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by C. J. Sullivem
Superintending Geologiss, Hessittberous-Sestien,
Aaustralien Bureau of ﬁmasal Regourges, Geodology
and Seophysies,

The scientific sesrch for ara" in Australia is still
in an early stege of development, becsuse, until rwesz‘ﬁi‘y,
a gufficient supply of metals was svailsble Trom
concentrations readily detectasble by ordinary prospect ing
methods. Now the whole wminersl supply position is changing
end the rate of diseovery of new deposits by prospeciors in
the present century hes been gquite discouraging. To bring :
out this position more clesrly, the history of uwetal
diseovery in Australis ig outlined below t— S
; DISCOVERY, (See Raggatt, 1947 and ].94:9)}d |

The mein episodes (FNeggetty—i0473-4 in Australian
mineral discovery are as follows -

{(a) The copper discoveries, chiefly in South Aunstralis,
beginning in 1842,

# The papér refers only to metalliferous ores

# List of References st end of paper.
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{»} The gold discoveries in Yew @ﬁﬁ%i& Hales snd
- Vietoris, begimming in 1851,

{e} The discoverise of sonper, tin and lead-zine of

1870 to the late 1890's, including Wtr—tyerY
| A ﬁ %‘% ‘?‘yeﬁﬁfﬁ l&’ﬁ. Broken Hill lode 18383 f

{d@) The gold discoveries i;a %gﬁtﬁrﬁ Augtralia
begimning sbout 1884, ineluding Coolgsrdie
1898, and Eslgoorliie 1883,

The pericd »f discovery ooincides with the era of
land settlement and exploration. In gensral, in any given
mineralized district, ons or two ore deposiis formed
prominent tepogreaphic features and were readily detected,
sven by those comparetlively untrsined in prospecting.
Hews of any discovery led to & "pugh" of experisnged
prospectorsz whoe gulceKly combed the surrcunding country.
8o thoroughly did these men do their work that, since
the late 1890's, the only important surface discoweries
have besn those of /Mount Isa, Queensland, in 1983, and
Aberfoyle, Tssmania (tin-tungsten) in 1926,

King Island (Scheelite) about 1912,
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‘LETI0E. (See Raggatt 1947)
The resaltz of the sbove sre indiesated by the follow.
facts ;-

{1} The sverage age of produeing mines has

progressively inecressed since 1838,

{2) Excluding coal, 54 per eent of the minaral
prod@uction Tor 1938 wag derived from
deposits digeoversd nrior to 1500,

{3) In the period 1873-1882 {sxcept for iwe
years) Austrslis held first plece smong
tin-producing countries with sn 9&%‘9&&

- of z;agmximataly 11,800 tons per snnum,
In 1947, outpal was 2,571 tons of refined
tin, not quite sufficient to meet domestie
reqguirements, From 13842, copper production
mounted to s maximam of spproximately 4&,
tons per enpum for the pariod 1911.13 then
gradually fell snd in yecent yesrs it has
been in the vieinily of 20,000 tons per
anpum vhich does not meel Australisirequire-
ments. In regard to obher sasentisl metals,
such =ae lead, zinc, ftungsien {derived from
King Islend} Austrslia is in a much wore
fortunate position, and is #ble to supply
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substantisl proportions of world requirerents.
Gold production is impordsnt and large sapplies
of gireon snd rutile sre aveilsble (Zagostt,
Kye, Fisber, 1946),

The Australien Governments and the Sustrelian
mireral induatyy have recognised the reed Tor minersl
exploration both to supply home retuirements and to
asaist in overcoming 4he--problem-of world shortages, and
the present high orices for base metals have ersated
o favourable FHsd

2t In whiobh the work comn be csrried
out,

In order lo belp ueet the position, the Cotmonwealih

Government bag a@mtgé‘ 1#0 measurss e

In 1947, & a result of sdvice tendered by the
Eining/ﬁlgfia;ry f‘&nélg' gfggﬁ?Secondar Héﬁ ﬁtrle C_ommission,
eonsersed-with-varioug sopeats of Lhe industry, -
substantial reforoe, favoursble te the industry, were

introduced ints the < omm

enwealth Taxation Aet. These
new provisions are too long to guote in full but, in
effect, they provide that :=
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{1) Income derived hy a hona Tide prospector
{person or company) Trom the sale of
ﬁ.gh&s' to wine gold or ore of a long
1ist of other metals now in short
supply, shall be exsmpt from taxstion,

{11} Expenditure incurwved by & bLaxpayer on
exploration or progpeeting (with sone
miner excepiiong) shell he sn sllowable
daduction from ineome, The definition
of "exploration and prosnecting” is very
wide 2nd nmakes provision fop the use of

81l modern sclentific methads,

Thig Bursen was creatsd in 1546 and now has
an establishment
BPPID o —r e~ b kagnurnt_of approximately 60 geologists
small
and 60 geophysicigts. It 2lso ireludes/sectione devoiled

toc mineral eccoromies, petrolennm techmology =nd mining
enginsering.

The Buresu is designed {0 take an sctive part
in mirersl exploration snd, to date, programres have
been co-ordinated with those of wajor explomstion

engaged in mineral exploration

companies/ - The Geophysical Seciion of the Buresu ig
the only orgenizetion of ita kind in Australis and
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has been responsible for the major portion of the
geophysical exploration undertaken to date in this
eountry, including that carried out on minihg leasges
held by verious companies.

A dismond drilling group is now being formed,
the initisl equipment congisting of two heavy arills
capable of penetrating to 3,000-4,000 feet, 2 medium
drills for heles up to 2,000 feet and two light,
porteble drills, Thewe/ gﬁ‘ﬁgrmay ve 25534 to private
companies. /The Tormation of & small geochemiecal section
has begun.

The formatlion of suoch an orgenization cannot be
accomplighed quickly, and full stalfing has not yet

been attsined,

The yerdeus-State Governments heve fended-io expanded

their geologicsl surmeys in recent yvears snd are sotively

- agsisting a#‘m mireral exploration pregramme,

The changed taxation poliey, the high ruling prices
for copper, lead and zinc, and the favourshble long-temm
cutlook for base metals, psrticularly lead, have had a most
marked effect on the exploration policies of the major
Australisn bage-metal companies. Prior to World Wer 11,
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these companies nomally exsmined hopeful prospects
brought to their notice, but 4id not asctively seek
properties oulgide of their own territory. Since the

end of the war, the Broken Hill mwmg companies

and ot her ou
/have emb gr

conducted
gver witpessed 1in austrslias, Hes-sespsh--osr-base-mebtals

acti
n me most agg?m&#e exploration policy

e -hetns—sronecibed P F-otie R SRR S~ B —rRSRaRie ~sna

eimewkere,

Two major eompsnies sre scouting for gold prospects
in Yestern Australia,

In the following chapter, the more notable work
earried out by mining companies in the past will he
briafly desceribed and current sctiviities will be outlined.



In Australis, prior to 1930, there was little
organised selentific prospeeting, and geologieal work
generslly was not directed towards ore~finding.
However, in the deende 19301940, thisz work received
considerable lmpetus as the following exsmples show :-~

This is prmarily a gold-mining company which,
daring the ysars 193335, get eut to fipnd orebodies by
geolnglicsl meane, 4 munber of geclogistas with good
reputations sbhroad, as well as some Ausiralian geologists,
were apcsewbled in Western Australia with the objeetive of
finding orebodies on & besia of stractursl geology.
Initially it was thought possible to Tind entirely
new deposgits by sbiying regional structures on s basis
of sir-photography, snd considersble money and effort
were experded in this direction. The immediste resultas
of the work were dissppointing.
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See
p.10

8.

The other side of the work by this Corporation
conglsted of the geological examination of 0ld mines
in the light of the then modern siructursl idess.

Thia type of inveastigation led to the estahlishment

of three mines, esch with an output of spproximately
10,000 tons of ore per month, These are Gold Hines of
Kalgoorlie, established on formerly abandoned lcases
on the eastern side of the XKalgoorlis field; the
Triton ¥Mine, vhich exploited a known, but previously
unworked, deposit, whieh improved rapidly with depth;
and Central FNorseman Gpld Fines, where non-cuteropping
shoots,
grounds, were proved by dismond driliing apd by under-

whose sxistence wss suspected on geologleanl

ground developrent.

The ssme company conducted extensive geclogical
surveys as well as & considerable underground exploratory
campaign at Bendigo, Vietoria, in the hope of finding
substantlal new gold deposits on that field, but the

asarch wis unsuceesainl,
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' Western ¥ining Corporation performed a eonaidersble
gervice to Austrsliasn geology by introdusing s number of
prominent men from abroad whose idesas nnd techniques have
now been sbsorbed into Australiasn geology. The Corporation
was also the First to demonstrate to Ausiralia the
difficuliies in waitl for those sseking to find ore away
from known deposits and, at the same time, 1t showed that

S e ) Srerre

much valushle ore mgnrx}s;s pear well-known lodes, mey have
Sy
2 Sinoe -hnt--i0,/ Saploration.

been missed in the past

Since that time, @& mumber of Kalgoorlie compsnies have re-studied
their properties and have proved the existence of more than '
10,000,000 tons of ore on ground prévicusly considered to be
virtually exhausted,

buring the years 1936-1938, the Broken Hill Companies
Jointly employed a group of geologiste to afudy the {ield
as a whole., This study, in conjunction with geophysieal
surveys carried out by J. M. Rayner, then of the Depariment
of Hines, H,8.%., indiceted that the ore~besring structure
eontimmed unbroken to the southward of the known mines and
also that a flattening the pitch -m’igm oecuy which _-might
bring the mineralized horizoms within mining range of the
surface, These deductions would be simple enough in some
areag, but the Broken Hill rocks consist, for the most
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part, of schist and gneiss, and 85 to 956 per cent of the
eritical area is covered by sand,

Hew Broken Hill Consolidated is now working the
large orebodies discovered when these geological amdi zeo-
physical deductions were followed up,

The fundamental ore-controls discovered during the
survey form the basis of current opersting mining geology
at Broken H1ll, and the information thus gathered is also
being used in the searech for entirely new deposits.

The development of the Bilg Bell property in
Vestern Austrsalia was the result of exploration activities
by the companies controlling Mt, Isa Mines Limited.

These companies later formed an exploration ecompany,
Anglo-~Queengland Fty. Limited, which examined & number of
prospeets brought %o its notice, mainly in Queensland and
New South Wales, but no orebodies were discovered which
warranted exploitation.s An impoptant development at
Mt. Isa, however, was the discovery and exploitation
of & large non-oubteropping copper deposit in the hanging-
wall of the Mount lIga lead-sinc orebody. During the
recent war, copper was préé.wzed from this deposit at the
rate of 10,000 tons per year,



In 1946, this Corporatien, {iagammﬁ #ith other
interent g formed & speeis! exploration company
Wu Explorgiion Lid,, which, uné
supervision of s Dirsctoy of %z;g&amtian, employed, in 1948,
an averags of 6 engineers, zamggzagmtg, 12 geophysicists
amd 34 diamond drillers, A-Tmber of iis geophysieal

minations wers carrisd out Jointly with the Burean
of Minersl Begources and it slazo ghared with that
erganization, the sarvicss »:sg Eé_sgﬁgﬁgﬁg geochaniat »/ %Eg?gzsug%{gg-
A considcrshls monber of the Conpeny's geophysicisis f
vore recmitsd fvom Scouth Afrlea by the Company's geophysical
econzguliant, Kr, O, @eiss, An alrborne magnebomster has
now been brought inte operation by this organization.

known as

sy the general

The work of the compeny may be divided into 3=
(1) Bxemimstion of known prospeets.
(2} Explorstion of known metsllifercous provinces
for antirely new orebodies.
{3) Sunéry testing -~ ®.g., of beach sands,
{4) In assosiation with established oil compsnies,
Enterprise Exploretion 1Ltd, 1a slso earrying
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oat & gearch for oll and natursl gas,but this
phase ol ithe work is outside the scope of the
present article.

eonpeny, and, sinee 1946, approximately 40 bese mebal
peots have been oxmmined in some detsil, The usual

procedure has been exsminstion of records, detalled
gediogienl examination naing strostursl eoncepts of ore
logaligation, followsd by diamond drilling where comaidered
warranted, In the course of this werk, some 15,000 feet
of dismond dA»illing heve deoen sarried out,

The most promising prospect uncoversd by these
methods is s lead-zine deposit, aggregating epproximstely
5,000 toms of ore per vertical foot ocontaining probsbly
2 per cent lead, 8 $0 12 per oent zine and 2 oz, silver,
The ore iz graphitic. Thias prospect had previously heen
recommended by the North iustralis Survey (Hommen, 19373
Rayner =nd Nye, 1937).

Hoast previously recorded mineral cccurrences have
proved diseppointing when drilled snd, aftey three years’
work, d4iffieulty is being sxperienced in maintaining the
tenpo of the esmpaign, because of the lack of prospects
considered worthy of detailed exsminstion,



Exnlorption for New Opebodies away from Xnown Nineg,
This type of work requiryes more imeginsiion and
courage than that dessribed sbove, end some very interesting
work in this estogory is being carried oul Ly the company.

Importent studies will be described under locality

The stimulus for explorstion bere derives from :-
{a) The immense sise and richness of the kmown
{2} Toe faot that the kmown ore is largely

eontined to certaln bveds which, in
Iongituding) sectlon, are bent into

& hreosd arch; in erca@s-seetion the
gtmoture iz thet o7 a rupbuared entieline,
nly the top of “he arch was exposed and,
with 1,5% feet loss arogisn, very little
ore may have been found at the surfoce.
The hope is that nonwoutaropping depoe lis

Bay osouy,
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Largs portions of the district are covered by
wind-blown sand and the rocks of ihe area are schists
end gnelasee so timt the deeiphering of the strstigraphy
and strnoture is 4ifficullt., Tevertheless, muoh has bheen
achieved, The basis of the exploration programme is
geclogioal mepping, based on serial photographs (scale
1 inch = 400 feet) tied to sn accurate ground survey.

It has been possible to divide the various metamorphie
rogke into dlstinetive horizons and the magnetometler
has been atmmﬁ in following key beda., Large aress
have been covered by deisalled msgnetomster survey and
considershle gravimetric studies have algo been under-

ncept of the search is that another
lode may oecur in any strueture similer t{o thaet which
contains the present orebody. Uther anticlinsl
gtrustures have been mepped and on ihese certain
*indicator” minerals, such as gahnite and a peculisr

green felapar, which are chsrasecterisiically asssocisnted
with the Broken Hill lode, have beepfound, Small
guantities of lead and zine sulphides heve =lso been
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To date, 31,000 feet of dlsmond drilling haVebeen
sarried oul by Zine Corporation Lid, in conmeetion
with this project,and other Companies have drilled
35,000 to 40,000 feet with a similar object in view.

A smell emount of preliminsry geochemical work
has bespindertaken by the Bureau and it has been
found pomssible to detest the presence of small
guantities of lead and zinc in various rocks of the
district. This fact may have prospecting significance,

The carrent Broken Hill work bas been in progress
for approximstely three ysars end is likely to continue
for sowe time, An air-borne msgnetometer is now being
brought into operation with the ohjleetive of speeding
up some sections of the investigation,

t A XE o ok o
This waa/a-érggoraa%germgre@em distriet but no

large~sonle mining has been undertaken there for mamwy
years. Geologieal study and {diamond drilling were
earried out by the South auatralmn iiines Department

and gecphysical investigstions -~ mainly seif-poteniial -
were undertaken by the Bureau of Eineral Remoureces.
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Purther geological study snd considersble digmond drilling

were parrisd out by Zinc Comporation LEd. but no

worthwhile orebodies have yel been intersected.

Ve Pe Sokoloff of the United States Geolsz ical

ey, who was in Austrslis in 1948, under contrset
te Zine G@_mrgﬁiag Itd. and the Buresu of Nineral
Resoupees, carried ocul extensive geochemiesl gitudies
in this ares (Sokoloff snd others, 1940) snd used
éﬁhimm {Sendell, 1944) to detset copper dispersed
in the deep residual soils of the mineralized district.
This work indieated the presence of copper anomalies
which are being tested by drilling.

in besch sends, of very large ressrves of sircon,
rutile and iluenite,

This organigation has un giall »f three geologisie
and two geologlenl aassistants snd is examining &n svres of
approximately 300 square miles surrounding its properties
in Westorn Tesmanisa, XNuch of this country is eovered by
axtremely thick serudb and, in some seetions, Tertiary
glacial t1llite obsoures the minersliized PalncozZole rocks.



is,
The eompany uwees alrephotos ag & besis Tor mapping,
These reveal much of the geclogicsl struelure, in spite of
the dense forssts - in feset, they reveal much ihat esnneot

be ssen at close quarters,

Begides the geological departmant, the company has
a small stalf of dimwmond drillers under zn exploration
enginser, Hueh use is made of a 1light dismond drill, made
in portsble sections, which yields an % X core snd ig
eapshles of pemetrating 200 feet, Heavier drills are
available for deeper testing.

The Compary’s programme is still in tle initial
steges and to date bas been confined largely to the
testing of old prospeets, now overgrown by dense bush.
High zine prospects were not of grest interest o
prospeclore in the pest and these ave now being sought
by the company.

A point »f intevest is thal the compmy iz taking
gtopn to eslsblish a smell geoehemiesl unit for testing
onterops, Ini%ially it is intended to uuze Jlthizone
techniques, whiokh were demongtrated in the region last

year by ithe Bureen geochemical party.
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field and muaintains s steff of B to 6 geoclogists, whieh
mapher is likely to be increased as graduates becone
svailable from the univergities,

At Zeehan, Tagnsnia, an effort is being made %o
revive the 0214 lead-zine field, The exploration is haged
on geologleal studies gupplemented by geophysiecal work
carried cut hy the Bureasu of Minaeral Resourees, Diasmond
drilling gave promising remlis and underground development
is now proceeding,

On the basis of air-photography, a considerable
proportion of the highly minsralized belt in the West
Coast Distriet of Teswenia is being mepped, and en atisispt
is being made to usge this mapping for prospecting on
a regionel basis.

A gimilar regional prospecting csmpaign isg being
earried out in the Nymsgee distriet of Few South Wales.
The Buresu of ¥ineral Resourees is collshorsting with
the mepping and is 2leo é&&é&aﬁ&f&g the ceophysical surveys.

The work of Western Mining Corporation Ltd. from
1933-56 has alresdy been mentioned, At present, the Company
mainteaing a staff of seven geologists, three of whom are
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pormanently engaged on mine operaiional work. The
remaining staff is employed on geologieal studies sasoclnted

with the explorstiion of abenfioned fields or is nmam %o
one of the mines for spesisl stuldies yelated to majer
xplorstion prejsats,

The company now itends to confine ils estivities
to well-known mimeralized aress and te the exsmination
of new depoeits disecveved by prospectors, dut is alm
interesteld ik moye spesulative ventures., Thus, an
exsaination is being nade of & deup alluviel area to
the south of Kelgoorlie wiih a view te finding gola
srodod from the Kalgoorlis ledss, The Duresm of NHiverel
Resources aarried oul grevimetvie and selamlis surveys
with the bope of loeating bured chamels, and the seismic
sarvey gave promising resaliis on which drdlling by the
aopany will be based. The compeny las slso gseeking
& cemplote vepetition of the Kalgoorlie field itself
{go1d profuction, 27,000,000 o% .) by following the
Ealgnerliie stmaetares scuthward to where, it ig hoped,
a Tavourable Juxteposition of rock-type
may heve led to ore deposition of the Kalgoorlie type
in areas MWW covered by desp soil or by lake depoaits.




This is sncther prospecting company which iag
bhacked by saple venture oepital, Essenlially, its
work has oonsisted of the gesloglesl study of old

nes with e view to delomining the possibility of
repotitions, and the exsmingtion of new prospssis.
Aerisl photegrapby is used, when availshle, and, in
one nsnve, the geclogical mapping of an eres surrounding
& mine was based on photographs enlarged to s seale of
i inch to 150 Teet.

In sddition So the detelled siructursl studies
of known deposits, this compemy is propoeing to enguge

in reglonsl wappirg of aveazs up to B00-300 syusre wmilles
in em attempt to eorrelate ard andergtand deposiis
onteropping on these veglons, The hope is, of course,
that this undevstending will lesd fo dlseoveries. This
peny isdosely associsted with Big Bell Nines 1Ltd.,
maa sunacessfully operates a gold deposit which sverages
;&; dwt, per long tom, COutput is 450,000 tons per snnum

BUNDEY ViNTIRES

As an exemple of ogurrent ventuyes mmy be quoted
the recent formation of s compeny to drill the desps of
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The deposit wese worked to a depih of 2,500 feet and
yielded over 1 million ounces of gold, but was poor
at the bottom and the mine has been under water for
many yesrs. A contour study (Comolly, 1538) showed
8 relationship between gold occurrence and veln
stracture and led to a hope of repetition at depth.
The company proposes to drill six deep holes to fest
the repetition prospect. It mey be noted here, that
the finding of extension and repetition gold deposits
by geclogical study and dismond drilling has been
relatively successful, especislly in Western Ausiralis,
end a number of companies there have very hopeful
prospects which they are investigating. The present
unfavoursble price/cost relationship is the greatest
deterrent to the opening up of new mines (Raggatt, 1949).

The contour method of studying metal distributlion
and velin structure introduced by H.J.C. Conolly (1936) is
atill popnlar, particularly in Western Australisn gold
fields. In genersl, for the past 20 years, exploration
companies have pui their faith in detailed studies of the
structural geology in regions of known nmineralization,
This method of investigation wss a big improvement on the
technigues previocusly employed and has been responsible
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for finding much ore. However, this technique is very
empiriocsl in conception (Sulliven, 1946; Graton, 1847),
and does not represent a comprehensive approach to

exploration,



Perhaps the most significent attempt &t prospecting
by Government agencies during the period is represented
By the work carried osut by the Aerisl Geologlesl and
Geophyasical Survey of FNorthern Australia. This orgsnize-
tion was supported by the Govermmentig of the Commonweslth
and those of ueensland and Western Australis.

I% opersted during ithe period 1935.1940 and, at
its time of maximum aectivity, employed twelve geologists
snd the same number of geophysicista. The Royal
Australian Air Foroe pholtographed a conasidersble number
of separate areas up to 200 sguare miles in extent.

The areas chosen Were mainly those surrounding known
mineralized dlstriets.

The objectives of the survey were to sgsess
digsovered minaral resources situsted north of the 22nd
parallel of latitude and also to sttempt to find new
deposits by seientifie methods. The Survey's ascessment
progremme was largely achieved snd attention was drswn to
the probable value of several important deposits, but
it camot be claimed that any spectaculsr dimeovery
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away from known deposits vesulted from the first use in
Austrselis af combired geology, geophysies and sir-photography;
in this, the experiente wae similer to thst of Yestern
¥ining Corporetion already cited. However, this survey
wag probebly the most important single faselor in
Aintroducing to Austrslias geopbysical techniques and
air-photo geological mapping, two Tfactors which are now
considered to be practically indispenssble to any major
invesgtigetion, 1%t was algo the first organization to
attempt geochemical studies in Australia.

During thisg period, the work of the State geological
surveys wss not generally directed towerds the finding of metallif-

erous
mineral deposits though memy important studles carried out

led to & faller understending of individual orebodies.
g

Ve

At present the Bureau has six geologists who can
be said to be engaged in ihe search for vein - snd lode~
type wtgﬂiﬂem& deposits though sn equel number are
employed in testing beach sands, bsuxite deposits, and
in similsr projecis. Approximately 12 geophysicists assist
with Bureau min&ral prospecting projects &nd supply & wide



The New South Wales Mines Department proved the
existence of 156 million tons of aluminous laterite containing
from 34 per cent to 45 per cent AlgOgze
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and State Governments
varisty of services to prospecting comvanieg{ A smell
geochemical tesm 8 in process of formation and «isee
~is being organised
a diamond drilling unitl Exsmples of work being esrried

ont by the Buresu ars :-

The field ocenpies an ares ol aporoximately 1,500
square miles. The deposgits ceﬁgist of massive hematite
with which gold is assoccisted.

Regional mapging‘bﬁaaﬁ on aiv-photogrsphy (scale
1 inch = 1 mile) together with mapping on larger scale
photographs, indicates that the lines of orebodies
vceur along the shearsd axes of 2ntielinal folds and
that the field is limited in depih by & semi-concordasnt
grenite., The bematite bodies are leniicular in shape
and many of them do not ocuterop. Kaegnetoweter traversss
along ithe fold axes deteot must non~culeropping deposits,
because there is a conpidersble proporiion of magnetite
ageociated with the hematite. Some thoroughly oxidised
lenses are not magnetie, bul their high speeific gravr%y
renders them susceptible to detection by gravimeters.
However, a large proportion of the hematite bodies carry

has been found
no gold, and, to date, no satisfactory method/of
determining whether a non~outeropping hemstite mass is

suriferous or not Las-been found, In many instsnces,
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hometite bodies spparently harren of gold at the surfsce
have yielded sexry rich shoots when explored at depth.
Detsiled geologicel mepping has s’ﬁ_wwh that these shoots
aras associated with certain structural conditions, but
the presernce or absence of these condit ions, esnnot,

in many instances, be predicted for the non~ocutevopning

leases detected by the magnetometer.

Experiments are now proeseding in the use of a
modified dithizone (Sokoloff snd others, 1948) technigue
to detect the presence of very small gquantities of gold
above the hematite masses. Tests are alw dbeing
conducted for the field detection of dispersed bismuih,
because the gold :s intimately assceiated with thisg metal,
wWhere detailed studies have been made in known mines, it
hag been Tound that gold distribution is related to posi-
hematite shearing; accordingly, any shears or octher
structural plasnes whisch, from their attitude, ean be
sxpected to intewgeoct the non-outeropning hematite vassss,

are to be tested for traces of hismuth and geold.

#insl Juogess with this type of work would be of great
importamce gt Temnant Creek. 7The detection of the
hematite bodles presents no great difficulty (Reyner & Nye,
1936; Richardson, 193, 1937); 1f the probability of
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bodies
of gold ogcurrence within the hematite/ cen be delormined,
it would probably be feasible, within the space of
a Tow yesrs, to prove by drilling a large proportilon

of the ore deposlits on this field.

This metalliferocus province contalns copper-gold
‘é&m&i‘&é. Cobar ig the major field and hes produced
approximately 130,000 {ons of copper and 1,000,000
m&eﬁ/w gold, The district iz beling investigated
by the Buream of Minersl Resourses in collaboration
with Zine Corporation Limited, North Broken H111l
Iimited, 2nd with the Depariment of lilnes, New South 7
@ales, which has alsoc carried ocul congidsrdble previous
work in the district. (Andrews, 1911, 1513;
Mulholland and Rayner, 1647}.

An area of 2,000 square miles hss been photographed
on & soale of 1 inch to 1,250 feet., The photographs
are plotted by slotted templats ur simply by mosaie

compilation to reconmaissance standard.

Feconnaisaance mapping ecarried out to date has shown
that one importent ore line (which includes Cobar iteself)
iz confined to a series of shesrs vecurring a litile to
the west of the axis of a regional anticline which has
been traced in e norib-south direction for 50 miles.



29,

At the southern end, the core of ihe snticline ig occupied
by coneordant granite, surrounded by small ore deposits

of the type found aiLobar sl ine norilern end, Half-
way along the anticlinal exis twe plugs of granite
porphyry cuterop snd from %iﬁis ané other evidence, it

has been inferred (by the writer) that the sre deposiis
pegurring along the anticline overlie more or less

concordant granite. {(Sulliven, 1942).

The mining fields oecenpring along the anticline
are ssgocisted with major anticslinal piteh changes and
the individusl deposils =t Gnﬁam far exanple, are
assoclated with miner erogs~folds, prolucing the same
type of pitoh change. It is postulsbed thst these
sntislinal piteh stsnges eovrasmond o tie ceourrence
of cupole-liike forme in the anderlying granite - hence
the ccourrence of minered fields., The zmall eross-folds,
wlth whiech the individual orebodies are assoclated, are

minor duplications of the major structure.

The area close 0 the "ore~line® iz belng cerefully
mepped on photogrephe enlarged to a sosle of 1 inch to
400 Tect. Hesgnetometer surveys carried out jointly by
the Bureau esnd by Enterprise Exploration Ltd., are being used to
£61208538%acun the ehesred 1imb of the north-south

anticline and, in particular, geophysieal work is



halng ooncentrated in reglons of enticlingl erosce
folding. The magnetometer g most veeful on zecount
of the sgsocigtion of pyrrhotite wilth » censidersble
oroportiom of the crebadies, and the Cobar field itself
has been almoet sompletely covered by megnetometer
surveys slted almest independently of the geclogical
mapning. The geophysical gurveys themselves have
suggested sites Lor m&%gatm%be first
drilling of & mpgnstic anomaly st Cobar disclosed ths
presence of a relatively smell pyrrhotite-copper
deposit of sconomie grade but oither drilling has
intarsscted disseminsied pyrrhotibte wminerslization

Para with a low content of valusble metals. / The drilling
in the Cebsr district is belng carried outl by Enierprise
Exploration Lid.

Limited self-potential and gravimetric sarveys have
bsan made and considerstion ie beling given to the
poegiblility of determining by g@ﬁg&gﬁi@l means, the
putline of the postulated underlying grenite. This
latter project is still in a very speculastive stage.
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The regional work in the Qistrict is still in the
initisl stages, but already & number of promising
megnetic snomslies have been found, and sre being
drilled, There are a-number—ef ore loei in this

metelliferous province, sach with similer structural

and genetic essocistions. Many of these lines remsin
to be studied for geolegicel detsil and iecdeo-sesrehed-
iiiti‘;» geophysical, geochemical, and drilling methods,

In ihe Cobsr-Nymsgee province (and in meny other
metalifferous provinces for that ’mtfkar} & detailed knowledge
of the stretigrephy is necessary becsuse the ore deposits |
tend to be related to stratigraphic boriszons,

Results of s geologiesl study of this gold district
have been deseribed by the suthor (sulliven, 1947).

22 formatione mepped in the ares, the gold occeurs only

in or apound Ko. 9 formet i@@:l In partieulsr, the ore
deposite occur in this formation where it is found

in domsl and anticlinsl struociures. The deposits sre
relsted in distribution to gmphitic schists and hemstite-
rich beds, whieh, in two deeply eroded doms structures

in the district, are seen to surround mssses of coneordsnt

granite, Prom this and other similsr evidence, it hes
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been inferred that when these metasometie rocks and assoc-
isted orebodies oceur in less eroded domal structures
elpewhere in the disiriet, they overlie cupola-like masses
of granite,

Frospeeting is plenned for an area of about 5,000
square miles in this distpiect, using the known relationship
betweep stratigraphy, metasomatimm, :tmitm and ore, but
hag not yet been undertsken because of the rempteness of the
ares and the lack of trained personmel and drilling equipment,

In sddition to this relatively long-range work,
the Bureau has carried out & number of testing programmes.
Prior to 1?45, the known deposits of bauxite of satisfactory
metallurgical grade in Australia were smell, Testing by
Australisn Aluminium Produetion Commission, under the super-
vision of & Burcew geologist, has proved the existence of

9 million tons of Lauxite of which 6; million represents
previously unreported deposits. Exploration of the known
deposite generally indicated lower economic reserves than
hed been estimated formerly,

_ At King Islend, Baﬁ Strait, geological study and
dismond drilling proved over & million tons of open cut ore
eontalning Qi‘ﬁ per cent WO3,

A rether extensive survey of the airma-rv@tnmmﬁt@
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been iuferred thet when these metasometie rocks and assoc-
iated orebodies oceur in less eroded domal structures
elsewhere in the distriet, they m'erls:e cupola-like manges
of granite,

Frospecting ie planned for an area of sbout 5,000
square miles in this distriet, using the known relstionship
betweep stratigraphy, metasomatism, strueture and ore, but
hag not yet been underiteken becmuse of the remcteness of the
ares and the lack of trained persomnel and drilling equipment,
Supdry Testing.

. this relatively long~range Work,
g e ar el iy St D o
e e e S Fosusdoa, 18 BEOTARS, o
3 million tons of bauxite of metallurgicsl grade (Raggait and Owen,

1945)s Subsequent testing by Austrellsn Aluminium ireduction
Conmission, : | :

&% Aing 1lslend, Bass Strait, geological study and
dismond drilling proved over 5 million tons of open cut ore
containing 0,6 per cent W03,

A rether extensive survey of the zircon-rutile-monagzite
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content of the beach snads of the eastern coast of
Austrslis is being conducted in associstion with
otheyr publie suthorities and privete companies,

In the present &é@&ée the Géuiagieal SBurvey of
gestern sustrelis has fully embraced the doctrine thet
structural studies are the key to ore-finding, and
cons idershle mopping hea bapn egarried out in the difficult
terrain of the Pre~Csnbrisn Shield (¥llis, 1939; Hetheson,
1948), Banded iron formstions have freguently bsen used

as merker horizong.

Two me jor principles appear to have emerged from

this mapping. These sare i-

(1) Ore tends to occur at approximately the seme
horizon in the greenstones, ¢ven in widely
sepersted fields. The West Ausgtrslian
geolegiste regerd these horizons as being
“favourable” for structurel ressons,

(2) Hajor deposits are assoccisted with intersecting

regional fold 8XE8,
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Some ore hss already been found ss & result of
the application of these principles.snd, in sddition,
the regional mepping hes been of considersble sgsistance
to mining compenies carrying our more detsiled investi-
gations in limited ar#as.

The South Australisn Hines Depertment maintsins

an efficient dlsmond drilling orgenization snd hes csrrisd
out 8 number of searhes for spscific metsls on the basis
of structursl geclogicsl study and diamond drilling.
The-Bupesu-of-iineral-Rescurces-hes—puppiied-geophyaieal
services—bo-Senth-Ausireiis-sné-t0-other-S4aten,

The Victorisn iines Deperiment hss made the ms jor
contribution to our knowledge of the gold-fields of that
State and their work st Bendigo still forms the soundest
basis for exploration, “imilsr comtributions heve been
msde by other States in secordsnce with their technicel
resources and with their commitments in other directions,

As already mentioned the New South Wales lines
Department and the Bureau have a 000perat1ve programme
at Cobar and the Geological Survey of that State is also
contributing to the intensified exploration programme at
Broken Hill, :

The gueensland and Tasmania geclogical surveys
have, in recent years, carricd cut yeneral and structural studies

of & number of mineral deposits occurring in their respective States,




In en attempt to sunmarise the forees brought to
bezr on the problem of ore~finding in Australis during
the past 20 years, the following spproximstions sre
suggested -

During the peried 1930-1940, there mey have been
an average of 20 geologists sctively engsged in the sesrch
for ore in Australis, and from 1935 to 1940 they were
sasisted by 10 to 12 geophysieists. These do not include
all geologists and gecphysicists prsciising during this
period, but only the comparatively rare workers whose
investigst ions were consciously direeted to the problem

under discuss lon.

It is estimated that, st present, there spre
spproximetely B0 geclogisis and 20 geophysiecistis sctively
engaged in metalliferous geoclogy in Austrslis, However,
of the geologists more then hslf sre coneerned chiefly with
routine surveys or opereiing mining geology snd ecamot be
gaid t0 be engsged in exploration for new orebedies,
Conasjdering the 4ifficulty of the task snd the amamnt of
work 0 be done, this is a relstively smsll foree which
would not be expected to achieve a vast amount of work
in the sesrch for cily; end the finding of new orebodies
will probsbly be even more difficult then the finding of

new ©il poola,.



é&s » further index of the ssownt of exploretion
patng in sustrelie, 1t 1s estimsted thet during 1048,
ling mey hove baen carried

h for new minersl deposits; » much grester
footsge is, of course, drilled smmuslly for tha purpose
ining known deposits shead of m;amg and by
ke of well sinerslized
, Q0T eep “venture” drilling
is st11l in ihe esrly stsges of development im sustralias,
but 1s being Incressingly undertsken by mining compsnies
in the search for repetitions close to known deposits,

way of latersl prospesting in blo

I% is moteworthy thst the dlscoveries made o dste
hsve been slmost entirely 2t or nesr points vhere important

in the very rocent pest snd ¢he poseibiiiiy of the
extension of known mined ized etrustures below thin
nop-mineralized roek cover is only now being considered.
The posaible signifticance of sress of wesk ninerslizstion
along siructures gontaining cutomopping psysble depomits
hse not been fully evslusied,
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A% the beginning of this psper, it wes stated thet
the scientific sesrch for ore ig still im sn sarly stage of
development, and it 1s believed to be very nscessary to
remember this Ifsct when sttempting to sssess the chancss
of finding mew deposits., Twenty to thirty yesrs 880,

with some noteble exceptions, the aversge ged logical study

earried out in Austrslie was generslly not of direct sssistsnce
in finding new deposite, but aimed, rather, et 2

scientific understanding for its own sske, Those

geclogists with an ore-rinding outlook Sabe’3ielila-gyailable to
§B8 a0k of the techniques SabSBal®tB3LS. /Then ceme the
émpirical structural epprosch, the protagonists of which

found quite a lo% of ore snd also developed s very
coneidersble disdain for any type of geclogiesal investigation
except "structure”; all else wse tellingly labellad
*academic™ , 8 term sufficlent to 4iscourage snyone

venturing off the chosen path. An ides seems to have

grown thst a favoursble structural trep is in itself

a gelf-gufficient explanation for %&a seourrence of an

orebody; problems of genesis have been relegated to

the depths of the earth, s zone of litile interest to

those seeking minersel riches, Following this tendency

juniors with 1ittle or no geologiesl treining have been
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elevated to the post of mine geologist, and one

prominent Austrslisn consuliing explorstion geclegist
affirms that geology hes little to 41 with ore-sesrch
end that it is meinly s problem of geometry snd diamond
arilling. |

In splte of these ecurrent rether exireme idess,

it is conpidered ithet unlsss the fundamentals of ore-
genesip snd loeslisstlion sre fully understood, the

preblem of ore-seaprch cannot be fully apprecisted,

During recent yesrs, the writer (3Sulliven, 1947,
1948, 1949) hss found evidence %o suppori the hypothesia
thet for ores relsted to granitic rocks (which form & very
lsrge proportion of all orebodies), regional mapping
indicetes in meny cages that the ore is geneticslly coh~
nected with concordant grenite - &nd not to the same

extent with subseguent, eross-eutting graniie mesases,
whish in some instances, sppear to be later them the period

of ore-formation,

anite in some districts are

~ If the e’nﬁempn of concordant gr
- projected down-dip, parsllel to the folding in the surrounding

rocka; it is seen that the mineralised fields appear to occur

in areas overlying the high peints or cupolas of the under-

. 1ying-coneordant granite mass. ,

\5\
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The fields themselves occur in elongsted domal siructures

in the sediments snd other rocks, concordsntly overlying
the granite. Indetail, individual deposits within the
mining fields sre commonly associated with minor. anticlinsl
piteh changesn, |

Considerstion is being givento the possibility of
outlining, by geophysical mesns, ecriticasl sestions of ths
granite lying below metalliferous disiricts. This would
dslineste areas in which mining fields could oeeur, would
indjeate the rock-bottom below which search would be useless,
and would give some indiceiion as $o whether ore is likely
%0 be found within mining renge of the surfece, even if
favoursble siructural traps exist. One of the big
disasdventages undeyr which the metalliferous geoclogist works
as compered with the oil geclogist is the limited depth %o
which mining ecan be eondueted,

Thus, during the Cobar-Nymagee study, 8 particulerly
fevourable "strueture™ for ore logalization was mmpped by
the present writer (Sulliven, 1948) snd geophrsical work
wag recomnended., This work resulted in the outlining of
a8 lerge megnetic anomaly 8s well as & gelf-potentisl snomsly,
Some small shoots of peysble geld-silver ore outerop st the
surfece, The regiocnal staﬁy{ ggg_g_as%s however that the

concordant granite which sppears to hsve besn responsible



40,

for this mineralizstion may be 35,000 feet below the

surfsce at this poibt, and thet the rfirst zone of lerge-scale
payable mineralizstion mey be 10,000 feet below the surfece,
These suggestions were msde before any drilling wes undertaken
end the drilling {0 date hes revesled only 2 per cent
prrhotite mineralizetion, Furiher drilling is being
undertaken as these concepts are still of & tentetive B
natare only, snd there are many unpredictable factors in
ore~deposition, Neverthelese, in the Cobar-Nymagee province
Creek Didrict, Rorthemn Territory, the

and in the Brocks
granite responsgible for ore depositioncan bs identified,
end when 1% is Treated es a semi-gtretigraphic 'ﬁ:ﬁit Bnd its
sub-gurface position iz interpolated, some very sugpestive
resulte sre obisined,

Thepe is & growing recognition in Australis, slso,
of the tendency, in & regionsl senseé, for ore to ovccur at
about the seme lithological horizon. This may be related
%o peveral festures, tth,; in the past, it hes been
essumed to be an indicstion thet paPticulsr horizons are
"atpucturs lly fevourable®, 1i.e., smensble to fracturing, elc.
(#iles 1949)., Actuslly, in some cases, ore deposiis mmy be
regarded as part of 5 contact aureole purrounding more or
less coneordent granite, similsr in origin to the other
types of metesomstims which, in meny csses, surround these

granites,



The writer suggests also thei, for instance, the Westemn
Australisn gold deposits may tend to ogeur st sbout the
same horizon in the greenstones, becsuse the gold hes besen
concantrated from gold-rich horizons in the ¢ld laves, during
the process of felding end granitesformetion. Under this
concept the process of grenitesformation leads to the
goneentraetion of some elements formerly dispersed in
voleanie and other rocks from which the grenite were formed.
{sullivan, 1548, 1049).

Work now belng earried out by John Bradley (1949)

on the Test (ogst of Tesmenis, shows that & close
ansociation exists between the distribution of 2 group

of tuffs end flows, kuown 3e the Resd-Rosebery volcenies,
and the occeurpengs of ore deposits, The work indiecates
that within the volcanic group, the ore derpcalits oceur
closs Lo regions where the pocks heve undsrgone 8 type of
mineralogiesl reconstitution, resulting in the formeiion
of felgpethie porphyries, in meny e;.é‘ which the bedding of
the originel tufls is preserved.

Steps &re now being taken by the Buresu to Jetermine
by spectroscopic snd other trade-slement technigues, the
minor meial content of rocks in metellifercus distriecis,
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i% is hoped to build up this knowledge coneurrently with

cvdinery geologiesl work. This bssic rese

compiderable economie significsnes, o.g., in soming to
& deciglon 83 to whekhor further orebodies of Lhe Broken
Hill type ere likely to be found within the 2,000 squere
wiles of ¥illyams Geries outeropping im thet district, the
problem of genssis is mad lmportent, If the known
deposit is believed %o hsve reaulied from the heppy
conjunetion of favoupsble opanings and & supply of ore

ny but vary deep-sested origin, the

solutions of unknow
warrant for a repetition sesrch is siumply the hope that
if another %wﬁmm@ opaning is found, some 20re solubions

mey have been availeble, If it esn bs shown, however, that
the source @f the leed ig clogpe nt hapd, perhaps even within
¢he #illysma Sapies 1tself, thot 1% has beon concentrated
duping the foruation of She eonsordumt granites whieh
shapscetorise the distriet, thet the concenirating granite
can be i3sntified and "ﬁ‘i?% the gre tands $5 sceur of sbouwt
the ssme shiratigrechic horizon in clongeisd rupbured domsl
stractures overlyimg $his partievler granite, & ressen for

seapoh iz provided ond 8 fcchnigus suggesied.

It is 83ded thet no sueh meode of origin hes yet
been proved though the present writer belicve it is entirsly
trage-glement and

possible snd ¢ould be tested by know
other technigues,



The scientific search for ore in Auetralis has
arisen in the past 25 yesra, Iits mein succeeses have
resulted from the geolegicel study of known deposits,
followed by dismond drilling. In the past decsds,
geophysical investigation hAs bscowme indispenssble
gnd air-photography is used foy regionel gevloglcsl
mapping wherever possible, CGeovchemdesl siudies are only
noy begimning in Auwstralis but initisl work suggeets thet
this science will add grestly, both to fundarentsl knowledge
off ore genesle &nd to the technigues of actusl seareh,
’a!entﬁm dismonc driliing hss not beem coiapon in sustrslia,
bui there sre iixilcations that ite wse is incressing fairly

rapidly.

At times in the pest there hssg been, in the writer's
opinion, sows undue opiimiem concerning the esse with which
ore might be found ia "fsvourshle sitvuctures™ in aress
removed from known deposits, This optimisa wey bassed,
to sume extent, on & lesck of knowledge of ore-gencsis
and it is belisved ithet Fundemental imowledge in ihis
respect remains tc be bullf wp in the forthooming years,

In particulsr, current work auggests thsi there may have
basn 8 lack of appreciation of the importance of the
depth~factor,
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The writer knows one large company in Australis, which
has ample finsncial and technical resources, but which is
now speculating as to what it ean do further in the sesreh for
bage metals, even though it is quite prepared to spend
money where legitimate chances seem to exist, Its very
energetic programme cerried out over the past few yesrs
hag yeilded rather disappointing results, though the
Company utilized all modern methods of atiack, and the

work wae based, generally, on structural geclogy.

This feeling of uncertainity amierliﬁes the views
expressed by L. C. Graton (1947) thet there is a great
need for fundsmental knowledge coneerning the origin end
localizst ion of minerslized fields or districts, Until
such knowledge is available, exploration is likely to
be initisted with a rather vague feeling of optimism snd
may end up in rueful FSORRIEEYTSTY 1n the long-run, basie
research into ore genesis and localizaitbn, snd into detection
techniques will pay good dividendis. Even if basie
theoreticsl snd field studies merely lead to the
eonclusion that, in ressonably prospected areass, most
mining fields of the vein-and lode-type oceurring within
mining depth of the sﬁifaee have besen discovered, this

conclusion itself will be -valuable.
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As againat this somewhsi negative conelusion, the
work of the geological parties which are Iﬁmking for ore
will, in the futurs, be fsr more sherply orientecd Lowapds
the main purpose than it hses been in the past. Fartivs-of
Buresu-gesiogistg-are-being-squipped-—with-tight-—portable
dismend-dpilley-Snd-prospestions-are -being-atinehed-te
prbios-working -in -8 1ot ivelyr - R sesrohed -5 R06Hr—~—A~t 080
55UEF -0 £-g2von -SRe0D-bF-ER0ups oL -speeislisia-in-vanious
branchen—-of-goological-and-geophysical-seionce-ia-boing
developed where possible, the limiting fagtop_iu-dustralis
st-present-being-isek-o2-trained -2 ff,

Pinally, it must be stated that, in spite of the
wide recognition of the need to find new deposits, tha
actual force being brought to bear on field investigations
and on improvements in technigues is compsretively swmell,

though that force has been expsnded very consideprably in

the past ten yearasa.

Avstralisn mining compasnies generally have been
most generous in supplying informetion for this aritiele and
special thanks are due to ir. M. A, Mewby, Director of
Explorstion, Zinc Corporation Lid., who %93 been
extremely helpful, Wherever possible, the mining companies

referred o have been conaulted, but in one or two cases,
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owing to the distences involved, and to shortage of time,
this hes not been possible, If sny inaccurscies have been
introdueed, this heg been done unknowingly, and without
maiicious intent. Every atienmpt has been mmde to svoid
such insecurscies, which however, tend to ceeur in

a summary of this nature.

Lastly, it is emphasized that the author alone
is responseible for the views expressed in this article,.
The subject of mineral exploprstion is quite coniroveraiasl,
and the idess outlined = partieulserly those of a
speculative nsture -~ by po means correspond, in every given
case, 50 the views of these leading the verious private
and public orgsnigstions whose work the suthor has

sttempted to summarize,

{sgd.) C.d. Sulliven.
23/38/1949.
Canberra, Audrslis,

Herch, 1949,
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