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© 1. INTRODUCTION

_ The Moonta-Wallaroo copper field was discoveled in 1860 and
has been one of the most productive copper fields in Australia.
At the time that large scale mining operations ceased in 1923,
copper to the value of over £20,000,00C had been produced. At the
present time no active mining is in progress and the old mines are
cloged -and the mining plant compietely dismantled. .

There are two main -copper producing areas in the field, namely
Moonta and Kadina which are 10 milesgpart. There are & number of-
smaller copper areas between and around the main ones. \

: A precent investigation by Mr S.B.Dickinson of the South Aust-
ralian Mines Department indicates that while some of the 0ld mines
have small known ore reserves, the cost of re-establishing these -

mines would be too high to wavrant such an enterprise, -
It is evident that, 4f the field-is ’cd an import-
ant producer of copper, substantial new disco éries must be made. -

A study of the history of the field shows that the surface
evidence which led to the discovery of the lodes was without except=-
. ion, extremely limited. For example, it is recorded %hat the main

waliaroo lode -- the largest individual lode worked on the field -
was discovered through the presence of small stones of copper ore
in a mound thrown up by a native rat. .In other cases green stain- .
ing in the travertine limestone which covers almost the entire .
area led to the discovery of rich lodes at depth. o

The reason why the lodes show so littlé surface evidence of
their presence can be found in the considerable thickness of soil,
drift sand,.travertine limestone and, in places, sub-horizontally
disposed post-mineralization rocks, which cover the rockg contains
ing -the lodes. : . R -

Another factor which has been responsible for this lack of
surface evidence is the leaching of copper from the uppermost parts
of the lodes. In other cases the lodes have never reached the suf-. |
face and were found by prospecting in the deep levels of the mines.

A mumber of the -lodes worked in the Moonta area were fouﬁd"ﬁ‘
by costeaning and by means of an earth auger. L ‘ _

It will be readiiy apbreciated, therefore,'that the-popﬁlan :
belief that more undiscovered copper ore exists in the ground. on
the field than was ever mined may in fact be true.

( It is probable .that all the surface showings of copper have
been fully investigated but it is also probable that many lodes - ,
exist which show no surfade. signa. How these lodes are to be dig-, .~
covered is a matter of immediate concern. . o

Recent investigations by Mr Dickinson aimed at expressing’
the geological siructures of the lodes with a view to enumerating
thoge structures which have governed the localization of the.ore
deposits. - - E \ : .

On the basis of his investigation he has outlined a program.
for preliminary émploration. In this connection it is.of interest
to quote from his report as underi- ST

‘ "Unfortunately, the copper deposits have such a‘chafacter
that they.are extremely local in occurrence, and .although.

1
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(Mr Dickinson's report cont.)

the areas in vhich they are most likely to be present
can ve reasonably limited by ceclogical factors, there
still remains the big handicap, namely, the extremely
large ratio of barren country to ore bearing country.

The geological investigation has resulted in the estab-
1ishment of principles which nay guide an exploration
campaign. Houever, pefore a complete testing program is
formuluted, it would be desirable to arrange the prac-
tice of geoyhysical survey metnods in the district in
order to find out if there exisits a suitable method

which wo.ld give irdications of the fissures. The success-
ful application of geophysical survey methods in thiu
district would fulfil a twofold purpose.

i, It would specifically locate the geological
structures which are concealed by overburden,
and which are believed to contain ore shoots
at certain favouruble localities.

ii. It would explore extensive tracts of geologic-
ally unknoun country thet may possibly contain
ore shoots which may be localized through geol-
ogical interpretation of the geophysical effects.™

The geophysical tests which are reviewed in the present report
were made as a result of Mr Dickinson's recommendations.

Geophysical methods nave previously been used at Moonta by
the Imperial Geophysical nxperimental survey. This wor which was
carried out at the end of 1829 is reviewed in a report’ dealing
with the findings of the above Survey. The (electrical) equi-
potential line and high frequency electromagnetic methods vere
used.

In the conclusions of the report is is statod that the
investig:tion:. carred out at Moonta have smown that a satisfac-
tory application of these methods is almost, if not entirely,
inpracticable in this locality. By way of explantion it is
gtated that the presence of a highly conductive near surface layer,
and the high salinity of the ground water produce screening effects
which would make the response of deeper conductive zones so feeble
that they could not be detected ut the surface.

shile it must be admitted that these conclusions are sound
for the methods employcd, it does not necessarily follow that the
application of different and more sensitive methods would meet
with equal failure.

A close study of the geolo:ical corditions existing on the
field suggests that such methods as the sel{-potential, nagnetic,
potential gradient and low frequency electromagnetic methods
might have a reascnable chance of mapping the structures. Equlp-
ment for these metiwds was not available at the time the Imperial
Geophysical Dxperimental Survey vas made at Moonta. Owing to the
uncertainty introduced by the results of the earlier tests,
however, it was decided thot before any extensive geophysical
survey should be undertaken on the ares, testipz with the potent-
ial gradient, electromagmeatic, self-potential and magnetic methods
should be carried out.

This report deals with the resulis of such tesmts which were
conducted on the field betvieen liavch 16th and 28th, 1942,

+ "Principles and Practice of Geophysical Prospectin:" by Ldge and
Laby; Cambridge University Press, 1e31.
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On the Kadina area tests were carried out over the Wallaroo,
Stirling, Kurilla and bDuryea Jodes, while at Moonta tests were
made at three places over Elder's Main lode, over the Wild Dog
lode and over the Allée and Hall lodes.

In addition to tests over known lodes, tests were made at
Kadina over the Eastern and vestern northeast-southwest striking
shear zoneg which a .pear to have limited the lateral extent of
the ore bodies in the “allaroo lode.

Because the rocks in which the lodes occur are different
at Kadina and Moonta (although the lode types are similar) it is
proposed to treat the tests at these two places separately.

II. THE KADINA AREA

A, GEOLQGY,

For the purposes of this report it will be negessary to
relate belefly the geclogical conditions on the area with partic-
ular reference to the lode structures. It will be assumed that
the reader has access to Dickinson's report which deals at length
with these factors,

The rocks of the Kadina area are prinecipally quartzites,
slates, limestones and their metamorphic derivatives and they are
of Pre-Cambrian age. They are in places overlain by sub-horizont-
ally disposed layers (of small thickness) of Tertiary and Cambrian
sediments which hoviever are absent in the arcas tested.

Recent deposits of soil, drift sand, travertine limestone
and clay cover the area so that neither the rocks nor lodes outcrop.

Where the Pre-Cambrian rocks are exposed in the mine workings
they are upturned and generally highly contorted. Owing to an al-
most complete absence of outcrops however, it is not possible to
determine the rock structure or i%s influence, if any, on the form-
ation of the lodes. In the following discussfons of the lode frac-
ture pattern it will be assumed that the fractures occur in a homo-
geneous rock.

Lode Struc&ureg. The principal lodes of the Kadina area occur in
well pronounced fractures which strike between 90 degrees and 120

degrees. These fractures have been designated the east-west main
lode shears.

In the case of the Vallaroo lode, the values in the lode and
the character of the lode channel have been largely influenced by
intersecting northeast-southwest shear zoneg.

There are two such zones recognised in the Wallaroo lode and
values are confiined to a length of 2,500 feet between them. They
have been called the Eastern and iestern shear zones, and apparente
ly consist of relatively wide zones occupied by a large number of
faults.

The Stirling and llatta lodes, to the east of the 'allaroo lode,
are apparently continustions of the main Vallaroo lode channel east-
ward from its intersecti n with the Eastern shenr zone. The lode
filling in the Stirling and Matta lodes 15 substantially the same as
in the vallaroo lode, but in them copper values are lower and pyrite
conient considerably higher than in the Wwallaroo lode.

To the south of the .allaroo lode is a number of small lodes,
namely Devon,JQgurilla, Duryea und Doora Lodes. They also occupy
east-ttest mafh lode shears. At their eastern ends the lode channels
are consider:bly disturbed by a cross feature which in each case
is believed to be a southern continuation of the E astern shear
zone.,
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It is suggested that the prineciysle lodes of the Kadina area
are confined to east-uect main lode chears and lie betveen the
Eastern and estern she:r zounes., L.cal enrichments may be con-
Trolled by favourable vends ii: the loCe channels and may be in-
fluenced in an unknown fashion bythe rock type which the lode
channel intersccts.

Be BolURe OF THE GELOPHYSICAL PROBLEM

The problexs frow the geophysical point of view is one of dis-
covering more copper lodes either directly through neasuring
physlcal properties wuich can be directly attributed to the mineral
content of the lodes, or by locating such features as the east-
west main lode sheuars and northeast-southwest shear zones, and by
geological interpretation of such features determine places most
favourable to the formation cf ore bodies.

It is therefore desirable at tuis stage to - xamine closely
the physical character of the lodes and associated features.

The lodes i: the primary zone are metasomatic replacements
of the country rock along plancs of shattering. The lode filling
is pegmatitic in character and comprises quartz, mica and a little

felspar with minor gﬁbunts of other pegmatitic minerals. The metallic

minerals present aré chalcopyrite, pyrite, pyrrhotite and small
amounts of galena, blende,seheeli%e, molyﬁdenite and gold. Radio=~
active mineralis are also repo-ted as being precent in,even the
minutest quantities in all the lodes, theilr presence sug ests the
possibility of using one of the exiremely sensitive ray-counting
devices, such as a Gleger-Muller counter, or a sensitive electro-
scope, for determining their presence in the soil and hence
locating the lodes from which the radio-active minerals have been
derived. Apparatus for such measurement was not availuble at the
time the present tests were made, bul if further geophysical work

should be done on the area the method would beyof a twest. ... //.
AT T T e /

Above ground water level, which varies from 30 to 50 feet
on the area under discussion, the lodes have been completely oxid-
ized and leaching has removed most of the metallic minerals. That
copper which remains is mainly fin the form of chlorides and carbon-
ates while some of the iron remains in the form of limonite. Of
the gangue minerals, quartz is iost prominent while the felspars
have been kaolinized.

The way in which the lodss differ electrically from the rocks
containing them is not immediately obvious. The primary zone, by
virtue of the metallic sulphides it contains may be much ore
conductive than the countiry rock but to what extent they will
differ in this respcet depends on the electrical continulty of
the sulphide particles in their resistive matrix of quartz and
associated minerals. The lode channels are probsbly considerably
more porous and consequently contain a greater propertion of
saline vater than the couniry rocks, a factor which will increase
their conductivity relative to the enclosing rocks.

In the oxidized zone l:aching hus probably resulted in a large
increase in pore volume und this increase, together with the pres-
ence of kaolin resulting Irum the weuthering of the {elspars, has
probably resulted in the formstion of a relatively conductive
channel. On the other hand the residual quartz would be fextremely
resistive, sothat the nett effect of all the factors involved is
not immediately apparent,

In the potential zradient method a ratio of conductivity of
3 to 1 should be detectable and it secmed reasonable to suppose
that the ratio of resistivity of the lode channels to that of the
country rocks would be at least 3 to 1.

As Tar as the northeast-southwest shear zones are concerned,

o

»
oA ,/ Geeme AN LT
) .

~ n/ éﬂ(’

‘4

- ﬂ AL e



it seems reasonable to suppose thai the faulting and spegring within
the zoncs would produce increascs in conductivity sufficiently large
to be detectable by the potential gradient method.

The presence of oxidizing sulphide minerals, such as chal;op-
yrite, pyrite and pyrrhotite, at shallow depths in the lodes night
reasonably be expected to be the source of a measurable self-
potential effect.

The occur ence of large quantities of pyrrhotite, whmc@ has
a high magnetic susceptibility, in some of the lodes at Kadina
might be ex ected to favour magnetic methods of detection.

It will be zpparent from the foregoing discussion of the ‘
Lhysical character of the lodes that further testing by geophysical
methods vias varranted in spite oi the adverse findin s of the
Imperial Geophysical sxperimental Survey at Moonta.

C. RESULIS OF THE TISTS

1. Wallaroo Main lode and ‘estern Shear Zone.

The potential gradient method was the only one used in this
test and the resulis are shown on plate 2 in the form of a potential
gZradient contour plan. Low contour values correspond to places
where resistivities are lover than the average for the area and
vice versa.

The site for the teui vas selccted from an inspection of
the plan of the stopes, (shown by Dr Jack in his Bulletin, No.C ),
~ending the arrival of more detailed information. The choice ..as
not 1 good one, for, although the stope plan sug-ests that near
the Office chaft nore of the original ore bod, remains in situ
than elsewhere along the lode, the reason for this lies in the
pinching of the lo.e, rather than in a decreasc in gride of the
ore.

The ‘estern shear zone, which ic shown croscing the +tr: verses
on the layout plan, further complicates the conditions. Furtnermore,
the section covered by the test is one i which the east-vert
maln lode sheuar has split up into a number of sub-parallel :hears
carrying small copper lodes.

It will be appreciated, therefore, that geological conditions
were exceedingly complex but the tests were none the less valuable
because they indicate the nature of the geophysical reactions under
these complex counditions.

Two layouts will be observed on the plan, namely layout A
comprising traverses 70i,0,100u, and 200V, and layout % comprising
traverses O and 50N. Layout A was used in tests over the main
lode shears while the dirsction of the traverses on layout I uas
most favourable for obtuining reactions from : ortheast-southviest
striking cross courses.

a. Layout A, It will be observed that the centre of Layout A
is occupied by a zone of relatively conductive material some 200
feet in width. The relation, if' any, between this wide conductive
zone and the knovn main lode shears is not obvious., The known
main lode shears in part occupy this zone, but the most southerly
members lie outside it. Its similarity in strike to the main lode
shears sug:‘ecis that it may be in gome uay relsted to those struc-
tures. On the other hand where the strike of the couniry has been
noted in the deep workings from Young's shait, it has been found
that, although it varies within fairly wvide limits, the averace
wrend seems to be approximately the same as that of the conductive
zone, This similarity in trend sug~ests the poscibility of the
conductive zone being due to the presence of a band of rock of
lower resistivity than the surrounding rocks.
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b. Lg%out E. The group of narrow conductive zones at the
western end of traverses O and 50N layout E may be considered as
reprecenting a westerly continuation of the wide conductive zone on
Layout A. The conductive effects have become more locslized in
occurrence and may posscibly be related to westvard continuations

of the main lode sheurs.

The c.nductive zone betuveen 300. and 400% traverses 0O and 50N
coincides with the northeast-southwest shear which crosses the main
lodes to the immedizte viest of the Office shaft. This shear is
art of the western shear zone.

The narrow conductive zone at the far eastern end of Layout E
cannot be assigned to any knoun geological feature but in sirike
it closely resembles the northeast-southwest shears. The intersection
of such features and the main lode shear has resulted in the impov-
erishment of the main lode and it may not be a coincidence that a
zone of impoverishment occurs where this conductive zone would meet
the main lode if continued to the north-east on its present strike.

2. STIRLING LODE AND JASTHRN SHELR ZON:

Two layouts were used in the tests on this area and they are
shown on the accompanying plan, plate 3, as layouts C and D.Layout C
comprises four traverses, namely, 501,0,505 and 100E, the direcction
of the traverses being so chosen that they crossed the Stirling
lode mormal to its drike. Layout D comprises the four traverses,
namely £05,0,50N and 100N and its direction was so chosen that
the traverses crossed the Rostern northeast-southwest scheur zone
at a favourable angle.

Potential gradient, eclectromagnetic and celf-potential tests
nere made on layout C. For the potential ratio tests a 50 feet
electirode separation wa: usad although select-d portions of three
of the traverses were reeated with a 25 feet separation, the
vhaste relation of the potentinl drops being determined at the
same time. The results of thece tests are shoun in the form of a
rotential gr-dient contour vlan and indications plan on plate 3,
The potential gradient and phase -ngle profiles, electromagnetid
profiles and self-potential profiles are also shown on plate 3.

A geological section of iLr:averse 0, layout C, is also shown on
this plate.

Layout D wus covered by a potential gruadient survey using
25 feet electrode separation and the results in the form of a
potential gradient contour plan and indication plan arc shown on

plage 3.

as Layout C.

1. Potential Gradient Method. An examination of the potential
gradient contour plan shows that layout C is crossed by four dis-
tinct zones of relatively good conductivity. Thece are shovm on
the indic tions plan as zones A4,B,C, and D. In addition to showing
the .ide zones, the indications plan also shows the axes of the
conductive indications which comprise the zones. These axes have
been lettered A,B,C3, and Cgyand D.

Zone B coincides roughly with the plotted position of the
Stirling lode. The agreement in position i¢ good on traverse 100E
but the axis of the conductive zone diverges from the outcrop ’
as showk,to.ards the .esiern edge of the layout. The zone, houever,
reflects the Lending which the Stirling lode exhibits and this
fact, together with the evidence of widespread mineraliz-.tion o8
demonstirated by No. 4 diamond drill hole (see geological section
of traverse 0, plate 3) and the coincidence be ween the potential
gradient indic.tions and celf-potential indications, males reason-
ably safe the asse tion that the conductive zone B represents the
locus of the mineralization a:sociated with the Stirlin: lode.
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Because of its low copper content much of the Stirling lode
remains in situ. Further, the lode contains a large amount of
pyrite and the pronounced electrical effect obtained over it,
in contrast to the absence of such an effect over the ‘allaroo
Yode in the Office shaft test, may be attributed to these factors.

The potential phase curves which are shoun on platc 3 are
of particular interest. Phase angles vlere determined over short
sections of traverses 100.; ,## 505 and O and 1t will be observed
that the only place on the traverses where appreciable phase
disturbances are present coincide with the potential gradient
minima corresponding to Zone 8. Although actual phase measure-
ments were not made over parts of the traverses corresponding
to other conductive zones, it was apparent from the ratiometer
readings that phase disturbance was much less evident over them
than over Zone B.

As a result of the limited phase test described, it is
evident that such measurements might provide a satisfactory
means of locating the conductive zone associated with the
mineralization and if routine surveys are to be undertaken on
the area more exhaustive phase tests should be an integral part
of such a survey.

Zone A occupies the southern end of layout C and its axis
(marlked A-A) shows prorounced bending in symmthy with Zone B.
Diamond drill hole No, 4 intersected a lode formation at approx-
imately 100 feet vertically beneath 375.8/0 and it is suggested
that the conductive zone A is associated with this lode formation.
The formation, where intersected by No. 4 drill hole, contained
only traces of copper so that further prospecting on Zine A is
probably not warranted.

Zones C and D are on the northern half of the layout and
they have east-west sirikes. This strike also represents the
strike of the axis D-D but the axes Cy -Cy and C, - C, of the
indicution which cake up Zone C strike roughtly ﬁE-SW?

As thece zones exten#l onto layout D, they will be discussed
in more detail when the resulis for that layout are discusced.

ii. Electro%%inetic Ilethod. The electromagnetic tests on
layout C were confined to traverses 100: and 50+, the primary
cable being155os. Near-cable intemsities of 16 microgauss per
ampere were measured indicating abnormally high ground conduct-
ivity. This result was not unexpected because the presence of
a conductive clay layer (300ohm=-cm) immediately underlying the
surface travertine had previously been noted.

The real horizontal component profiles are shown on plate
3 and it will be observed that they show minor departures from
the smooth curve shape. By assuming & smooth curve for ground
conductiywity effect and plotting the difference: between this
and the observed curve, the curves A and B are obtained. It
will be seen that the A and B curves show pronounced anomalies
which, in each case, have a double maxirmm. The positi.ns of
the axima are shown on the indications plan. The wide nature
of the anomalies on the A and B curves suggest that they are
of relatively deep-seated origin. The Stirling mineralized
zone is dipping to the south and it is porsible that the electro-
magne .ic indications arise from the deeper parts of this miner-
alized zone. The electromagnetic indication and potential
gradient zone B indications afe probably responses from different
levels in the same feature.

There iS.a auzicestion of an extremely weak elertromagnetic
anomaly associated with potential gradient zone C but nothing
could be detcdéted in the vicinity of zone D.

The vieakness of the electromagnetic indication at Zone C
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and absence of effect from Zone D are atiributed to the screening
effect of zone B and because of this, it is apparent that the pot-
ential gradient method gives a nore reliable picture of the elec-
trical conditiuvns than docs the electromagnetic method.

iii, Self-potential lMethod. The results of the self-potential
test are shown in the form of potential profiles on plate 3, while
the position of the individual negative centres is shown on the
indications plan. The manner in which the negative centres should
be conn:cted between the traverses is not clear but the connections
shoun on the plan are regarded as being the most probable ones.

It will be observed that the self-potential indicutions are
grouped in a zone about 100 feet wide which roughly coincides
with potential gradient zone B and includes the Stirling lode. The
nature of the results suggests the presence within this zone of a
number of discontinuous bodies of oxidizing sulphide minerals.

The position of the outcrop of the Stirling lode as shoun on
the plan is based on a plan of the levels and not on direct obser-
vation g#nor on recorded description of the lode. '‘he nature of
the cclf-votential indications introduces a doubt in the writer's
mind as to whether the direction of the levels can be taken as a
true irdication of the existence of a continuous lode followed by
such levels or vhether the levels connected a number of discontin-
uous lodes.

L. Layout D. The potential iratio method .ias the only one used
in this layout and the results, in the form of a potential gradicnt
contour plan and an indications plan, are shown on plate 3.

It will be observed that three zones of relatively conductive
rocks cross the layout. The :iost southerly two are a parentiy
westerly continuations of zones C and D, layout C. The zone at
the northern end of the layout has the same strike as gones C and
D and has been called zone E.

The axes of the individual indications are shown as broken
lines marked I-I,II-II, etc.

An examination of the pattern of conductive zones and indic-
ation axes for the two layouts reveal certain trends which may be
associated with the lode structures. As already pointed out in
the discussion of the results of layout C, zones A and B and the
axes A-A and B-B are apparently associated with mineralized zones
of the east-west main lode shear type and it seems possible that
zone D and the axes D-D and IV-IV may be associated with a similar
feature. On the other hand, although the wide zones C and E have an
east-west sirike, the indications which comprise these zones namely,
Cy=C4Coy=Co, I-I and II-II in zone C and VII-VII, VI-VI and
po °ib§y V-V in zone E have strikes which differ appreciably from
the strike of the zones themselves. The strike of the indication
lines approximates that of the northeast-southwest shear zones
and it is believed that they are associated with such a feature.

The Eastern NE-SW shear zone is believed to occupy the area
between the eastern end of the “allaroo lode and the western end
of the Stirling lode and its approxinated boundaries, bascd on
geological interpretation of mine plans, are shovn on the indic-
ations plan. It is not possible to reconcile the geophysical res-
ults with the shear zone as shown.

A geologi€al interpretation of the indications believed to
be due to NE-SW shears is shown on the indications plan and it is
believed that this interpretation, which does not differ greatly
from the geological mapping, may beftrue sepresentation of the
Eastern shear zone. In support of the geophysical interpretation,
attention is drawn to that section of the Stirling lode to the
northeast of the Stirling West Shaft. It will be observed that

its strike is similar to that of the axes Ci -C! and I-I and it is
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suggested that the lode may have followed one of the RNli-Si. favlts
of the Iastern shear zone. If such an explanation is correct,
then its attitude cen be recarded as supporting the strike of
the nastern shear zone as given by the pgeophysical interpretation.

The east-west strike of zones C, D and & in contrast to the
strike of the majority of the indieations contained in themn, in-
troduces an interesting ,o0ssibilitye.

Although the argument which follows is of a highly speculatlive
character, it suggests a line of investigation which mig«t be
profitably followed.

It is sug. estud that the zones C,D cnd 1 represent bhands of
count.y rock which are iore conductlive than adjourning rocks
because they have becen more susceptible to sha.tering than the
adjoining rocks during the formation of thc lode s ructures.
Although 1i.tle is mown of the rock structure in the area under
discussion, it is believed that the rocks may have an cast-west
strike.

Fig l.

g
In explantion of the geulogical cunditions which have produced
the elecirical pattern on layouws C and D, Fig 1 is presentede.

It is assumcd that the country cock consists of two types
which ace interbanded. Type 1 is harder than t pe 2 and the
crossing fractures are clean breaks with iittle, if any,
shattering of the rocks adjacent to the faciures. In type 2,
however, the crossing frrctures have developed as relatively
wide zones of shatiering which has rendered vrock type 2 conduc-
tive wheve intersected by the crossing structure.

Thus, the crossing sheav zone has produced in irock type 2
¢. nductive zones which have ihe strike of the country rocks but
in which the individual conductive indicatiwis have the strike
of the shear zune, while the shcur zune has produced no ap rece—
iable change in the resistivity of the type 1 rockse

The inf1u¢én.e of roci type on the nature of the fractuving
in the ..allaroo main lode has hoen ceormisced b Dr Jack and
it is belicved that the sy .lication of geophysical :.<to.s to an
area erb.acing the wholc of the i/allaroo lode and lrmediate vic-
inity might lead to a betler unde. . tandiag of the siructures
controlling ore deposition in the Kadina area. .hether or not
such a survey wnould be justified at the present tiie is a tebat—~
able pjoint because the prusemt structural conceptions should
provide a satisf: ctory basis for an irmediate prospoecting co . palgne

3, KURILLA LOD:S

The <urilla mine is ap,roximately 3,000 recl south.est of
the wallasroc lode. Three lodes vere viorked cn the property of
which the uost i. portant were Hall's and jorphest's lodes, worked
from shafts of those names.

The lodes ace stated to have varied in width f{rou 1 foot to
5 feet and to have dipped northward af an angle of approximately
70 degrees.

~he lodes occupy sheacs of the east-vwest main lode tjpe and
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their courses at the eastern end of the working have becn

considerably disturbed by the presence of o cross feature

believed to re a southwesterly continuction of the fastern
shear zone,

Production appears to have been mainly from a shoot of
ove on Horphett's lode to the irmediate east of liorphett's
shaft. A shoot of ore has also been rhned from a section of
Hall's lode. The western end of this latter shoot is due
scuth from Morphett's shaft.

The section selected for the tests was therefore to the
imediate west of the productivwe® sections of the lodes. Nothing
definite is known of the size or character of the lodes in
the part tested, but the existence of lode channels has§ been
proved by the workings.

In Dr Jock's de cription of the ‘/allavoo lode channel
in the uppcr levels of the Wallaroo nine, he makes the state-
ment that "the distinction between the lode channel and
the actual ore shoo's in these (i/allarco) uppe:r levels is
very narked - - - - as between the actual ore shoots the lode
is nractically destitute of copper or of lode £illing".

If this statenent is true also of the Xurilla lodes, they
are probably only weak fcatures within the arca tested.

The iests consisted of potential gradient surveys of the
seven traverses, 12UV,0,1005,200E,300E,380E and 550E, electro-
magnetic sucrveys on all these traverses with the exception of
3301, and self-potential and magnetic tcsts on trave sc zero.

i, Potentinl Gradienti Methods 7T € res:lis of this test
are shown on plate I, in the form o a potential gradient cone
tour plane The axes of the individual conductive indications
are shown on the indications and elcctrumagnetie coutour plan
on the same plate.

It will be observed that the co :tou-s and indic. tions
p-esent a c 1plex pattern which scems to have 11 tlc, if any,
relation to the lo..e patitern. The ¢ nductive indication which
crosses traverses 100& and 2005 at 325N coincides approximately
with the ou.crop of Horphett's lode and is probably due to that
featyre. A small condictive indication crossing traverse O at
558 may be due to the lode which was intersected by a diamond
drill hole near Hall's shaft (see cross-section of traverse O).
Apart from the two indications described, the known lodes have
produced no noticeable effect.

The general ti.nd of the indication linecs sug ests that they
might bc divided roughly into two groups despending .n their
strike. Indications 9,12 and 14 have the east-west strike of the
maln lode shearse. Indication 12 secems to be assoclated with
Morphett's lode and it is possible that indicatlions 9 and 1L are
assoelated with similar features. The remainder of the indlc-
ations (with the exception of No. 8, which is known fron the res-
ults of only one traverse and hence its direction 1s indefinitec)
vary in strike from 320 degrees to 330 degrees. One of the
culponents of the !/allaroo fracture pattern has this strike,

(for instances, thc Wendilta lode shear and the cross feature
which faults the Doora ore body), and it is possible that the
conductive indieations under discussion may be due to co parable
fracturese.

ili. klectromasnetic Mcthod. The results of the tests with
this method are shown in the form of Heal Horizontal Coriponent

profilesad Real Horizontal C°”P°nentkg§_§iftﬁ_“f_ Jorn %IA:M

As in the case of a sinilar test at the Stirling uares,
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ncar cable intesities were very high (of the o'der of 1% nicrogauss)
and these high intensities ace attributed to abnormally high ground
conductivitye.

In order to reduce the c.urves to a fom suitable for contnure
ing, it has becn necessary to assune a 7ol for the ~round
conductivity efecte ‘‘he differcnces betwecen the obse-ved curve
and the assumed ground conductivit” curve hawebeen plotted along
the datum line for each curve. This procedure is soiicvhat
artificial and produces results which are open to doubt because the
final curve shape depends entirely on the shapc assumed for the
normal ground effect about which information is scanty. 'The cont ur
plan shows a broad imximun which follows the course ol l'orphett's
lode.

The 1ost intense parts of the elecctromagnetic ihdication are
at 300N/515E, 230N/200E snd 320N/200E. The first tuo places
coincide roughly vith korphett's lode and are believed to e due
to that fecature. The last-ticntioned is in an area of unknown
ge.logy but it may possibly be due to a parmllel lode.

No ieasurable effect vwas obtained from Iall's lode or fron
the lode near 110S/0. The potential gradient s rvey slowed that
there is no pronounced conductive erfedt associated with Hall's
lode wheve it crosses the layout so that the absence of an electr. .=
magnetic effect irom it is understandable.

There are no electromagnetic Indications corresponding ‘o the
potential Ppradient indications on the southern side of the lgyout,
The reasun Tor this lies in the screening er’lect pwoduced hy the
conductive zone nearer the cable, i.e., the zZone which coincides
with lorphett's lode.

iii, Self-potential Methode. O ing to the unsuitable nature
of the surface™ on most of the layout, tects by this nicthod wece
confined to traverse O. The potential profile isshown on plate 4.
The potentials varied so:ewhat erratically but the smoothed curve
scems to exhibit three weak negative ccntrese The positio.s of
these are shown on the indicatlions plane. The riost southerly one
coinecides roughly with potential ratio indication 7 and the lode
pierced by the drill hole south of Hall's lode near Hall's shalt,
and it may be due to oxidizin: svlphide ninerals in this lodes
The centre one coilncides roughly with the - ¢stern end of o1 hett's
lode, with the axis of the electromagnetic indication, and with
the potential gradient indication 1l. The smoothing of ti.c ¢ ve
at this place has beun largely influenced by the low reading at
250N which may be due to surface causes and not to oxidizing
sulphide minerals in Morphett's lode.

The negative centre at the northern end of the traverse is
in an area of unknown geology, but, because surface corditions
ere particularly unfavourable at this end of the raverse, it
may be due to surface causes.

ive Magnetic. Vertical inuvcnsities were neasured on traverse
zero and the profile isdwown on plate L.

From 2258 to the 5505 and 175N to JOON the profile is very
flat, the northcrn section, however, differing in intensity from
the southern section by epproximately 100pamma. Minor disturb-
ances occur over the centre section of the traverse but they
do not a:pear to bear sny relationship to the knovn lodes.

It seems possible that the magnetic eurve may be related to
the rock types _rcsent, but as knowledge of these is confined to
the very limited zone intersected by the workings no attempt can
be made at correlation.

4 The surface of the area was liitered with pilcs of rock debris,
tailings ctc. and only a small part of it sas natural soil. In
addition, the area was extreicly Jdry and 3.:.Contacts had to be
artificially prepaved.
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fle DURYEA LODES.

The Duryea mine lies approximately 1200 fect south of the
Kurilla. The mine has not been worked for a great number of years
and very little .is know ab.ut the lodes. Thelr plan position is
not known for certain but a plan by Dr Jack shows an east-west
lode at about 120 reet north of the Main shaft.

Two lodes which were pyritic in character are stated to have
peen workede The geophysical tests consisted of self-potential
observations along two north-south traverses called O and 60E,
ahd nagnetic observations along traverse 6.5s The centre of the
traverse was opposite the Main shaft and the travcrces extended
for 600 feet no.th and south of the centre point.

‘he results of the test are shown on plate 5 in the form
of self-potential and nagnetic profiles.

i. Self-potential HMethod. It will be obscrved that the self-
potential curwes are rmuch less disturbed than was the case in the
Kurilla teste This is due to the ground conditions being uch
more favo:.rable — the surface be ng covered mainly by soil of even
texture.

Three wenk negative centres are shown in the smoothed curves
on each traverse. Of these, the cenire one is a very broad
feature which has apparently a dcep-seated origine It iy be due
to the lode shown by Dr Jack at 120 N and which dips to the southe

The negative ccenire near 2755 is over unknovn conditions
but the fact that it occurs on the two traverses and that the axls
has an east-west strike makes it seci: likely that it nay be due to
oxidizing sulphide minerals in an cast-west lode. Further worx by
this method and a potential gradient or electromagnetic survey for
¢ .niirmation purposes is warranted and tcesting would be subjcet to
the vcesults of such additional worke

The negative ce.tre between 200N and 250N 1s somevhat indef-
inite owing to disturbed readings, but it is an indication which
night profitably be followed up by addlitional surveyse

11. lagnetic liethod. The general wavy natwee of the profile
is probably due to varlations in the susceptibility of the
country rockse Nothing is known of the habit of the rocks in
the area so that no correlation can be obtained. The test, however,
shows that even if veak magnetic anomalies were sres.nt over the
lodes, it would not be possible to distinguish between then and
anomalies due to variations in the country rockse

III, LOONTA ARA

Gecphysical testc were rade at the following places on the
Moonta area.

1, Alice and Hell lodes -= Lgyout A
o, Elder's lain & iast Lodesw~Taylor shaft Section -~ LayoutB
3, Elder's Main & ‘Jest Lodes —- Warmington's shaft
section - Layout Ce.
Lo Wild Dog Lode ~= Layout D.
5. Elder's Main lode (Snith's shaft Sgetion) -~ Layout Ee
re
7he relative positionsof the tcst arcas -#s shown on the locality
mpa, plate 1. These tests will be described separately.

The Moonta arca of the field differs from the Kadina areas,
principally in the attitude of the lodes and in the nature of the
country rocke.

A.GEOLOGY OF THI NOOMTA ARIA

The raock in which the lodes of the lMoonta area occur is a

.



-13 -

felspar porphyry which has a relatively uniform texture.

The porphyry has been weathered near the surface to a
variable degrec, itc uppermost parts being weathered mostly
to clay.

The outcrop of the porphyry, and the lodes 1t contains,
are covered by this clay which in turm is overlain by travertins
limestone soil, and in places, Arift sand.

The lodes occupy iissures or shears wlthin the porphyry
and are pegmatitic in character. The lode filling has practically
the same composition as the Kadina lodes, but evidently less
sulphur was available during their formation because most of the
iron in the lodes occurs as haematitite whereas at Kadina the iron
occurs in the form of pyrrhotite and pyrite.

’ 1., THE LODE STRUCTURES

The fissuring of the Moonta area belongs chiefly to the
northeast-southwest type in contrast to the Kadina area where
the fissuring was chiefly of the east-west type.

The following components of the fracture pattern are
recogniseds:~

Main-lode shears

Vest-l0de shears

Strike faults
Northwest-southeast cross courses
East-west traverse faults.

Mmoo

of these, (a) (b) and (c) belong to the general northeast-south-
wst flssure groupe.

The lodes occur in Main-lode shears and West-lode shears, but
the ore-shoots appear to have been localized by the intersection
of two or more conponents of the fracture systeme.

Of the areas tested, Alice and Hall lodes, Elder's West lode
and the Wild Dog lode are classified as West-lodec shears, while
Elder's Main lode occupies a lain-lode shear.

In #ddition to the sheers carrying the lodes,afault of type
(¢), namely Taylor fault, crosses layouts B and C, while frac-
tures of types (d) and (e) may be present on layouts B and E.

In order to fully appr ciate the nature of the geophysical
results it is necessary to briefly outline the physical character-
istics of the lode shears, Taylor fault, end other structural
component s.

(a) Main-lode shcars = show little smashing of the wil rock
but the wall rocks and the material contained therein have been
altered by the action of the vein-forming soltthions. This al ter-
ation haes resulted in the wall rocks becoming more friable than
the wnaltered porphyry -- a change which might reasonably be
associated with an increase in electrical conductivity.

The copper minerals occur in shoots along the Main-lode
shears. Betw en the shoots the Main-lode shear is generally a
weakly developed feature in which only minor anomnts of lode or
crushed material are prescnt. Thus from a geophysical point of
view one would expect strong rcactions from the lode channels in
the vicinity of the ore shoots and poor reactlions elsewhere.

(v) West-lode ghears —- are typical faults which have been
filled wifﬁ orushed material . The wall rock alteration 1is usually

-



more extensive than in the Main~-lode shears. The West-lode shears

have a couposite character and coisist of a number of parallel 74
fractures. The lode filling has selective route iu the VAR
west-lode shears with the result that the ore bodies are arranged

in a number of disjointed and not necessarily collinear sections

along the shearse.

(c)_Strike faults -- are so called because they are more or
less parEIIel to the Main-lode shears, but they dip at a flatter
angle. They are not mineralized bui thelr intersection with the
Main-lode shears and Vest-lode shears a pears to have had a marked
influence on the disposition of the ore shoots in those shears.

Taylor fault which intersects Llder's lain and .esi lodes
at depth is the only fault ot this kind the existence of which has
definitely heen established, although the occurrence of other is
suspected.

Taylor fault where intersected by the minc workings contains
fprom 1 to 2 feet of crushed material.

(d) Northwest-southcast cross courses — are fairly well v
developed in the Moonta Mines and have causcd offsetting of the
Main-lode shear in places. They concist of wminevaliged fractures
of limited latersl extent and appeer to have a marke#d locel influence
on the character of the ore-bodies. A cross feature of this type
crosses Elder's Maln lode 1in the vieinity cf Taylor's shaft.

4 (e) Eagpt-west traverse faullg —-— are in chearsacter sinilar to
the northwest-southeast cross courses. No faults of this type are
known on the areas tested by the geophysiceal methods.

Be NATUVE OF GLOPHYSICAL PROBLEM

The problem al Moonta wau sindlar to that at Kadina, nanely,
to cetermine what geophysical reactions, if any, could be obtained
from the known lodes or lode-structures. The problai vas somewhat

od Meent simpler, than at Kadina because the rock in which those lodes and
nia T gde-siructures occur has a uniforn character =nd no geophysical
regctions due to variations within the bedrock werec expected.

Owing to the remarkable decrease in vesistivity which usually
accorpanies shearing of a rock, it was beiieved that the Main and
west-lode shears, otrike faults, and cross Teatares would all Dbe
more conductive than the massive porphyry which contained thems

It was realized, however, that any effect arisi frcma the
cross features would be consliderably reduced in intéggity By th:e
screening effect of the conductive near surface layers and that
the factor which would ultimately decide whether or not a feature

could be located electrical would b
S atanty 1y e the degree of shearing

It was known that the Main and Wesi-lode shears whic
the ore shoots were not uniformly sheared along thelr géo?ecggggég
—- lode filling which has replaced the shattered material in the
shears reaches a width of 25 feet in places while in others it is
only a few inches wide and may even be sbsent. Thus it was
eig:gtﬁgéaggnzagziq?gntlg 2g?ne out by the results of the tests,

v 0.
alony thotn Btrikes. v e shears would vary from place to place

It might be appropriate at this sta

conductive effects assoclated with the sggagg ﬁzﬁﬁigguggéﬁoﬁsg
extremely locael in character. In the potentlial gradient tests an
electrode separation of 25 feet was used. Many of the conductive
effects were apparent in only one electrode interval and with a
wider separation it is possible that some of the effects might
have becn overloocked. It was apparent thct even 25 feet may have
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been tco large a separation, and in any routine swurvey which
might be carried out a maximum separation of 20 feet should be
used.

Ce RESULTS OF THE TESTS
1. ce & Hall des - Layout

a. Introduction. The Alice & Hall lodes occur in the
most westerly of the three nmain zones of fracturing at MNoonta.
The lodes contained small shoots of ore snd show little promise
for develorment of large tonmages of copper Ore.

The shears in which the lodes occur arec classifled, beaasuse
of thelr strikes as west lode shears. Shears of the Main-lode type
have nol been localed but may be present in the cowmiry to the
east of the lodes.

be Potential Gradient Method. The results of the potent-
ial gradient test are shown in the form of a potential gradient
contour plan on plate 6,

vhe potential gradient profiles and geological sectionsof

traverses O and 200%W sre also shown. The potential gradient contour
plan shows a zone of low gradient values which coincides roughly
with the outcrop of Hall's lode. On traverses O and 505, where

the indication is strom;esgt, the centre of the indication lies
approximately 15 feet from the outcrop. '‘his dlsplacement can be
accombted for by assuming that the conductive indication is coming
from a depth of a proximately 25 feet down the dip of thce lodee.

The series of conductive indications which cross the layout
at a slight angle from 200N/50E to 130N/200%W is probably due to
the Alice lode which was cut in No. L and Ho. 5 bore holes (sce
geological section of traverse 200W). The onnductive indication
erossing traverse 50W at 250N may be due to another lode lying
to the hanging wall side of the Alice lode and which was cut by
Noe. 1 bore hole.

With the exception of the conductive zone along the southern
edge of the layout, the conductive indications on the southern
side of the iLayout are week and irregularly digpossd, and it 1s
unlikely that they are assoclated with any pronowmced geologlcal
festures.

The conductive indication on the southern edge of the layout
may be due in part to the influence of conauctive layers lging
beneath the power electrodes. The usual practice of commencing the
readings 300 feet from the power electrodes was followed in this
case, This distance is usually sufficient to render the reading
free from effeccts of horigontal discontinuities bencath the power
electrodes, but it is believed that in this case, as in fact in
the majority of the potential graaient tests in the Moonta-Kadina
area, the distance was not sufficiently grcate The conductive
zone should therefore be confirmed by repeating the readings under
more favourable electrode conditions before any interpretation im
terms of geoclogical features is attempted.

ce Self-potential Metg%d. Three traverses, nanely O,
50 and 100W, were surveyed with this method and the self-potential
profiles are shown on plate 6.

The most striking feature of the profiles is the steady fall
in potential from the northern end of the traverses toward the
south. Traverse gzero was extended at a later date from 5008 to 1508
but the potential curve as found to have a rmch flatter schape over
this extension.

There secems t0o be little doubt that the effecet measured vas



due to stray potentials 11 the town D.C« susply. The layout,
on its -crthern oide adjoins the to.m of Pownta cnd 1t 18 o sarent
that the covth beneath the town s chawged t. a positive nctentiale

¥Without a knowlcdge of the true form of the potentlal drop,
due to this cause, it is not po:zsible to detevmine with gy degree
of certainty what vnet, if any, of the reasured effects micht be
coming from Allce or Hall lodes. Wy assuming o axwoth shape
for this stroy potentisl offect, as has becn dome in the case of
the curve for Jul, it is ossible to arvive st a potential curve
which may be duc to the effects of the lodes. It will Te obhsarved
thet this trestment of the resulis gives e nerntive centree which
coincldes with Hall's lode; however, « giudlor treatiient of the
other curves gives results which are nct rs pronisinge In view
of the uncertainty which exists in the interprotati o of the
results, the method commot be vejarded as a satisfuchory one for
those parts of the 'Moonta area which lie ncar the torm of loontae

2. Lldep's lUadn lode - Tavior Shaft Scetion ~ Loyout Te

a 4 gtione. The layou’ conglsts of fowr treove 'ces ,
namely, 0,70v, 120¥ and 170%W, which extend {rom LOOS to 600N of

Flder's Main and Hast lodes, the lotler being cn ¢ffshoot
of the fommer, cross the lgyout at a. rox 1.etely 100150 foet
south of the base ine. Ihe lodes dip at eprroxinmately 60 Jogrees
to the northwest.

Taylor f'ault intercsccts the abovawnticned lodos ob r 10X
inately O0C feet vro - the swiface on. itc nrojected Luterop ¢roisses
the layoul nt arproxinately 2005

#lder's “est lode also lies bonoath She area tooted, Ita
uppe edgre i arproxinately 630 feed ro.: the surface ut the Jost
lole shesr iy wotsibly -cach tho swefacc. Ite srojeeteu cuterop
vould cross the lmroul of approxinmately 3001,

Diekinson's lan of :‘he Lode structuces at loonta chows two
eross features, one with “trike of the Jest-lode sheny and the
other with s northwest-southeast strike crossing #Wlder's fain and
East lodes to the lrmediate C.7e of 7aylor shaft. These cross
features are not shown on the nlan for layovt & hecause their plan
position is not knorn for zertain.

be Potentisl urasdient 'cihode The resulls of this tcst
are shown in the ' rmr of a potentind gradient eontou» plan on plate
Te

Two pronounced conductive gzones c.oss the lgyout. The 1osh
southerly of these is a wide zone eontalning twe ninina.  ldor's
Hain and Dast lodes pass throuph this conductive zone but the-e is
nw obvious correlation betrouen the condu}:ive ninime end the lodes.

Tie wu croos featurcs entloned above ray ¢rosse the layout
and 1t is believed thut one or both of thece Teotures Ry have
influenced the resulise

The strong conduciive ‘nuaicetion whichaosscs the 1ayout
betucen 4500 one LTSI 48 too Ter 4. the novtiwest to pemdit n
correlation between it and the Jeost lodc wheore It is & strong
feature and ita .trike reseubles that of the lain lode shenr. 1t
may pocssibly reprecent a northerly eontinustion of Tenncit's lode
which hus bhls girike and; wvhere kown, lles approxinatelr 050
feot to the weal ol Zlder's Usin iLode.

The projectoa outciop position of tie .csl lode shear crosses
the layout at approximately 300W. but it is not !-.own for certain
whethor this feature actuaily reaclics the surfaces Therols no



indication near 300N which could be correlated with the VWest-lode
dhear.

No indicatlion was obtained over the assumed outcrop of Taylor
faUlto

c. Self-potential Method. A survey with this method was
made of {traverses 70W and 120W and the results in the form of
potential profiles are shown on plate 7. As was the case in other
teste with this method the surface conditions were nost unfavour-—
able, The indifiduel readings were somewhat erratic in their
behaviowr but the profiles as a whole show a certain regularity
of potemtial distribution which the smoothed curve is intended to
represent.

The most outstanding feature of the curves is the potential
maximum which occurs at approximately L475N on traverse 12017 and
to a lesser extent on the adjoining traverse.

This maxinum ov positive centre coincides with the pronounced
resistivity minimwn-on the northern side of the layout., The
occurrence of a positive centre is a surprising result ang there
is nothing in the known geology which cen accowumt for it.

In view of the fact that large positive earth potentials were
found to be associated with the town D.C.8upply on leyout A, it
ocems g reasonable assumption that the positive centre hereln
described is in some way connected with such a supply. Layout B,
however, is wore than a mile from the township and the conncetion
tetween the positive centre and town D.C., supnly is not obvious.
However, & pipe line connected with the town water reticulation
system crosses the conductive zone with which the positive centre
coincides at no great distauce to the southwest of traverse 120V
end this pipe line might be at a high positive potential which
it in turn has landed on to the conductive zone it intersects. The
fact that the positive potentials on traverse 70V are less than
on traverse 120W could be consistent with this theory.

\\.\A(’ ARSN

In view of the fact that the pipe 3#F question 8lso intersects
other cinductive zones on the layout, it is not possible to deter-~
mine which of the effect measured are due to causes such as
outlined above and which, if any, might be due to oxidizing sulphide
mirerels at depth. The latier cause would produce negative centres
in contrast to the positive elfTects of this siray source.

3+ Elder's Main and West lodespear Warmington's Sheft - Layout C

8. Introduction. This lgyout is traversed by Elder's Main
lode, Elder's West lode snd Teylor fault.

It should be apparent from the preceding discuccicn of the
physical character of the lode structures that the mein lode shear
i1s not developed with equal intensity at all places along its
length and that where the ore~shoots occur shearing has probably
been more intense than elsewhere on the shear.

From a geophysical point of view, one would expect strong
reactions from the Main-lode shear over the ore shoots snd poor
reactions elsewhere on the shear. Apnlying this to the area under
discussion one might, on the basis of the sto?e plan shown in Dr
dack's report, classify that section of Elder's Main lode between
traverses 100E and 200W, layout C, as one over which poor reactions
areto be expected, while that section between tragerses 200W and
300W, layout C, might be classified as one over which relativsly
strong reactions might be expected.

* !
é§P§Qﬁiﬁ§idgﬂ%é§g¥gg§cite coal deposits are sometimes the source



As regards the vest lode shear little is known of its character

near the surface. The upper 1imit of the West lode ore body in the
vieinity of layout C is 240 feet from the surface but Dr Jack states
in his report that the ttrack'! of the lode persists towards the sur-
face. It is difficult to determine from pihlished descriptions of
the lodes what physical character this lode *track' hass In one or
two places where 1t has becn described it appears to conslst of a
few inches of crushed material containing a 1ittle quartz and copper
sulphide. If this description applics generally to the viest lode
shear near the surface in the area ‘ested, no app - eclable geophysical
reaction could be expected fron it.

(b) Rotential Gradient lethod. The results of this survey
are shown in the form of a potential gradlent contour plan on plate 7.

A gone of low resistivity values crosscs the layout between 0
and 1008. It embraces two linc: of minima (shown by the closed con-
tours) the most northerly of which coincides roughly with the out-
crop of Elder's Main lode. The coincidence is best on the south~-
western edge of the layout and there is liitle doubt that the line
of minima is due to the main lode shear. It will be obscrved that
the indic:ition is most intense ol tpoverses 200W, 250W and 300W.
Geological evidence suggests that the ghearing is more intense over
this section of the layout then elsewhcre on the layout so that &
correlation is possible between degrec of shearing and intggity of
indicaticm.

The second line of minima passes through, and is rost intense on,
9084 200W, 958/100VW, and 708/50E. In plan position 1t is midway
between the assumed outerop of Taylor fault and the outcrop of Elder's
Main lode. It may be due to an or'fshoot of Elder's Main lode (4.1,
Elder's Egst lode on layout B) or to a parallel shear of the Main
lode type. On ¥he other hand the position of Taylor fault at the
surface is uncertain end the indication nay poussibly be due to this
feature.

A weak conductive indication crossing traverse 0 at 150N and
traverse S50E at 165N coincides roughly with the pro Jected position
of the Veste=lode shear. Elsewhere along the course of this shear,
resistivity values are high and on tr verse 200W the projected
position coincides with a resistivity maximun,. As stated earller
in the discussion of the physical characterisitcs of the shears,
there is reason for believing that the West lode shear near the
sufface comprises a few inches of crushed material containing quartz
and copper sulphides 80 that the absence of a deiinite electrical
effect over the feature is not surprisinge.

Other conductive indicstions on the lgyout are 1ln areas of
unknown geology. With the exception of the wide zone along the
southeastern edge of the layout, these conductive indicatlons are
discontinuous in strike and no attempt will be made to interpret
them in terms of geological struciurcss

It is believed that the low resistivity values on the southeaster:
cdge of the layout are due in part to the nearness of the power e€lec-
trodes and that a repetitibn under more favourable electrode con-
ditions might remove part, if not all, of the effect. It will be
appreciated, therefore, that an interpretation of this effedt in terms
of geology is not justified.

(gl_ggg%ggég;gggg%%;anany of the lodes at Moonta contaln
appreciable gquan ities of tite. Although this mineral 1s only
weakly magnetic there was & possibility that it would give rise
to weak magnetic anomalles which would serve to trace the lodes.

Vertical megnetic intensities were determined on traverses
100W and 150W and the profiles ahe shown on plate 7.
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It will be observed that variations of the order of 150 gamma
occur on the profiles but these variations do not bear any relation-

ship to the known geological structures.

The variations may be due to segregations of magnetic minerals in
the porphyry.

L. Wild Dog Lodes - Layout D

as, Introduction. The shear 1n which the Wild Dog lode occurs
is probably a continuation of Elder's West lode shear. A small but
very rich shoot of ore was worked in a part of the shear a few
hundred feet southwest of the area tested. A shaft near the centre
of the layout dbcloses a band of weakly sheared porphyry without
lode filling or appreciable amounis of crushed Material. No. 15
diamond drill hole, shown on the accompanying section of traverse 50W
proved the downward continuation of the lode. This drill hole
intersected two other lode formations, one 4 feet wide and the other
8 feet wide, lying to the northwest of the Wild Dog lode. These lodes
evidently traverse the area tested.

{(v) Potentisl Gradient Method. The layout consisted of two
traversee, namely H0W and O, and the results are shown in the form
of a potential gradient plan on plate 8.

It will be observed that three conductive zones cross the
traverses but nons of them coincides with known geological features.
The known lodes or shears gave no recognizable anomalies.

ce Self-Potentlial Method. The two traverses were surveyed
by the self-potential method. Potentials measured were so erratie
that effective smoothing was not possible. There 1s evidently no
negative centre present which can be associated with the known miner-
alization.

d. Hagnetie Method. Vertical magnetic intensities were
measured along traverse gero. The profile, shown on plate 8, has
mihor irregularities along its length but the amcothed curve shows
a pronounced fall in intensity from south to north, suggestive of
a regional effect. Swuch a regional effect may be due to magnetic
segregations within the porphyry.

5. Elder's Maln lode - Smith's shaft Section ~ Layout E

a, Introduction. The layout comprised two traverses,
namely O and 508 each 1200 feet in length.

The traverses crossed Elder's Main lode, Elder's Last lode and
the so=called Diamond Drill lodes the outcrops of the three lodes
lying between 100E and 200E. The two last mentioned lodes are evid-
ently dbranches of the Main lode.

The tests were confined to the self-potential and magnetic
methodse.

be Se%f—gotential Method. Traverses O and 505 were surveyed
by this me o As was the case elsewhere in the district, surface
conditions were unfavourable.

The results of the test are shown in the form of profiles and
a contour plan on plate 9,

The profiles show minor irregularities along their length but
it is apparent that a large positive indication is present on both
traverses in the vicinity of 250E.

The axis of this positive centre lies approximately 125 feet
to the east of, and has the same strike as, the Main lode., The

Eastern and Diamond Drill lodes are nearer the axis but none of the



lodes coincides with ite.

The cause of the indication 1s unknown. NO potential gradient
survey was made so that it is not possible to tell whether this
indication, like the positive S.P. indication on layout B, is assoc-
iated with a conductive gone.

As far as is known, the area is a considerable distance from
sny pipe line connected to the town water supply, so that it is
doubtful whether the positive potentials can be attributed to stray
town D.C. supply.

This fact also introduces a doubt as to the cause of the slim~
jlar indication on layout Be The explanation offered in th case
may not be a true one.

In the event of a routine survey being made in the Moonta
district, a nore detalled investigation of the positive self-potential
effeets would be justified and in fact, would be essential to the
understanding of the cause of the indications and their assocliation,
if any, with the lode structures.

d. Hagnetic Method. Traverse 50S was the anly ane investig-
ated with this method and the magnetic profile corresponding to it
is shown on plate 9.

It will be observed that the curve has & smooth shape in which
two maxima are apparent. The most easterly of these is a broad
feature with high intensity values over that seetion of the traverse
between 200E and 500E. The maximum value over this section appears
to be at 300E., The other maximum has high intensity values between
125E and 50E, with a meximum value at 1005, This maximum coincides
with Elder's Main lode if it is assumed that the eff: et is coming
from gbout 50 feet from the surface. The broad maximum, however,

is too far east to permit a correlation between it and the eastern
and Diamond Drill lode. A more likely explanation of the magnetic
curve is that the magnetic effect 1s due to a magnetitite segreg-
ation within the porphyry and that if the lode shears had not been
present the curve would have had a shape as indicated by the dotted
line, i.e., there would have been only one broad maximum instead
of two narrower ones.

It is sugpgested that the shearing has resulted in the alteration
of the magnetitite to hematite or other non-magnetic mineral with a
regult that in the vicinity of the lode shears the magnetitite con-
tent of the porphyry is less than on either side resulting in the
reduction in magnetic intensity in this part.

This argument is highly speculative and additional evidence
is reguired before the true character of the anomalies csan be
determined.

IV, CONCLUSIONS.

The objeet of the geophyslical test surveys was to determine,
if possible, whether the copper lodes, or the structural features
assoclated with them could be detected beneath a covering of clay,
travertine limestone, and soil by geophysical methods.

The ideal place for such tests would have been over a known
but wnworked copper lode of reasonable dimensions, i.6. over such
a body as & routine survey would seek to discover., For the Ob-
vious reason that all the known lodes have been extensively mined
in the past, such ideal conditions for testing were not presented.
The nearest approach to these conditions was found in the case of
the Stirling lode at Kadina where, because of 1ts8 low copper con-
tent, a wide lode with lode f£illing comparable with that in the
worked lodes remains more or less intact. A number of tests were

made over this lode.
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At other places tested only the upper and leached portions
of the lodes remained, while in some Instances tests were made over
scctions of the lode channel where the lode was absent or was only
a very narrow feature.

It will be appreciated, therefore, that in assessing the value
of the tests as a whole more weight has been given to the rcsults
of the Stirling test than to the results of others.

Tests with the poilential gradient{ method gave reasonable
correlations betwcen conductive mones emd the lode shears in the
Stirling test at Kadina and in the tests on Alice and Hall lodes
and Elder's Main lode at Moonta. Similsr tests on the iallaroo
lode and Kurilla lodes at Kadina and on the /114 Dog lode at Moonta
gave, at the best, a very poor correlation between known lodes and
c.onductive zones.

To sum up, it might be sald that the potential gradient method
showed that some sections of the lode shears were electrically con-
+uctive and that such sections can be traced by the method.
Furthernore, the results suggest in a general way that there is a
relationship betwecn the strength of the electrical indication and
the intensity of shearing; the relationship being based an the ass-
umption that the loue filling favoured the most sheared portions
of the lode shears,

A limited poiential phase test made over ithe Stirling lode
gave promising rcsults which warrant further tests by this me thod
in the event of a routine survey being made.

Tedts were made with the electro-umgnetic method over the
Stirling lode and the Kuriila lodes.

The principal effect measured was due to ihe presence of a
layer of conductive clay near the surface bul miuor anouaulles,
which co1d be associated with the known lodes, were superimposed
on the effect of the cluy layer. The method might prove to be a
useful one for raplid reconnaisance purposes.

i
The self-potential method was used améd tests over the Stirling,
Kurilla and Duryea lodes at Kadina -nd over Alice and Hall lodes,
Elders Main lode and the Wild Dog lode at MHoonta.

Surface conditions were found to be extremely unfavourable and
pédtentials generated at the artificilelly prepared surface contacts
introduced a counsiderable uncertainty into the interpretation of
the results,

A definite reaction which can be associated with oxidizing
sulphide minerals in the Stirling lode was found in the test on
that area. AB it was the only lode Bested ir which any appreclable
quantity of the original sulphide lode remained, the result augers
well for the successful appliecation of the method on undeveloped
sulphide lodes, should such be present elseilere on the area. It
is suggested, however, that any routine survey by this method should
be made at a time of year more sultable than that at which the
tests were made. The area receives most of its rain during the
winter months. The obvious time for a self-potential survey is
therefore during the winter when the soil 1is moilst.

The results of magnetic tests gave little promlse for this
method. Anomalies were present on most of the traverses but the
reason for their occurrence is obscure. It is believed that the
magnetic results reflect susceptibility changes in the bedrock.

In the case of the Kadina sregsuch changes may be related to the
various rock types present but the only explanation which can be
offered for the varistions in susceptibility at Moonta where bedrock
is a felspar porphyry is that segregations of magnetiec minerals
occur within the porphyry. "hatever their cause, it 1s apperent
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that the magnetic results bear little, if any, relation to the
lodes or assoclated struetures.

Tests made over the Eastern and Western shear zones which
appear to confine the ore shoots in the Wallaroo and adjoining
mines sugcest that these stiructures are electrically conductive
and might be traced by the potential gradient method.

In view of the excellent chances which appear to exist for
the occurrence of hitherto undiscovered ors bodies and the diff-
jculties associated with their discovery by other means, 1t is
believed that the results of the geophysical tests are sufficiently
encouraging to warrant a geophysical survey of the Moonta-Kadina
copper ares.

Because the lodes occur in a homogeneous rock (felspar
porphyry) at Moonte whereas at Kadina the country roeck has a variable
habit, it is suggested that a survey be carried out in the first
instance at Moonta and that the results of this be thoroughly tested
before extensive surveys of the Kadina snd surrounding areas be
undertakene.

It should be clearly understood that the geophyslcsal me thods
would be primarily directed towards the dieclosure of the structures
with which the ore~bodies are associated, Providing these struc-
tures can be located by the methods, the selection of places
favoursble to the occurrence of ore shoots would be governed largely
by the geologieal interpretation of these ssructures. The term
largely is used advisedly because, at least onse of the methods,
namely, the self-potentlal method, might give dircet lndications
of the sulphide minerals which occur in the lodes, and hence locate
the lodes directly.

(R.F.Thyer)
Geophysicist

Canberrsa,
31st July, 1942,
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