence of basemetal
minerals in lower Cambrian sediments in the Flindefs Ranges
which were initiated hy the Geological Survey and subsequently
follcwed up by explorafion companies has disclosed widespread
lead, zinc and minor copper mineralization within narrow
stratigraphic confines.

Geochemical prospacting whiéh has included strecam
sediment sampling, followed un by rock campling and drilling
has resulted in the delingation of a number of areas over which
there are,-previqusly unsuspected, significant concentrations
of lcad ané ziﬁc, in particular, and has located high g;ade
derosits at Puttapa.

Leacd sulphide is discernil le in outcrop in many
localities as disseminations and in rinor massive concentrations

hut small scale mining operations have formerly bheen limited to
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a few lccalities. .
Oxidised near-surface secondary concentrations typify
the previouslymexploitedmccpéermdéposits‘ahd several newly
discovered willemite occurrences. Structural control in their
localizaticn is apparent. _Accumuiations of manganespnand iron

oxides in these situations constitute "false gossans",

Manganese is 2 notcrious scavenger of zinc and appreciable

amounts of zinc and minor lead, cokalt, nickel and arsenic

‘have accumulated with manganese wad and gocthite by adsorption

or ionic substitution through the circulation of groundwaters
adjacent to fault zones. |

Lead, zinc and copper sulphides in lower Cambrian

‘carbonate sequences are known also from Vorke Peninsula and on

Fleuricu Peninsula and within the Xanmantoo Group in the eastern
Mount Lofty Ranges and on Kangarco Isléﬁd. The search for those
metals throughout the.Adelaide Geosyrncline and adjoining shelf
is being intensified while the Torrens "hince zone®™ constitutes
an alrmost wholly concealed tract wherein the possibility exists

of concentraticns of metals in flat lying or only gently deformed

strata and investigations arc centinuing. %&M \et. :

R K. JOENS
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Figure 1 Map showing distribasion 6f lower Cambrian sedimbnts,
mines, prospects and base metal mineral occurrence.

Figure 2 Mount Scott geochemical section
Figure 3 Brachina Gorge Geochemical Sepfioh
Figure Y4 Ediacara Mineral Field, geological plan
Figure 2 - Ediacara Mineral Field, cross sections
;ggge 6 Puttapa’ Zinc prospect, regional geological plen

Fiiure 7 Puttapa zinc prospect detailed geological plan and
eross section,

Figure 8 Mount frden - Comstock area geological plan

Figure Mount EBrden - Comstock -area, enlarged geological plan
Figure 10 Mount Arden, 6ross sections thfouéh‘drill hoies
Figgre 11 Radford Creek area, geological plan

Fifgure 12 Ragﬁérdigreek area, contours of geochemical zinc values
80

1ggre 13 Radford Creek area, contours of geochemical lead values
“in soil ‘

Rigure 14 Radford Creek area, contours of geochemical copper
values in soil

Figure 45 Radford Creek areg geological sketch mmp showing'drill
sites

Figure 16 Radford Creek area, cross section through drill holes

‘Figure 17 Kanyaké area, geological plan

Figgre'jB Kenyaka mine, dump sample assays

) Fgggre 19 Kanyaka mine, geological plan showing drill sites

Figure 20 Kanyaka mine, plan showing location of drill holes and
agsays :
I
ggge 21 Kanyaka mine, cross sections showing distribution of*
zinc and copper in Parachilna Formation

Figure 22 Reaphook Hill zinc prospect, geologlgal plan

Pigure 23 Reaphook Hill zinc prospect, cposs sections through
drill holes.

Figure 24 Th&id Plain zinc prospect, geological plan .

Figure 25 Moro area, geological plan showing sample results and
' drillhole locations

Figure 26 Moro area, cross sections through drill holes

Fiaure_27 Andameoka area, geclogical plan and section.

Ficure 28 Parachilna aroa, neolooical plan.

O sstrt————

Ficure 29. Cross section throuch drill holes, Brachina "gossan"
: Grid '2',
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35 R4S
Plate I Sliding Rock copper mine, view northerly acrosse sliding
Rock Creek to bluff of Pound Quartzitec.

35 129 44

Plate II Ediacara Mineral field, aerinl view looking north
across gently folded Ajax Limestone
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35 1€7S ¢

Plate III Willemite outcrop, Puttapa zind prospect. Mineralized
AJax Limestons in foreground; Mount Bayley Range in right
background

K5 18757

Plate IV Reaphook Hill zinc prospect. Exploratory trench
exposes scholzite deposit in Parachilna ¥m. in forehround;
mineralized Wilkawillina Limestone outcrops at extreme right.
Reaphook Hill in background.
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KS VTS g

Plate V Aerial view Rooking westerly to Reaphook Hill
zine-bearing Wilkawillina Limestone (dark outcropss
in foreground. ©Scholzite exposecd in flooded Hrench
(left foreground)

HY. BunvyEROO | gqu

Plate VI 0ld workings in zinciferous manganese " gossan"
concentrated on fault separating Pound Quartzite
and Wilkawillina Limestone, south of Drachina Corge,

Grid arca 'A".



	Report Book 67/77 - Base Metal Occurrence Within Lower Cambrian Sediments of the Northern Flinders Ranges South Australia - 12 February 1969
	Contents
	Plates


