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Lo SUNMARY,

L.Cy Graton (12)* hes recently renarked "the outestanding

unfilled need lyimg ahead is the discovery of new mineralized

distriects®,

in this uonnsetiea.ha gpesks of “"the all-important

standpoint of genetic understandin.” A8 g eontribution towards
filling this need, the fbilawing'paints are here presented for
consideration ie
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That the Cobar Nymegee (NeS.W,.) copper-gold wetallization
is intimately relgted to synchronous or concordant granite
and guartg-felspar porphyry exhibiting strong evidence
of replecement origin.

That the metallizatlion is closely connectsd with the
porphyritiec phase of the synehronous granite, which tends
to Jorm near the top of granitie cupolas.

That the subsegquent, erosscutting Erimeran granije, which
is probably only slightly later in age than the concordant
granite, shows little relationship to ore depositions

That a chain of important ore deposits extending from C.bar
t0 Nymagee occure close to the sxis of a faulted anticlinal
foldg there is good reason to believe that the younger
formations composing this fold are counsordantly granitized,
and that the ore depcsits thus overlle an inverted Ve
shaped mass of granite.

That along this enticlinal structure, mineral fields vceur
in the viciuity of anticlinzl crossfolds and are thus

a8socicted with domes in the sedimentary rocks. There
is evidence that these domes also correspoid to cupolas
in the underlying granite. Jdust as the whole Cobar

field is gssociated with sn anticlinal erossfold, cach
ore deposit within the fleld is associated with g simlilar
minor strueture. It is suggested that these uay
correspond to the position of minor cupolas in the underw
lying granitic rock.

That there is a zonal arrangement of the ore deposits at
Cobar whieh strongly supports the conception of their
origin from g granitic mase which pitches with the bedding,
kvidence is presented showlng the possible vertical range
over which ore deposition has taken place at Cobar.

That some prospecting targets can be suggested on the
basis of the above evidence.

That the metalliferous province is co-extensive with g
particular group of beds and that the meitals have been
concentrsted during the granitization of these beds.
This is suggested by the sssociation of the ore with the
synehronous and not with the subseguent granits and also
by dithizone tesis,

# The numbers in parentheses refer to biblio_raphy at end of paper.
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9. That the Cobar-Nymegee findings have & genersl
application in minerelized districts related to
granitic rocks, @.g+ in the Broken Hill, Kslgoorlie-
Coolgardie and Befigo areas. -

INTRODECT]

: Cobar is sitwmted 464 miles by rail W, H.,W, of Sydney,
K.8.%W,, and is at the head of a branch line from Nyngan on the
Gydney~Bourke railway, It is situated ir the midat of sheep~
grazing countyy, the aversge reinfall being spproximstely 15 inches
per yeapr. The sres is one of very low relief; the broad plain
around Cobar is only 800 feet above pea level. A number of low
ridges composed of the more resistant rocks rise to heights of

100 to 400 feethbove the plain,

: The Cobar mining field was discovered in 1870, since when
production hes been almost continuous, To the end of 1947, the
Tield had produced approximstely 150,000 tons of copper, over
1,000,000 ounces of gold, snd approximately 2,000,000 ounces of

Llver, At current Australlan prices, this produetion would be
valued at approximately £A.27,000,000, Ip addition to this, the
mine at Kymagee has produced some 23,000 tons of copper, and
production from the Hgount Boppy Mine at Canbelego has been over
400,000 ounces of gold.  MNining st Cobar has reeached a meximum
depth of 2,000 feet (New Occidental); three other mines are over
1,000 feet dscep, See Flate C.3).

Three mines, the Kew Cobar, the Chesney, and the Oscidental,
are at present being operated by New Occidental Gold Mines, H.L,,
the rate of produsction being approximately 130,000 tons of ore per
anman, '

The major deposits at Cobar yleld from to 2,000 tons
of ore per vertical foot, and persist very strongly in depth.
The New Oceidental orebody is known, from drilling results, to
extend for 3,000 feet below the surface, without any substantial
chenge in the type of mineralization,

Erevious Invegtigationg,

The district has previously been described in some detall
by E.C, Andrews (1), A.C, Lloyd (19), during the years 1935-1939,
carried out considerable recomnsigence mapping in the Cobar~Canbelego-
Nymagee<liount Hope metalliferous provinee and publiished & mmber of
plans, Hulholland snd Rayner fs&) of the Pepsrtment of lines,
Hew South Weles, carried out further investigestions in 1945, and,
at the same time, the writer, sssisted at various times by lesers,
W.B, Dallwitz, K,R, Fleischman, J.F. Ivanse, E.K, Sturmfels, and
others, commenced sn investigation whiech has continued until the
present time, An interim report (31) on the detailed struciure
of the Cobar mines has been iassued to interested parties and is now
to be pablished,

Two large mining companies, the Commonwealth Buresu of
Mineral Resources, snd the Department of Mines, New South Wales,
are jointly carrying out an exploration progremme in the Cobar
provinee in the hope of finding previously unknpown ore deposits.
The writer is in charge of the Commonwenlih Geologiecsal investigations
in the area and gained his present knowledge &s @ result of these
investigations,

The geochemical work nmentioned in the paper was carried out

under the supervision of V.P, Sokoloff, of the United States Geolog-
ieal Survey, who came to Awmtralis in 1948, under the Joint auspices
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of the zinc Corporation Ltd. and the Buresu of Hinersl Rescources.

The geochemical investigations carricd cut in the Cobar-iyu.agee
province were of g recounaiesance nature and demoustrated thal the
dithizone method (26) of copper detection may be of c¢ousidersble
importance in prospecting.  The results of this and other geochemical
work perfermed in Australia in 1948, are now being prepared Tor
publication. S

i

Plate C. 1 shows, in outline, the general geology of the distriet,
as it is now knowh. The mep has been compiled by the writer from
information gained jJointly by bim end by E. K. Stwurmfels. = Some
observations heve been taken from the geologiecsl maps of Andrews, Lloyéd
and Mulholland and Reyner, and dats supplied by the geclogisis of

Zine Corporation Limited, have alao beem ineerporated in the plan.

The may covers an area of spproximately 2,000 sguere/miles and
only a portion of it is at present covered by ssriasl ;hotography.
Because of the general scarcity of cutaups, mapping in this distriet
is properly regarded by sll geologists acyuainted with it as being
most difficuli; in many parts of the district, air photographs yield
no information because of the éeep alluviation; in other parts, only
faint trend liness are visible. However, elsewhsre, the photograhhy
shows most val .able informmation and large-scale structurel uapping
would be most diffieult withou$ it. The uapping is being carried
out on a soale of 4 ineches to the mile and, on the preseni compilation
{seale 1 inch to 2 miles), it is possible to show only the salient
feat mres. Ag the investigstion is still proeceeding, the map must be
regarded as being enly tentative, Bost attention has been paid to
the belt of rocks in which the Cobar-gueen Bee-liymagee¢ ore deposits
1-;“:, and much informgtion remains to be gathered in the remasinder of
t‘ & arsa.

Although a small properiion of the ianfommatipn has been taken
from other souprches, the structursl mapping is almost entirely uew,
amd the author slene is responsible for the interpretstion of this
dats shown on the sections (Plate C.2). i

Accounts of the general geology of the Cobar-Nymagee District
have been given by Andrews (1) and Lloyd (19), and, as this paper
must be of limited length, the present suthor's wiew of the strati-
graphic and tectonic history of the area are briefly tabulsted belowi-

(a)

Ordovieian, (@) Peposition of Cobar-Nymagee-Canbelego tuffaceous
sandstones {Ly00-6,000 feet), followed by the deposition of a
much greater thickness {30,000 feet?) of tuffacecus muds.

Fo fessil evidence for the gge of these beds has been found, but
it is not impossible thet they cerrespond to the Ordovician beds
found near Tallebug {25) whieh appear to lie on the southern
continuatien of the Cebar-Nymagee belt.

ilurian. The Upper Silurien was warked by the deposition of
the wellle and Ballast groups (the latter lying to the east of
the Canbelego line of lﬁ&ﬁls. The Weltie beds cousist of
fosgiliferous limestone and chert with interbedded claystiones
and sandstone. Voleanie activity was widespresd in Upper
Silurian times and the Baninda voleanies consisting of tuffs,
voleanie breccia, rhyolite and amygdsloidal basalts, interbedded
with fossiliferous sandstones, belong to this period.

{(v)

At the close of the Silurisn thers was intensive
folding on axes trending HNeliefe = Sedels Puping the foldings
high-angle reverse faults developed close to the sxiasl planes
of a number of anticlines. Sauch & fault can be traced almost
continuously from the vicinity of the Cobar township to south
of Hount Gurrl snd shows a close relationship to ore deposition.
Its position has been determined by the junetion of competent
and incompetent rocks,
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(¢} Devonisn, lowsr Devonian times were markeﬁ. by the depression
of the Silurisn beds and the deposition of considepable (but
unknown) thicknesses of sandstones and eclaystones known as
the Ampithentre beds, ‘It is probable that the Alley and
Water Tower beds to the west of Cobar also belong to this
period though fossil evidence obtained to date ig of doubtful
value, The Shume beds (gmrtsites} in the Nymagee-Viirlong
arece may also belong here, At the close of Lower Devonian
time, the Tebbersberan orogeny developed &nd resulted in
folding elong N.E.~S.W. axes, Thie had the effect of
tauding piteh changes in the Silurian folding and aiso canaeé.
buekiing of the exial plane faults mentioned above,

During this time granitization of large nasses of tuffacecus
#ediment s -occurred vhich resulted in the comcentrution of
copper and golcl ma%erials, egpecislly aizeve the high~pointg
. or cupolas of the greénitized moss. ~The supposedly Devon-
ian beds arc not themselves “intruded” by grenite, but, to
the west of Cobar and in the Canbelego area (3) they amstain
' low-grede copper and gold metallization, It Beems thehd,
fhat the lode~shesps were formed snd that the ore wasg
* deposited, at the close of Lower Devonian timés At GCobar
the shears were localiged by the pre-existing fault, but
unlike it, they are quite unfolded, ‘There appesrs to
. have been no large-gcale tectonic disturbonce since the
deposition of the lodes, though this event sesms to have been
followed by the deposition of some Upper Devonian beds such
a8 the Shenandoéh ’oeé.s mappe& by Ll@y& to the sm‘t:h @f '
Shatneton. ]

v, mﬁrmm AND SIGRIPICANCE OF THE GRANITIC ROCKS.

In a previous paper {(30), the author Buggestea tiznt tlw
Cobar orebodies were not genetically reipted {o granite because,
at that time, no granite had been found bear the field and because
a pregional line of wenkness appeared to have had a decisive

- influence on ore localization, Ag a result of the eﬂensian'

of mapping to the Nymagee Dietrict (some 50 miles to the south of
Gabar§ and of the discovery of @ small, previously unpecorded

granitic msa near Cobar itself, it now seems guite clear that

the CobsrsNymagee ore ae;;ﬁsimen is, indeed, intimately related
to grani%e. The former conclusion emphediges thé danger of
confining studies to mines and their immediste surroundings if one
wishes to anders‘hand are genésis and localization,

The grani.tie rocks showfi on Plate €1 ars of two distiketive
types 1= , :

i The granite immediately te the east of E_ﬁfmagee 4ownship 15
.of the synchronous type (30). = Structurally, it geneprally
“conforms to the bedding though in some 1nsﬁ;§ms, ite ’bmxéﬁaﬁes

appear to ¢ross the bedding for a short distance, in most cases,
: alang lines of weakness such a8 Joints, Thig granite auiom@s
in two distinct masses wnich will be deserived geparately $-

(a} The Narther:

~ This mass of raek, althougla #1131 showm an tha plan
as gronite, is by no means homogeneduss It congists, Tor
the most part, of medium to cobrse-grained guerts-microcline
granite; some With sbundant biotite eand some with little
ferromagnesian mineral conbtents Within the granite, and
guite uniisturbed structurally by it, are beds of tuffaeeaus
sandstone in all stages of alteratian to granite and, in some
instances, to granite=porphyry. Vhere the proad fram
Nymegee to Canbelego crosses this granitic range, the author

collected a number of speeimens for fur%her stady. Within
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a single sandy bed, it is possible to observe, over a distance

of 15 feet along the strike, progressive alteration from a
comparatively fresh-looking sendy schiast to an almost completely
granitis rock. Mioroseopic examination by J.P, Ivanac showed
that the sandy schist oonalsts malinly of elongated anhedral
quards grains, with small emeounts of potash felspar and muscovite.
There i8 a groundnass of serieite snd quarts,. The granitic
phase is s quartz - orthoelase - museovite - blotite rock in
whieh a good desl of serisite has been dewveloped by aecondary
proosases,

Several specimens collested from this area, even though
granitic in appearance, are asbnormally high in free slilica
and may be deseribed s partly felspathised sandstones, In the
intermediate stages of felspathization, the alteration is normally
selective to thin laminge within esch bedj; this gives rise to a
11t par 1lit strugtwee.

Within the generally granitized mass, hills of solid granite
are sligned parallel with the bedding of partially granitized
sodiments ccourring on either aide. To the east of the main
northerly mass, discontinuous, spotty, granitization ocececurs.

A number of smsll copper and gold deposits are closely associagted
with this granitization, The major Nymagee copper deposit
cceurs lmmediately to the west of the northern synchronous
granitic mams.

(»)

This mass occurs on the sams strike as the northern one and
oxhibits similar replacement charscteristics; texturslly, however,
it is a good deal different. It consists of perhaps 70 per
cont granite-porphyry and sontains large phenoorysts of guariz,
orthoslase, and mixocline with some blotite, in a fine groundmass
of quertz and felspar. However, throughout the mass, the
porphyry is found te ?aﬁo inte medium-grained gratite whioh,
in many instances, either sontains dark bands parallel to the
bedding found near the boundaries of the granitic mass, or is
®*interbedded" with astual sediments - now mainly quarts-sericite
schist, This mass thus exhibits the eloae field relastionship
which exists in this area between granite and porphyry. he
nature of this relationship will be discussed later, as it appears
t0 be intelligible only after the struecture of the district has
been understood. The peint it is desired to maeke here, is
- that the two msesses of granitic reeks occurring imnediately to
the cast of Nymsgee exhibit strong evidenge of replacement-origin
and generally confom closely to the bedding of the surrounding
rooks. These granites may have been fomméd in the position -
in which they are now found (30).

(e)

In the vicinity of Wirlong and shuttleton (rPlate C.1) two
small outerops, varying from guartz porphyry to guarts-orthoclase
porphyry and ertheclase porphyrys occur. At Wirlong, chalcopy=-
rite ore has been mined from a shear zone oecurring within the
porphyey. In the viclnity of the mine, the "igneous" rock is
approximately 700 feot wide snd the western 200 feet containe
munh evidense of former bedding strueture, In the field this
rook was called "porphyritised sediment®,

At Shuttleton, ¢opper ore has been mined from slates, in
close assosiation with a small maess of gusrtz-felspar porphyry,
showing evidense of replagement and granitigation,

Reaently, as a result of infomation supplied by C. St. J.
Mulholland, weathered granlite and granitized sandstone was
discovered on the dumps of the old Cobar Lucknow shafts,
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situsted 6 miles esst of Cober (Plate C.l), Where gold was
mined over 50 yeirs 8gos . It Was not possible to inspect

the sctual ccourrence.undergrounds

“. ... THe Ertmeren grenite, shown in the southern part

of FPlate C,1, is in ihe writer®s opinion; & good example

of & subséquent gronite (80). It is & cross~cutting,
trancating, type and it must have extended to & siratigraphiec
horizons much higher than that reached by the topy of the
synehronous gronite ctourring to the east of Nymagee.,

1+ doés not contain the bedding remnants end replacement
characteristics of the Nymagee graniie, but is messive and
more or less homogenesus,  Host importent of all, from the
point of view of the present study, it shows 1ittle relatione-

ship to ore deposition,  Similar remarks apply to the

-mopped portion of the UGilgunnia granites
() o

Queen Bee Granite~Porpiyrye

: . Two interesting plugs of granitesporphyry oulerop
approximetely 1 mile south of the Queen Bee Mines  These
heve transgressive boundaries and show little indication of
replacement or gronitigntions  They @ré not immediately
releted to any known ore depositlion and may perhops be
@esoribed &s amall granitic masses of & subseguent rather than
& synchronous (30) types ‘ ' '

Sig nl‘f.zécame;sf Types of Bathylithe.

~ In & previcus paper {80} the relationship between synchrone
- -ous and subseqguent granite bathyliths has been examined in some ,
detail, Brieflys the sprgument is that if the foprmation of
granite be regarded fig & process of 8lteration leading from

sediments to schist, thence to gnelss and granite, the deposition
of oré would be expected towards the closeé of the period of granite
- formetfion and would show & close relationship to the distribution
of granite which had not moved after its formations.  The synchron-
ous type of grenitic bathylith is held to correspond to this case,
if, as postuleted by Dumn (6); the granite may subssquently become

- magmatic and move to higher horigong, it would form corossculting
pathylithe which would not be expocted to show the same relationshiy
to ore depositions v B .

: The work st Cobar snd that at Brock"s Oreck {29) strongly
suggest that a recognition of the verying slignificance of granitic
ot crops is of first-rate importance in the geaprch for mineralized
distpicts. ~ In the future, regiomal structurel studies should be
Iinked with the study of the distribution of synchronous granitic
MafLes,. S , » , o -

: : A congideration of the difference between synechromnovus-
and subpequent granite may élso help to explain meny sapparently -
anomplous relationshipss  Thus, at Spargo's Reward Gold #Mins
(28}, 28 miles south of Coolgardie, the writer found that pegmatite
dykes cut the gold-pyrite-apsenopyrite replacement orebodies and
seem the surrounding rocks, = Obviously the pegmstites are post
ore and they have very 1little effect on the depositss  Ellis (7)
noted the same phenomenon in the Yjlgurn gold<tield andg, parily
on thie basis, concluded that there were two perlods of intrusion,
but that both originated in & common "magng chepber®s . . Ellis
{74 pe 14) states e * e ‘
| "The extént of the granite showa on previcus geological
mops hes been considerably reduced, and some Of the gnelssic
. yooks of grenitic composition have been recognised as migmatites

”
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and replacement gneisses; these latter rasulting from
- the process of ragional granitizatian.

"The intrusive granite whieh has been assumed
to have provided the gold-bearing solutions, is a
medium-greined usually non-porphyritic biotite granite,
probebly iatruded during two periods of intrnaion, but
having its origin in a camman magma chamber."

Mptheson and Hobson (23, p.22). speaking of the

seme erea, state however 3=

. "In this rererenee (Ellis), 1t is concluded

-tnat there are probably two periods of granitic intrusion,

. but 1t 18 not beyond possibility, that one period of
granitic intrusion could have produced the seme resulis.
The grenite which is responsible for the auriferous quertz
was intruded simultansously with, or subsequently to the
folding.  The regional granitization of the country was
brought sbout by the intrusive granite wewwww

e
b

- "Numerous instances or pegmatite dykes intruding
- suriferous quartz reefs, and pegmatite dykes occupying
faults which have aisplaceé aufiferous quartz reefs, are
recordeds ‘Whether or not this is evidence for two périods
of granitic intrueion, is problematical.”

The present writer ventures the opinion that the

. gonflict of ideas indicated here arises from traditionsl think— :

ing regarding the origin of granite. The formation of BEllis'
migmatites and replacement gnaisses probably came first and wes
accompanied by ore deposition, - -Subaequent mobilization of
portion of this material and its upward movement under tectonic
pressure is evidenaed by the intrusion of gold-besring lodes end
reefs by pegmatitiec dykes. These dykes are conspicuous by the
fact that théy do not in any wey affect ore deposltion.

' There are numerous exemples of similar relattanshAps
in verious parts of the world.

Y. ,GE@LOGIGAL STRUCTURE.

As emggasised pravicusly, the present knowledge of
the geology of the Cobar~Nymages erea is incomplete, and, largely
gnlﬁccount of thﬁ aggreitgloi agtcggpaa may remain so for quite
oweyer ate and the three accompa
aeetions Plate Ce 2 1ﬁdieate séme broad relaticnabiggpwggtgg

seem to be indicated,

: Anticgagg. The two masses of synchrone

“ous granitic material lying to the east of Nymagee occupy the

‘axial position of an anticlinal fold which has been traced contine-
uoualy from Cobar, Most of the Cobar orebodies occur close to
e discordant (faulted?) junction between slaty and sandy rocks,

. which 1ies a little to the west of this anticlinal axis. The

eross-section A«B (Plate C. 2) illustrates this relationship.
The anticlinab axiel plane and the faulting associated with it, .
both of which are believed to be of Silurien age, have been folded
{probably at the time of the Amphitheatre - Lowewer Devonian
orogeny), and it is believed that the Queen Bee-Nurri iine and

the Cobar 1ine (Plate C, 1) are really continuous, being linked
by a fold which occurs to the south of the Peak Mines, The

. persistence with which ore occurs along this faulted anticlinal

axiel plane over & distance of approximately 25 miles is guite

- remarkeble and renders it a valuable guide to prosye¢ting.

.The reeson for the localization of the ore along
this 1ine is suggested on the two oross-sections and on the



longitudinel section (Plate C, 2), On the latter if is
~ postulated that the concordant granite to the sast of Nymagee
forms en anticlinel ridge which pitches beneath the Cobar-Nurri
ore 1ine. - Ths evidence for this assumption is as follow@ kL

e . The granitic masses to the: east of Rymagee oeeupy
. .-+ . the ssme anticlinel fold in whieh the Cobar«Nurrd
deposits ocecur,

2 . ALl availsble piteh information 1ndieates that the

_ - granite has repleced stratigraphic horizons lower
‘in the sequence .than those in which tbs Gabar-Nnrri
deposits ceaur. -

=T  The granite ia quaattan, where it hes been mapped,
. econforms ¢losely to the bedding of the enclosing
sediments and can logically be expected to do-so
wbere it Qoes not outerops

Lo "Up to 8 miles north of the meet northerly outerop

: . of the Nymagee synchronous granite, patches of ,
gericitized rock, similar to those sssocisted with
granitization to the southward, ovcur close to the
axial pmne of the anticline. (Piate C. 1), :

" S5¢ - Two plugs of granitic porphyry autcrop approximately
- -1 mile south of the Queen Bee Mine, exactly on the
same enticlinel axis along which the Nymagee concorde
ent granite ocours, but 27 miles north of the most
northerly outerop of this graaite. :

6o - The grenite and grenitized seﬁiments recantly
. discovered at the Cobar Lucknow Mine, 6 miles to
the east of Cober, sre significant és shgwn on
" Seation A~B (Plate €. 2).

7¢ -~ The eappar-gold mineralization at Cober 15 very
- similar to thet closely assoc¢liated with the syachren—
ous’ granite at Nymagae»

As shown on the plan and longitudinal section (Plates
C.1, c.z) ore does not ocour haphazardly slong the anticlinal axis,
and, the 6obar field for example forms & very distinotive unite
The piteh information collected to-date indicates that the piteh
iines of the bedding aecross the axzial plane of the anticline are
as shown on the longitudinael projection,  The axes of change of

- piteh trend approximately 50 degrees magnetic, and are closely

‘associeted with folding of Amphitheatre (Devonian ?) age. The
- amphitheatre anticlinal eroas~fold impiaging on Cobar is a major-
feature which, mepping by C. St. J. Mulhollend (Department Hines
+ NySeWey Min. Res, No. 39/1940) suggests, persists for 80 miles
southawast of Cobar. The mineralize& fielés oecur nlose to the

that tnese demes aorrespond to0 the pasition of eupelas (8, 9, 29)

“in the underlying concordant grenite. Avress overlying these ,
are welleknown as being favouraeble for the occurrence of ore deposits,
The essoclation of minersliged fields with dome~like structures

48 held to apply et Cobar, Queen Bee, Nymagee, Wirlong, Shuttleton
and, probebly, at Cenbelego., = The N, V¥,-S5.Bs ealighment of the

~ Shuttieton, Wirlong and Nymegee mines (Plete C, 1) is quite etriking.

' A very interesting fact is that the 1naiviaaal mines
at Cobar have long been kaown to be associated with "bends" or
folds in the discordant contact between siaty and sandy rocks, the
folds being in the nature of eross~structaresm_ These relatione-
shipe are illustrated in pland” on Plate C.3..  This aross-falding :
is accompaniea by &n anticlinal ehange of pitch « e,ge to the nortih

~
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of the New Gobar Nine, the piteh is 50% - &99.. gouth but in the
vieinity of the main sheft, the piteh is steeply north to No., 3
level, then approximately 80° scuth to No., 9 level (31). A
steppening of the piteh was alse mapped at the New Oosidental lilne.
Thum, in effect, each mine at Cobar is a repliga of the whole field
and may overlie a minor cupdla in the southwpitehing flank of the
najor ﬁgxﬁh which, it is postulated, underlies the Cobar field
(Longitudinal Projection, Plate c. 3).

Fopmgtion of Channelways.

It is not desired %o imply that this is the full "story" of
ore localimation in the Cobar mines, The presence of favourable
epenings depending on the well-known factors of lode dip, intersect-
ion of alwars, type of reck intersscted by shears,; ete.,; governs
the detsil of ore distridution within the various mines. These
factors have been intensively studeid ¥ hy s number of investigators
whose work is :La,»gﬁf snpublished. The present writer has written
an extensive report (31) on theme &etails, which is aspcompanied by
plans of all levels in the asesssidle mines,

Pigure I, pe 10, shows the writsr's interpretation of the same
develapment of favoureble openings in the New Gobar Ninss  The
same pair of forces (of Devenian age 7) which caused the buckling
of the diescordaent (faulted 7) contact of Silurian age, gave rise
to the development of two sets of fractures, one set trending parall-
el to, and being localized by, the nopthescuth portion of the discord.
ant eontact, the other, of a tensional type, being parallel to the
north-wost - south-east trending portion of the senitaet., Both
seotions of fractures tend %o pareilel the Silurian exial plane
cleavage, whieh has besn bent in the visinity of the later folds,
The intersegtion of these Ywo sets of Lractures, which pitches
steeply northward with the pitoh of the oreboedy, has given riese to
a pipe~like mass of fragtured roek which was faveourable fore replace~
ment. The mineral grain elongatiow” also pitches with the ore-
bodies and epproximately at right %u to this, & large number
of tension joints have bsen developed.

Ore tends to form on the more flatly dipping portions of the
lode shears, in which movement hes beeen of the reverse type.
These are unproductive in sandy tuff but have been highly productive
in slaty rook.

- The empiricel strustural approsch would tend to accept these
various factors as sufifielent in themselves 10 explain the occurrence
of an orebody, but it ias contended here that the broad district
relationaships suggest otherwise and thet the piteh changes in the
vieinity of the mines slossly duwpligate, on a small seale, the broad
domal structuss found to influenes the occurrence of the minersliged
fields themasclves.

The possibly vital significance of antielinal piteh changes will
be further discussed in the chapter dealing with the spplicstion
é@aﬂm fields of the conoepts which are considered to apply at
sobare

\

# Binoe this paper was written, the author has seen a paper by
H.Qods Conolly (Aust, Inst, Min. and Met, Proc., N.8. No. 143,
PP,156~387, 1946); in whisch the yole of clengated pip-like masses
of rook in the loealigation of the Gobar orebodies is emphasized,
The Cobar orebodies do piteh with the mineral grain slongation,
which however within the lode shears, is not usually parallel to .
the piteh of the folds in the bedding, but t0 the direction of
movement within the 10de shears. wa Fairbairn, HeWep 1942 3
S8truetural Petrolegy of Deformed Rocks, Addlson~Wesley Precs,
Cambridge, Mass. pp. 79, 9L-96).

This paper is typical of the eurrent empirical structural approasch
to ore~finding. :
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Vie HYDROTT ielAL DEPTH=-20N810G AT COBAR. .

A zonal arranw@ment of the Cobar crebodics appears to
constitute o rather striking confirmation of the structural
end genetic interpretations glven above. ~ The salient
features of this zonlng, together with their possible
3nuer§retation are shown on the longitudinal projecﬁion .

Plate C.2)e On mineralogical evidence, there is & gradusl
fall in the temperature of ore deposition from north to south.

The Great Cobar deposit {preduction E,AG0,0GG tons of _
ore; 2.8 e cent copper, l.4 wt. gold, Gepth 1,500 feet
contains quartgz, pyrrhotite, magnetite and chalcepyrlte.

A silicate minersl, tenatively regerded as ekmanite, was
recopded by Andrews ($)+ =~ The depasia; is of the high -
temperature type and helongs to Jindgren's hgpatnermal classe
The next important deposit going south is the New Cobar
{produetion 1,000,000 tons, 5 dwt. gold, 1.k per cent copper,
depth 1,270 ft Ve The main gangue miheral is quartz with
minor dolomite and ealelte. The sulphides in order of
sbundance are pyrrhantite, chaleopyrﬂte, pyrite, gal&na,'
sphalerite and bzﬁmuth sdphide, :

The Chesney deposit (production uﬂﬂ,GOG tons, 2.5 vt s
g0ld, 2.5 per cent copper) consists of quartz, dolomite, '

. pyrrhotite, and chalcopyrite wﬁth minor galenag sphalerlte

and gmld

Both of these degos&ts may be CIESSifieﬁ a8 nypatharmal
though they are of g lower tempersture type than the Great
Cobar and do not contain appreciable guantities of nagnet*te_
or of the ailicate minerals e.g. ekmanite.

. The New Ocecidental deposit (profuction 1,600,000 tons,

540 dute gold; depth 2,000 feet) is in marked mmaeralogleal

contraet with the minecs deseribed above, - The ore consists
of mainly fine-greined quartz containing relatively small’
quantities of pyrite end pyrrhotite with minor chalcapyrite‘
galena; sphalerite end golds The fineness of the gold is
approximately 840 (10).  There is not enough copper present
to interfere with gold extraction by cyanidation, The depesit
is considered to be of the mesothermal type.  Drilling
dndicates that essentially eimilar opreg peraiﬁts for 3,000 feet
below the surface.

The deposits in the Pesks Ares consiat mainly of sheared

slate and sandstone containing pyrite, together with gold and .

silver,  Disseminated pyrrhotite has recently been obtained

in diamond drill cores, From the records, it was found thabk
the average fineness of the gold cbtained by amalgematzan was
approximately 600 (10), The area is relatively rich in silyer
the Blue, Brown gnd Congueror lodes having produced « in
addition to 19,000 ounces of gold - 236,400 ocunces of silver
from 26,000 tons of ore treated, sn average of 845 0z. silvep
per tone One parcel of 483 tons from the Peak Silver Mine
averaged 26 0zZ. silver per ton. It is considered that the
Peak area. mineralization is epitherman to mesathérmal in type.

Low-grade concentrations of coppar, lead and zine have

also been found in the Pealts ares, bubt toe-date, gold and silver

production have predominated. Geophysical findings, at
present belng tested; suggest the hope that overlispping of
témperature zones has allowed the deposition chaleopyrite«

pyrrhotite ore within mining depth, but it is not unlikely

that the Pegke is an example of a very fine siructure, containi
ore only at considerable depth (Plate G2)s



It will be noted thet the zonsl arrangement of the Cobar
ore Gepesits, fits in u.z*i well with the coneeption of the south
itoh of the field and with the idea that the ore has been
iuyﬁ;?sm within sertain beds at a relatively constent distance
tvﬁ? a consoxrdant granitie mass {(Longitudinal Preojection Flate
Ge2)o :

The projection also suggests that the whole renge of Gobar
ore deposition would smount %0 approximately 350,000 feetj
this is an interesting basis for comparison with the ranges
suggessed by L.C. Graton (11), who thought that ore depesition
might take plaes over a total vertic¢sl range of some hundred
thousand feet. It is to be expected that this range will vary
from fisldd to fisld, depending on the local struetursl, chemlesl
and Semperature-pressure sonditiens,

The evidense at Uobar, strengly suggests that at a structur-
ally favour able position, sush as The Feaks, the present oui-
umvginf leposits would be sugsessively underlain by orssof the
Yew Ogoidentaly Cheaney, New Jobar and Great Cobar types,
Unfortunately, $he depths %o whieh mining gan be economicaily
undertaken are limited, and this is ons of the impoptant factors
handieepping the mining geologist as gempared with the oil geologist

Lleyd {19) has made partioular mention of the glose association
whioh existe in the (obar-liymagee provinse betwesn granitic
yavghwry and ore, in some cases, 0.g. at Mt, Hope (19) to the
south of Nymagee, and at Wirleng, eopper oceceurs in porphyry,

This has led to a consideration of the possibility of the discovery
in this distriet of “porphyry copper" deposits of the Utah and
Nevada types.

in many guarters it was assumed that the monsonite stooks
of the South Western United States were the direot soures of the
metals sontained in the “porphyry coppers®, Kongonites were
assumed to be rich in copper owing to "magmatic differentiation®.
Kowevsy, after gareful study, C.D, Hulin (18) coneluded that at
Ely; Neveds snd st Graass Yalicw-; ¢alifornia, for exumple, the
minsraiigation was later then the wonzonite stocks and had been
derived from some underlying source, The stocke had merely
::ﬂﬂd' a suitable structural environuent for the loeslization of
) 0@

~ This hypethesis was tested to some extent by the present
writer at Wirlongs  Here shaloopyrite occcurs in two faults or
shears, situated within a bvand of porphyry 700 feet wide, which
has been traced, at Lutervals, over a distranss of 3 miles,
Eleven ples were sut across the sirike of porphyry im the
vicinity of the mine and were tested by dithizone (20, 26) for
copper content.  This peagent is believed to be capsble of
detecting, under the eonditions of the experiment, the presence
of 0,02 parts per millien of extractable e pperj howsver only
three samples, all of them in or near the known copper-bearing
shears, gave positive tests. '

These results indicate that the porphyry itself is relatively
barren of copper and eentains only the metal which has been
;ntr:m:aﬂ after the fopmation of the porphyry and its subse uent
raesurings

It is considered that the relaiionship between porphyry and
ope in the lymagee district is to some extent explained by the
lenglitudinal projection and by the eross-section from Nymagee 1o
8huttleton (Plate C,2), The lengitudinal prejeetion shows that
the mass of porphyry, granite and granitized sediments, outappping
to the southeeanst of Nymagee is close to the top of & theatre of
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granitigat ione gimilarly, the cross-section indlcautes
that the Wirlong and Bhuttleton porphyries cesur at, or wzbove,
the tops of cupolas. The asscgiation of ore with the tops
of granitie cupolas has been stressed by Emmouns (8, 9) and
has previously been discussed by the present author.

Origin of Replacement Porphyrigs.

The abundange of replacement textures and the general field
relationships of the porphyries oecuring to the south-east and
north-east of Nymsgee, suggest thet in these localities, the
porphyries were fomed practically in situ and this elsc applies
to the Wirlong ocsurrence.  Lloyd (19) has described the
%I nterbedding” of porphyry with sediments in the Mount Hepe
distriet te the south of Shuttleton. Backlund (4) has suggested
that small grenitic spophyses form towards the margine and over
the top of granitized masses; partly owing to the presence of
the sbundant volatiles which are held to coliect in these areas
during granitization,

Baskland (4y ppe L14=115) writes as follows i=

"The gueation of the formatien of minor grenitie intrusions
may aext be previewed, All previous inveatigations indicate
that the metsmorphism of sediments is attended by an important
lo8s of volatiles and their compounds w=-= the higher the grade
of metamorphism the more gomplete is the loss —ww~- when complete

anitization is effested the wvolatiles are vigorously expel ed
‘rom the granitized rook,; the final rock, the "nomal™ fresh
granite, containing only smaell quaniities of the volatiles «wwew,
Conseguently, in front of the theatre of granitization a “cloud"
of velatiles is concentrated.

"There are three affects 1o be expested from this state of
affairs, (1) The marginal gwt{s of the granite in statu
naseendi become enriched in oceluded volatiles (including HoO);
the "intergranular £ilm" becomes significant, and the granite
becomes more and more like a liguid in ite behaviour although
still at a relstively low temperatuse. (2} The tension in
the rocks sbeve the granite steadily rises and thus prepares
the roof for injeotion by the expansion of fissures and Joints,
(3) The pressure within the upper part of the reglon of granitizat.
ion becomea a hydrostatic ene pari passu with the increasing
liquidity of the granite. These border conditions ereste extra
steop gradients of energy differences (£T), which favour a
particularly rapid asdvance of the "granitization front", so that
small "intrusions® are fommed at the higher stratigruphical level®,

Aceording to Barth (5), the solution of water in molten
rock 1s an exethermal reastion, The high bask pressures of
volatile materials existing at the top of aress of granitisation
might foroe a certain smount of waier back into the partly
1iquidfied grsnite, thus scausing a rise in temperature; in some
cases swificient to completely liguefy small portions of the
newly formed granlte. These high temperature fractions would
be suitable for forcing their way through the weale st sections
of the sediments overlying the granitie cupolas. On resching
a region of lower pressure, the swlden eacape of the occgluded
volatiles would cause a rapid fall in temperature, resulting in
the fine-grained groundmass of the porphyritic rooks. This
supplies a posaible explanation for the origin of the smmll,
tranagressive plugs and dykes of porphyry.



The evidence seems to suggest that during the process of

ranitizations there forme above the susolas, or high points

n the granite, an accumulatien of volatile materisls, and

siso of the metallic ions which have not been acceptad inte

the opyatal lattices of the granite-forming uilnerals. The
"hydrethe rmal solutions® thomselvas have small penstrutive powery
however; and always require the pressnege of channelways, belore
they are sble to move, This is a metter of comuon experiencos
"iagnatized® granitic materiul 15 more capable of fosing ite
way through the overlying reek and in so doing, prepares the
way for the ascumulsted “hydrethermal solutions®, Furthor, 1%
seans Jikely that the agensies which cause granitiszation muat
themeelves have consideprable penetrative power ad oompared with
"hydrethermnl solutiona™ gnd in seme gaees; e.gs at Wirleng,

it appesrs that ﬁ&egﬁw have gng&m& above the main theatuve
of granitisation, what may be salled a ehannol of poprphyritization,
through and around whish, gemerally after seme fulther movement,
the damned up "hydrothetmal solutiens™ were sdle to sscape and
deposit their load of metalas  The words "$hrough and sround®
are used because at Canbelego (3) snd at Shutileton, the ore
ocours near the sdge of perphyritic meanes, Frastured or
brescinted ;gwphw ies are meat likely to gontsin disseminated ore

minerals; be massive, unsheared porphyries aere likely te be
barrens

In general; it ias balieved that the msseociatlon of ore with
porphyritie rocks has net bpesn fully undersiecd snd warrasnts
eareful study,  The asscelatien is of considersble seonomic
importance in Awstralis; particularly, perhspsz on the Weat (oast
of Tasmunis, where major ore deposits ere sgumonly asscciated
with roeks of this type.

Fomsibly, the prospecting value of the relaticnships between
ors ocsurrence aad cther geologiesl factors deseribed in precsding
chgpteras is indspendent of the ultinmete souree of the copper and
g0ld at present found in the oredodies. Wevérthelessy this
question has conslderable eceonomie importunge,; a3 has any evidente
which may lead te & hebler unlerstanding of ore genesis. This
basie understgniing is essential to a true assessuent of the
profpecis of future discevery, an eesesswment, whichy it is
submitted carnot bs adequately wmade on the basis of gesent
knowledge.

it in s sted then, that eerper and zold may have opiginally
been dispersed in the younger formations ¢f the Cobar group
which have now been genveried in granite. Thimis suggested
by the followliug evidonee :»

i, The Cobar-Kymagee melsilifereous provinoe is a very
distinctive onep eontaining, for the mest part, copper,
golds or eaipw-ma deposits, It is go~extenaive
with a pariieular group of beds,

2+ In particular, the available ovidenve indicates that
oniyv nly eertalin formations hegve been csonverted into granite
16 a8 tlwse were deposited under similar conditions
and, incidentally, during a period of velosnie
aotivity); they would be expested to have somewhat the -
same trace~slement eontent.

5+ The cre is assosiated with the concordant granite and
not with the subsequent, oresd-citting granite.
is 19 to be expested if it is consoluded that the
syaghronous granite formed in ite present position and
if the metals were previously dispersed in the sediment:
from which the granite was fomueds it would be g¢



the time of formation of the granite that Lhe svcewivlabe
ion of metale would take plecey not afier the subsequent
mogmation and movement of the graniteés if t+he praunite
reprosonted nsterial couing from unioown depthess briaging
the ore with 1%, no special relationshiy between ore '
-and type of granite would be exptcted {30}

s Buring the course of reconnsissance goochenmicel testing
in tho Cobarelynegee Gistrict 110 semples were Sshken
- of which 89 represented materisl of sedinentary origios
- mainly from the Cobar-fymagoe grovps and 21 were from

granitic rocks {grenite and porphyryls Apart from
- the thres positive samples toben near Lode-shesrs in the,
- Virlong pprphyry, only ono sample of biotlie-musecviie
gronite gave & very faint positive test aftor fusnlon,
a1l other samples giving negative results for coppers
Thus § of 21 gsamples, or 15 per centy of granitic rocks
gave pooltive tests Top coppers - This wao in spite
¢f the faot thet granitic camplés were First teasted
by leaching with dilute 350, then tested aftep ronsting
anfy Tinglly after fusion. — OF the somples of sedinmsnt
&4 per cont geve positive tosts fop eoppors 3% i85
not by any neans elaimed that the above festing 18
- eonclusively as the numbeér of samples teken wus relative
iy saelils —  However, the results indicate that the
granitic procks are not pleh in coppér, and relher
suggeat that the copper of the orebodies wuas fopmerly
- dispesed in the tuffacscus solimentery rocks and wes
eoncentrated during the granitization of the sedinuiioe

~ ‘This gives n logical explenation for the Securrente of mebaolle
ifercun provintes vhich are usually coeextensive with certain
granitized sedimontary or volcanie rotks (s.gs the Western
Austrolian gold provines 18 practically co-ogtensive with the
‘greenstones, of with nreas where grecnstones may logically e
inferrod to ve present below obhercks) and also implics the
possibility that in arecs such a8 the Broken Hill District, where
ah isolated orcbody cocurs in e distinetive group of rocks {(the
Villyons Series)s thoprc 16 a change of Linding other orebodies
wherever this porticuler group of rocks exientos provided othey
conditions are favourable, ‘

#  Singe writing the dove, the aubhor has peceived a

- eetmunication from W.0. Garbutt and Jed» Burais of Eorthern

Bhodesiey in which they Bupply extensive evideuce for the

pro=gupper age of the Rhodesion granites, ¢ vhich the ore

- has proviously beécu atfributedy - The extensive work of these
geologists indicates & ﬁyagane%m opigin fopr the sopper of the
region gnd hence, suggostey that the existance of sedimenBary

beds® for copper i8 not unlikeldyss

_




- In gecodrdance with tﬁa-pﬂineipai/puap@se of this paper;
attention will be directed mainly t¢ the possibility of
utilizing the geological relationspips described above to find
other fields of the Cobar typée | The factors governing localizate
ion of oye within the Cobar field iteelf have been discussed in
previous reports by the writer (31) and by others (24) and the
~-@xploration of this rield is now being vigorously prosecuted.

, The most obvious locus of metallization so far mapped is

the axis of the Cobarwihymagee asnticlines A g result of
geological mapping, geophysical investigation of this axis from
the Pegk Hinés to a 1ittle south of the Queen Bee Mine is now
procesdings OUwing to the presence of nagnetite and pyrrhotite ,
in meny of the orebodies,; the megmetometer has proved cxceedingly
ugeful in the Cobar Districte  Self potential, and gravimetric

- methods have also been used with waluable pesulise Geophysical’
 davestigation bas; to~date, proved the most useful methed of
localizing drilling targets within sreas, in may cases extensive,
suggested as being favourable on geological grounds. L

- The regional plan (Plate €s 1) and the longitudinsl section
{Plate G@laf suggest howsver that slong this anticline an area
of maximum interest is centred approximately twe miles south of
the Nupri Trig Stetions From Plate Ced, 4% will be seen that a
comparatively large cross<fold, similar 0 the smaller folds which
- localize Ore deposits at Cobar, occurs in this regilon, 1t is
gonsidered that this is an gntilclinal c¢ross-fold along which the
Baal Gammon and Boppe (Canbelego) mines cceours The Canbelego
deposit- has been relatively imporitant (production over 436,000
ozge g6ld) and the intersection of this fold with the Cobar=Kymagee
anticlingd axis must be regarded on geological grounds as a good -
prospects Reconnalssance mapping has disclosed the existence
in this region of a o nsidersble number of guartz reefs and gossans,
but there is a larpe soil cover to the south of the cross~fold and.
the area would be difficult to prospect by ordinary means., The
area of interest will be mapped on air-photographs enlarged to a
scale of 4 inch to 400 feets = This mapping will guide subsecguent
investigations such as geophysical and geochemical studies,
Prilling of promising areas would follow. - : o

. Geophysical techniques are well-known and have proved theipr
worth, Dbul geochemical prospesting though showing very considergbls
promise, is atill in a developmental stage.  However, the Qithis-
zoné test for copper is very satisfactory and it is possible for

a single chemist to maoke up to 60 field tests per days  Reconnw
aisgance testing of soils and rocks strongly suggests that there
is a regional copper snomaly in the country rock of the Cobar -
£isld itself and, if this is confirmed by more detailed work,; the
testing of areas such as that south of Nurpi Trig Btation by dithi-
zone Should yield most walusble direct evidence of the favoursbilit;
or otherwise of the area for the occurrence of coppers It was
found also,; during preliminsry testing in the Cobar-Kymagee distric
- that the dithizone tests will probably be of ¢considerable assgisianc
in the interpretation of various limonite products in lesched -

~ In addition to the Cobar-Nymagee anticliné, the Wirlong and
Shuttleton folds are worthy of fubther attention as is the anticlin
to the west of Cobar,; mapped by B.P, Thompson @f Zinc Corporation
. Iimited,  As indicated in section A-B (Plate €.2), the cutcropp-
ing rocks here are unfavourable for ore and they are only weskly
mineralized even in favourable areas = e+gs at Canbelego (3)s
However, aleng parts of the Western Anticline (as the anticline
to the west of Cobar is called) there are interesting eccunulations

-~
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of messive dark borown %0 lgok limonite, underlain by leached
sanfstone. Thess limonite cuterops eontain no veids after
sulphides and do not represent the cuterops of sulphide lodes

of the Cobar type {(i.e, they are not true gossana). However,

- they may indicate aress of wesk sdphide minerslization, overlying
ore deposits in the favourable Cobar slates which should ocecur
below, Dithizone tests indicapbed that, in and around one such
limeonite sscumulation, there is a .arked coagentation of copper.

There is thus a chaunee that the Cobar field is repeated
et depth below the western anticline, but suggestions as to
whether i% would bve likely te¢ ooeur within rsnge of mining must
await further peological and geophyslical evidence.

The mapplng to-date has been most detalled in the vicinity
of the Cobar-~Nymsgee, Shuttleton and Wirlong gnilellueca and the
present paper 18 largsly en examingiion of the first-mentioned
gtructure, However, ithere la a aunber of other ore-besaring
lines in the dietriet e,ge the Canbelego anticline, and sech
of these warrant s thorough search. *ogpectors with considerw
able kKnowledge of ore oceumrense have combed this distriet
falirly thoroughly and the modern mecientific prospector has no
easy task ahead of him, The results obtained at Cobar to-date,
indieoate however, that with patience, skill and luck (still an
impertant fac.or in prospeeting) there is a good ehance of finding
new deposits of worthwhile dimensions.

Attention naaagreviausly been called by the writer
(3@x33% to the possible importanse of the application of these
eonnepts Lo the Broken Hill Districi, K.8.4. where ore ceeurs
in an elongated sheared dome in an erea of synchronous granite
igation, The basic ehange in epproasch from that generally
ascephed, is inhwrant in the postulate that the lead-zine lodes
are one of the resulis of the re~arrangement, during the process
of granitigation, of naterials already existiug within the
Wiliyama Sepriea, it is counsidered that the whole of this
pseries, which, according t¢ existing maps, crups out over sn
area of approximately 2,000 sguare miles, \should perhaps be
regarded as a potential soupce of lead and sinc deposits.

To teat this hypothesism, it would first be necessary to
study gecehemisally, the distribution of minor elements,
particularly lead asnd zins, in the rocks of this district.
If uvnusdklly high quantities of these elements apre found, particul
arly in gertain sedimentary or voleanie beds as compared with
the granitiec rocks, valuable confimatory svidensce of the
hypothesis would be gained, The informetion gonserning the
déistribution of the ore~elements in the various boriszons would
also be most vuluable from the viewpoiant of prospestinge

vl

In writing these notes, the author is fully awars that
others have far greater knowledge and experience of Breken Hill,
Kalgoeorlie and Bendigo geology than he has, and that iunformation
may be known to private companies which lnvalidates seections of
the published maps.  The comments throughout this paper are
based on available information and are made in the belief that
basic knowledge of ore~genesis, which will ultinately be of greut
economic importance, remsins 10 be discovered, = Any new
interpretations are suggested in a spirit of sclentifiec engulry.

i
\
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If the evidence obtained frem the geoehemicul work ‘
was satisfactory, the oil-field approach could then be applied
to the distriet, This would involve the elucidation of the
stratigrephy, witi partieular reference the horison which carries
the present lodes and o0 any horigon previocusly found to be rich
in lead and zince Geoohemicsl methods would be used 10 sample
these horizons throughout the district, The gecchemicanl work,
in eonjunction with ordinary field mapping and microsgople study,
ahould alsoc provide vsluable date for the correlation from place
to place of the various stratigraphic horizons. At present,
on agcount of intensive foldiug, shearing snd faultiug, this
i® guite a diffieult task on nany mining fields = particular where
ros88ils are absent - and is in marked contruct to the relatively
simple structural problems confronting the oil geologist.

Due account would need to be taken of the significance of
the elongated domal structures for the cccurrence of mineral
fields. it is considered that in the Broken Hill area, these
must be regarded initlally a® having the best chances, Within
these stpuetures, the best chanoes of finding ore must lie in
the beds which carry the known leodes, However, allowance must
be made for the more or less unpredicatable factors such as the
presence of transgressive plugs (8 p. 183) pre-opre faulting,
brecoiation, etc., which sould give the ore accesa t0 beds other
than those in which the known lodes are found.

The Bendigo Pield is a good example of the occurrenge of
ore in domal structuss,. The maps supplied by Herman (15) show
elsarly how the maximum concentration of ore occurs at the crest
of elongsted domal structupes (See Figure 2). A map published
by Thomas (32) indicetes that the whole Bendigo Field is situated
in & complex domal structure. it has also been known for many
years that the maximum production has been obtained from the
Bendigo stage of the Ordevieian system. Bendigo thus satisfies
the general conception of the oecurrence of the ore on domal
structures within a limited stratigraphic range.

The Victortan Nines Department had kindly shown the guthor
unpublished maps of this distriet which show the compligsted domal
struetuse very olearly. These maps also indicute that the
Hapgourt granite at the southern end of the field is cross-cutting
an&;aamfla%ely truncates the strueture. it is considered, however,
that thig faet uoes not rnv.elidgte the congeption that the ore is
genetically related to granitizations It ie hard to imagine that
the 6re has originated from the granite while 1% was in i1ts present
papitxan - an ides previously suggested by Stooe (27)% » The
known oreboudies show no relationship to the distribution of this
granite, in accordange with the concepts outlined earlier, this

- granite is probably of the subsequent type end must have seanched
its present position after becoming magmalic. ¥eost of the ore

. deposits would have formed when %he actual granitizution took place,

probably at a much greater depth than that at which the granite is
now found. The subsequent magmation (6) and movement of the granite
has spparently had little effect on ore depoaition.

It may be a&gnifieaa§ that, as noted by Harris and Thouas (1lh),
a large proportion of the ‘icterian goldfields vecur on domal
strucburcse

% Stone (27, p« 893) stgﬁéaz 7 minaithat is good at one level,
is apt to be good at deeper levels, but an adjoining mine
may be poor througheout,' x~ distribubi . oduct
e y b at 80 th atribubion of product
in plan maigl§$”§§§§ggéhiﬁﬂ%§g§i§§@ﬂggug¢3@§§ ghs ore solutions gas t he
eutgr’ap i Hareourt Bathylith, but suggest that the source was & gep-

srate offshont of o great underlvine peciorial hethoelisn  —wa .
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Kelgoorlie ~ Conlesrdie, Western suntreline _

The folloving corments are based on iefermetion sypplicd
by RsB8e« Mathooon, who has recently written a papor (21}, pointing
out a relstionship botweéon ore sccurrence and regivonl structures
in this pegion agg suggesting the Hannans Lake arse as wovthy of
prospectings The present suthor was kindly given an sfvance )
copy of this papére  Plate E=1 is Hatheson’e maps The elongoted
demal structure gt Ralgoorlie was discussed by Quatefeon oid nilier
(13) ané a crossesection after these suthorie is veproduced ag Pigure
- The peeder it especinlly referred $0 a reocently published
volusble study by Metheson (22) of the Coolgerdle aresy in which
it is shown thet gold deposition ig related to domal structures and -
also that it tends %o occur within s limited stratigraphic ranges

- The two gections (plates XK«2) and X3} 1llustrate the writer's

tentative interpretetion of the peology of the arens The

Covlgardic granite (plate E~l} is generally concorfant {0 the

gurrounding country rock and hae the characteristics of a gynchronsus
{formed in sitn) granite masss It cecuples a demal structure,

- but prébubly the most favourable part of the structure hss béen

éroded aPays S ' _ '

. Refepring %o plate Koy i€ will bo - seon that (he upper 1imit
of granitization at Coolgerdie is some 25,000 feet stratigraphically
below the contact of the Black Plag sodiments and the unferiying
Kalgoorlie seriess I the uppor Limit of granitizstion i8 psoumed
- to follow the geological structure in the surrovnding cedimentary
gnd voleanic rocks, as it does, spmoxinately, in othar instances
iavestigated, the position of the grenite would be somevhel as
shown in Plate E«2, As argued in & prev. ous paper (30), the
‘oecuprencs of albitespurphyry dykes at Kelgoorlie strongly suggests
that the mining field overiies o granitic cupole and nost geoclogists
have assumed that the ors deposite there are of granitic origine .
The granitic nmass lying cestward of Trigs 9tation HieZ2, and that {o
the wost of HKount Harien, have reaschcd a reletively high stratigrephic
-~ horpizon sl sappesy t0 be exemples of the Yexplosion ventu® of Bomons
- materiecls derived from the granitized ness belowe :

1t is worth noting thot the Helgoorlie ore dépooite vocur ob
& stratigrephical horizon comparable with thet in wihich the mines
. of the Coolgardie district arc found, - A second point of interest
is that &0 the west of the KuFraveng spoaeline, thore i an anticlinal
gbructure in which the greonstones are brought close to the surfecey
though, along the line of séetion, they are overlaia by the blankett-
ing Blsck Plag slates and other gedimentes This anticling couldd
be of velue as u producer at op near the top of its erest liace

Plate E=3, which 18 a longitudinal section slong the Ealgoorlie
anticiine, i6 based, for the most part, on piteh information given
by Guatafson ang Hiller and by Motheson.  Acgording to the latter
guthess, o reversal of piteh oours at Kalgoorlie and hente the most
prodoctuve’ portion of the £ield oceurs on the southern fleak of an
elongated domcs The guartg-dolerite-greenstons has bogn eroded
- from the top/of the Gome and this may aceount for the pelative :
searcity of bre depouits theres - This rock has produesd g very .
large proporiion of the gold obtained at Ralgoorile, probably owing -
to its physital character; under stess, it yielded slong welledefined
" planes, which foraed suitable openings for ore locnlizations :
Pueh gold oecups on the northocrn flank of the domal structurc, though,
- in generals; it hus not been s0 convenieontly leenlized for miniige
However, tho Mount Charlette proporiy, on Hannans Hild, which 18 in
the nopthern flank of the dome, promises to be one of the most
 important mines at Kalgooriies  The froctureepaticrn in the northern
portion of the field is guite different from thel in the produetive
southern pertion nad this may be the recson for the smaller production
of the nort ‘i:ffim poption - nobln kack of goldebsaring solutionse
ji : e : L
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Gustafson and Miller (13) showed that t he Auetral;a East _
eroesfold, whié¢h is a minop structure on the southern flank of
the Kalgoorlie dome, bas had an important influence on the
cecuprense of goid. They suggeet that "6his knot iv the
gountry epparently &slew&ﬁ shearing ctregses %6 {ind theliyr
fulleat expression abouvt it,,mueh a8 the splitting of a pine board .
48 influenced by knots in 1te . In timey 16 saluﬁians found this
a pegion of ee&g'aeaesaﬂ S

hmwev&r, 4he stfu@tufal afrau&pmenﬁ at Ka&gu&r&ze ie guite
geminiscemﬁ of the Cobar pidture and it is sugpested that this
eross-fold may have p mope baole significance « wigs that it overlies
8 minar cupola in ths granite ulkerdying uh@ Kalgoorliie dema.

ﬁonsiﬂeration Qf the pmﬂaiﬁle ganet*u SignlfgcaLbﬁ Of tﬁe
domal structure et Kelgoorlic leads to importend conclusions,
It has often been assumed; Lor example, that since the Levourable
guartzedolerite~greenstcone pitches » uthward wnberncalih the . .
Llanketting ﬁlack Flat slates and porphyry (plate B-3) 4heve ig-
good peason to expect non-tuicropping gold deposilg to occur Tor an
indefinite digtsnce south of the known field. Thip may, or course,
b6 80, but just as at Bendige (figurez)y gold deposltion falls off
on the flanke of the domal etructure, this is slec Likely et Ralgoops
lios (Thie remark aleo applies to the Broken Hill lode whichs
perheps; should not be éxPﬁatﬁd %o aaﬁ nt inGefintely away from the.
centre ¢f the sret)e , ) L | S

An unﬁerﬁ%&pdinr cf the aignﬁfieanea of the Gomal structufios
may. alsd worrant closer attention o the vicinlty of the crest Gf
the Easlgoorlice-Gomss . The rocke ocutorcpping over this crest
consist of the unfavaurable "eals schiste' which unfderlie the
faveursble quartz-Aolerife~greenstons. - There appears te be
- little knowlelge, however, concerning the varletions of rock tyres
which may oceur bslow the outcropping cele schiste A number of
very important ore shoets including the Oroya Shoot anﬁ o shoot
on the North Kalgurli Mine ccow at the flatly pitehing Jjunction
of the eale schisnt and the qwartz-dalerite—greenstone, essentially,
it is thought, precisely becmuse this is the Junction of two disgime
ilar roek types along which movangnky in megny instances fecilitated
by the praseancse of o thin slate band,” has osceurreds  The shoota
are ustaliy losalized 4in minor £ol8s in the contach. If thers
ave similar Junctions of Jifferont rock tyses stretigraphically :
below the prasent cuteropping sale suhist, partmﬁﬁlarlg in the vicin-
ity of the crest of the dome, there would bo & good chanee for the
aceurrcnce 9f eimilar ore ehsolss . It is also nob impossible that,
telow the present outeropping cale schish, other 5ill-like 1:assss of
quartz=doleritowgreonatone, auitable fon the Qﬁdubtlﬁﬁ of tahular
lode systems, aéeu@. . ,

on Sufhﬁaﬂﬁﬁl gr@unﬂ&, ﬁ&tﬁe@ﬁﬁ {23} has buggnkteﬁ thet the
. Hamnans Lake arga anavld peegive attention fopr.the sossible cecurps
‘ence of a £ield sueh gs that airea:; found at Kelgoorlies  On
plate Ke3y a reason ig given in support of this suggestion, vizs

that this area provably lies above a domal structore in the granites
Probably; the Kalgcaﬁlﬁ& anticlinal structure shoudd be treced voth

" north anéd south as it tay 1@@&3;5@ golé éa*@miﬁm in the vicluity

of aaj domal ﬂ%rﬂ@ture “n‘grani : ST

ity evanxually, &hﬁ @bﬁl@ of the Western Aas raiian goid«figlds
are linked up by & series ef geological weps snd s&caﬂcn», toking
into account the ogouirence of synchronous granitiec masoces and of
gul $able source-~bads among Lhe greenabtones, it might be @ﬁsﬂible {0
loeate a number of f elds which, owing to the presence of deep soil
gover, or of rocks'w ich tend to blanket ore degaaits, have nat been
found by Qrﬁinayy ﬁéaapecting methode.

}
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Follows from p. 22

- o ' Ale  COWCLUSIONS.

In the regent past, geologists have been iuclined to
confine theip study o the shructurgl traps sml openings which
localize iudividual ops shooits and have fendad to nsglect most
other features, including sonaiderations of ore gengsis,
LeCe Graton (12) deserives ithe smphasle on "structural eontrol?
. a8 TOLLiows e ' : o : ’

MJuss as the arierisn, velnd and sepillaries ave no more

- ~ impurtant to tho human gysicn fhen id the chapactes of tha blood
that filows through them, or than the subtle re=pctions of 30 many
Xinds that contribulte to the Hotal physilogical progess, so the
attention to channelways, re-opening and preparatory “ground-
conditioning™, Lo channelway detalla as by contouring atititndes
or wisths, o rolative fyacturabilily of differend rocks, represents
a most one-pided and partial gzprosch 10 the probien as o wholes
It is an uwnoound spproach only in that it fends Lo neplscy, if
not indeed 0 dissourage; othey fmporiant and necessary adjunctse®

‘Ia the present paper, itihers is no sttompl to minimize the
itporiance of afructnurar siuvdias, bul an effort hss begon nade to
cone & 1ittle closer §6 Gratoa'sz {(12) "all-ilmportant standpoint
of genetic vnpdeprstanding®. Favournble openings will not localize

ore Sepositay L nu source uf grs 18 availables

“ A8 a condyibution to a fullers undsrstanding of the problems
] Javolved in the search fop aey mineralized disitricts, the oo llowing
poLinis are suggostod Top congideraiion i . ' -

(L) Ore deposi%s show o genevsl relabtiouship to concaprdant,
gynchronous, granite, which may have fomeed gpproximately in the
pesition in which it is new found; %wut 4o not eppear tc show

. the pame velagtisnuship to these lerge bodies of subsequent; crosse
outiing granitey which appeapy to have moved vepy considerable
distancos, Prequently, however, small plugs of grenitie
maboriak fofeg thelir way through roeks overlying sgnchronous
granitic mmoses and bsecme luperient locallzers of ore.

(2) Tus freguently noted sosoclation belween graniilic porphyries
and ore szems 0 be rolabed $o the faet thet porohyries tend fo
fomn above threalres of granitization. In some instanoes, they
goour as Sransgressive plugs,; fdrmed from getusl magme derived

by the liguefactlon of gremitized mabarialy Lu other instances,
the poerphyries appoar te be of replacement origin, and may have
heen rormed along the linea suggested by Baecklund {4). -~ I%
‘uppears that the major role of both the transgressive plugs of
actusl magna and »f the "ehamels of porphyritization® is to

allow the escape of the oxe~forxaing meterials which tond to collect
above the high-points of theatres of Branitizations  The
oprhyries hHhomselves do aot appear to be tho sourcs of the ores

£35) in regious whepe granite forme in concordant; sheet-like
masges; the occurrsnde of domal estructures in the overlying sedimem
ary andfor voleanie rocks is of the vimost importance, because
these ebtructuges may overlie cupoiasy oF high-points, in the
granites 1t is/in; thene positiouns that ore 1s likeiy 1o occurs
Any means that way sérve to inGlecate the contouna &L ﬁgnacutéroppa 
ing granite ard delleved Lo bhe off greal impﬁrnaﬂag‘aﬁeggf N
eonsideration 15 veling given to the poussibility of eﬁacking b
geophyaicsl means, the postulated aﬁﬁlines of ﬁh&iﬂﬁﬁwﬂﬁuﬂﬁﬂpyiﬂg
granites shown i the spociiong on piage ¢ -2
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