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ABSTRACY

A geophysical investigation was undertaken
Dy the Bureau of Mineral Resources between April and June,
1955 at the Carcoar cobalt deposits, N.3.W. The survey
was made in order to augment previous geological and
radiometric work over the covalt-uranium workings. The
Department of liines, #.35.,W., as the result of a geological
report by . O. Rayner and !. *alph (195L) advocated the
geophysical survey.

lagnetic, self-potential and eleciromagnetic
methods were used, and sorie geochemical sampling was also
done,

The magnetic method was successful in outlining
the extent of the main diorite intrusive, ain occurrences
of eobalt-uranium mineralisation appear to he concentrated
along the slate/diorite contact over a Helt approximately
700 feet wide. Continuation of resciometric proszecting is
recomnended along thisz boundary to the north-east ané south-
west. Some magnetic anomalies in the central southern section
cannot at present be corrclatec with mineralisation.

Ilectromagnetic methods gave a serics of indications
varying from very weak to strong and which are believed to
delineate a snear system in the area. Varying conductivity
alonz the shears and the results of geochemical as-avs indicate
local mineralisation in the shear system. The indications
show two main directions of strike, those trending N30F having

‘some conirol of uranium concencraciorsbecause radiosctive

anomalies amnear to gstriiie parallel to these and are confincd
to the margins of, and between zones of, high electrical
conductivity.

Self-sotential observations gave no useful results
over some test trave.ses and were discontinued,

Some samnles were tested geochemically for copner,
cobalt and uranium, ané gave Hositive analyses for copper
over some electiro-magnetic anomalies, Copper as=ays showed
well pronounced maxima practically coinciding with the
electromagnetic indications. Uranium assays did not show
such good asgreement,

Txploration of the deposits should be startesd by
trenching. . his snould e followed by diamoné drilling,
subject to study of the information obtained from the
trenches., Locations for twelve trenches are sugrested.
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1.  ISTROLUCTION

The Carcoar cobalt workings are situated about one
mile south of Carcoar township, which is some LO miles south-
west of Bathurst, New South “ales (Flste 1). ‘“he geophysical
survey desc:ribed in this report was made bYetween Anril and
June, 1955, by the Bureau of kineral Resources as a result
of a reguest by the N.S.W. Department of kines. ‘'rhis request
was based mainly on the results of a geological investigation
made by Rayne:r and Ralph (1954). The survey was made with
the object of augmeniing the zeological and radiometric data
already ootained, and plaunning a develonment programme.
Ceophysical wori was done in sections of Portions 1, 2, 3, 7,
O and 9, Farish of Shaw, County of Bathurst. '

A preliminary report on tne results of the
geonhysical survey (Daly, 1955) was issued in Septenber, 1955.

"he mineral leases are held by a syndicate, and
uranium minerals are nown near old cohalt and copper workings.,
‘ne area is accessible to vehicles, and the moderate toposraphy
and open grazihg country are suitable for geo: hysical zrossecting
methods. ' :

2, BISTORY AL PREVIONS SURVIYS.

Torbernite, closely associlated with cobalt, was
first recorded in the area by G. W. Card (189L) and autunite
was confirmed in a sample from the cobalt woriings in 1916,
The srea was worked for cobalt from 1891 to 1895 for a total
production of adout 110 tons of cobalt ore.

During an cxemination of museum mineral specimens
for radioactivity, it was found that samsles of molybcaenite
and cobhalt ore from Carcoar were strongly radioactive., After
this, radiometric investigations were made in the Carcoar area
by the Pureau of irineral Resources in 1950/51 (Daly, Dyson
and Pearce, 1951).

The geology of the area has been reported oun by
-atheson (1952), a previous surver by Druce and Langley (1°949)

supplying rezgional data.

An airborne scintillometer survey by ithe Sureau
(Daly, 1953) indicated small anowmalies over aud near the
cobhalt deposits.

A detailed ground radiometric survey was mede over
a larger area by officers of the Li,S.W. Department of kines
(Rayner and Ralvh, 1954).

3. CIOLOGY

The followinz geological description is hased

mainly on the renort by iatheson (1952), and the results of
his detailed survey are reproduced as Plate 2.

The cobalt-uranium deposits occur in a narrow belt
along the southern limits of a hornblende~diorite hody, which
forms the nose of a south-pitching regional anticline.

Granite forms the core of this structure and is thought to

be the origin of the mineralising solutions. An area of
silicified Silurian slates abuts the diorite and is terminated
in the south-east by a suite of crushed ancesites and tuffs.
Both slates and volcanics are intruded by diorite sills and
dykzes and the area is crossed by a well~developed shear system,

-2



[

1

2,

Radiosctive minerals are associated with cobalt '
minerals and imolybdenite, the lstter occurring mainly in the
norch-eastern worLlngu. tiineralisation in the form of small
lenses, - is confined to a zone.in the slates alonz the contact
of the main dioritec mass, and 1is cont rolled to some degree by
the shearing. Matheson records two iwein directions of

shearing, one striking asporoximetely norin and one N, 300L
Copner occurrences in the arca are attributed to the Same
mineralisation period concomitant :with the Blayney zranite,

Two pnarrow silicified zones occur on a north-easterly
strize, parallel with the slate bedding., Their abrust term-
ination and other geological and geonhysical evicdence suggest
the existence of a fault nlane strilking K.20°W, lintuing with
the shecar outcrop shown on I'late 2,

L. PIZLD OPERATIONS.

In Avril 4935, J. Daly, supervising geona]5101st
accompanied by D. L, Rowston, pnarty leader, made an inspection
of the area and decided upon the orientation of the grid.

After the arrival of ¥, Legge-ilikinson, surveyvor, from the
Department of the Interior, Canberra, a treverse (10) was
pegged and all gzeochysical methods tested. Upon the successful
completion of these »Hreliminary tests the comnlete grid

(Plate 3) was laid out and the geownhysical investigation
commenced.,

“After the return of J, Daly to Melbourne, J. Horvath
(senior geophysicist) visitcd the area and was »nresent during
the eerly stages of the field work. R. Griffin of the
N.5.7. De wartnenu of kines assisted in the survey as observer
for a few days, and P, k. Stott, geophysicist, assisted in the
latter »nart of the survey.

5. SLL.CLION AND APTTICABILITY OF 1::.HODS.

The followino geophysical methods were used :-
(a) tiagnetic,
(b) Self-potential.
(¢) Zlectromagnetic.,
(a) Geochemical,
() xagnetic.
Vertical magnetic force observations were made,
as it was considerec nossible that magnetic intensity
variations would occur ncar the slate/dlorltv contact and
over the cobalt worlinas. ‘wo ‘Jatts Vertical Force Variometers

(Nos. 61319 and 63107) were used, each with a sensitivity
of gbout 30 gammas =er scale division. ieacings were made

‘at intervals of 25 feet or 50 feet, acoordinc to gradient,

along the traverscs shown on Plate L. “raverses were 100
feet apart. Observations were corrected, reduced to an
arbitrary zero, i.e. the value at base qbation 8500 ¥ on 10 M
and plotted as profiles. A contour map of the results is
shown on Flete L,

(b) Self-potential,

Because of the occurrence of copner minerals and
pyrite in cuartz outcrops, measurecmenis were made of natural
earta sotentials, which may he caused Dy chemical reactions
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during active oxidation of sulphide DHodies above the
ground-water table. However, readings with a Canbridge

pH and S.P. meter indicated only normel surface fluctuations
over selected test traverses 108 to 16N and 63, and the 3.7,
measurements weire therefore discontinued,

(¢) ZIZlectromagneiic.

Two electromagnetvic prospeciing instruments were

used in the survey, namely:-

-(i) ‘Luram,
' (ii) Slingraim.

In electromagnetic wo:rll an alternating primary
field is set up in the area under iuvestigation. If, within
the limits of this field, there are zones of relatively high
conductivity, sccondary currents are formed in the subsurface
and arc anjsarent at the surfacec as sccondary fields. 'the
nroduct of the primary and sccondary fields results in an
ellinse of polarisation., Dectermination of the components of
this ellipse in amplitude and phase, and subtraction of the
effects of the oprimary ficld, reveals the presence of any
conductive hodies.

Sulphidc wmineraliisation, granshitic schists,
snearing and fauvliing are among the possible causes of such
secondary ficlds,

Many r~arametcrs, suci &s the size, dispositon and
continuity of ore bodies, exciting frccuency, concuctivity of
soil cover and thc relative conductivity of lode and couniry
rock meke mathcmatical treatment difficult.: As the interpre-
tation depends upon several variable factors, all geological
information available must be talken into consideration.

“The Turam andé 3lingram eguipments, although employing
he same princiyles of field excitation and observation, diffcer
in the means of providing the primary field and in the
presentation of results.,

In the “uram method the primary field is provided
by an audio~-frequency motor sencrator which supoplies cunrent
through a long insulated cable. DPestrcecsults are obtaincd if the
cable is oriented narallel to the strike of the mineralisation
and earthed¢ by ground splies at botn ends, Traverses are
segred at right angles to the cable.

The field distribution is obscerved by two electrically
identical coils, a coaplex resistance bridge and null point
indication device., . The equipwent measures tne ratio of
intensities and the vhase difference between the two coils,
which are kept at a constant separation. '

Traverses were 100 fecet apart with observetion
noints every 25 fect along each traverse. The coils were
=t apart and the frecucncy of the primary field was

he nrimary cable was laid along the beseline (00)
and extended from 305 to 3035. -To obtain completc coveratse
of the area to bhe surveved it was later relaid along 7007,
It was found that ovscrvations within 200 feet of fences were
useless Decause of tne disturbed fields, and these arcas had
to be omitited. Two additional traverses, 413,51 and ql.5N,
were surveyed to give greater detail over the main anomaly.
Tlevation differcnce between the coils were small and terrain
corrcctions were not necessary for wuram reductions. Observed
ratios werc corrccted for primary field and the reduced ratios

-
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and phasc differcuces were plotted as =2rofiles and contours
(Plates 5, 6 and 7).

The 3lingram instrument consists of two coils, an
alternating-current bridge amplifier ¢nd head chones., One
coll acts as a transmitter and is excited Dy a battery~driven
tube oscillator, The transmitier coil »rovides the primary
field and the search coil is used for observing the field
variations., ‘vhe coils arec zTept st a constant distance apart.
Greater mobility of the ecguipment rzsults from not being
bound to any fixed nrimary lay out., Obsecrvations arec made
with respect to a referencs pronortion of the primary field
ancé are reacd directly as nercentages of real and imaginary
components, talling a normal fielcd c¢istridution as 100 per cent.

“Ihe levels of all stations observed are recuired, as tcrrain

corrc¢citlions mist hc made.

In Doith instruments the colls are held in a horigzontal

plane controlled by water levels, and only the vertical
couponent of the field is observed,

The arcz shown on Plate 5 was surveved with the Turam
ecuipment, the Slingram bDeing used only on several test
traverses to compare results,

(a) Ceochcmical,

If soil sambles are talien at some depth bHelow
surface (usuvally about 2 feet) it is found that the soil
convains an arppreciahly higher amount of metal near a vein
thnan furither away from it., “The U.S. Dureau of Mines has
developed some very scusitive and rapid colorimstric methods
for thc determination of small amounts of mevel in the soil.
Dithizone, wnich asssumnes certain shadcs of colours in the
presence of very srall amounts of coprer, lead or zinc, is
the organic rcagent uscd. & weighed quantum of soil is
dissolved in boliling nitric 2c¢id and the solution is trcaved
with dithizone, +he colour of the dissolvea sample is
compared with the colour of samples »nrepared from nown
standard solutions. In this way, the metal content of the
soil at the various samplc points can be estimeted,

The soil samrles were taiken By a ncw sampling
device counsisting of a hard metal drilling it dviven from
the Tand Rovéer motor tnrouch a flexible drive. Only 30
samnles were talken - mainly oan traverses 14N and 16N - because
the equinment broke down and could not hc repairedbefore
the c¢nd of the survey.
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(a) liagnetic.

Results of the magnetic survey are shown as contours
on Plates 4 and & and magunetic profiles along two seleccted
traverses (LS amd 15N¢) are showr on Ilate 6 for comparison

with topogranhic and clectromagnetic onrofiles.

The outstanding feature of the ragnetic observations
is the division of the area into two zones, onec of high
magnetic intensity and the other comparatively undisturbed.

The highly magnetic zone iv the north-woest, with
intensities ranging frow 250 to 2,000 gammas, may rcasonadly
be attributed to the hornblende-diorite. Diorite soeccimens
frosn outcrops on traverse 208 exhibited strong sagnetic
nroperties when tested in the field.
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Radioactivity appeers to be concentrated along
the slate/diorite contact. ‘'‘his assumed contact, approxirately
marized by the 250 gamma contour, docs not coincide with the
mapped gcological boundary, but may be morc sharply dcfined
during developiment work

Radiometric indications are largely absent, however,
from the areas of high magnetic intensity i.e. the diorite.
Some excentions are orobably due to leachinz and wnigretion of
the uranium,

The main diorite mass is crossed by two parsllel
troughs of low magunetic intensity striking N20%, One of thesc,
from 500 %/12F to 300% /20N coincides aposroximately with a weak
clectromagnctic indication and the geologically-mapped shear
outcrop at 3005 /10N, The other trough is narrower, and runs
from 00/6F to 5007%/20K, 'These troughs may outline major shecars
parallel with those to the west of Carcoar.

“he area south of the dioritc contact is magnetically
uniform except for some small anomalies of unknown geological
cause. “hesc anomalies, walch are of the order of 300 geniwas,
strite generally north-east and occur over soil-covered slates,
They terminate abruptly in the north-east near the electromagnetic
indication south of the ¢ woriiings.

7he diorite dykes crossing the area show no
anpreclable magnretic influcnce.

(p) Ilectromagnetic.

Tlectromagnetic resulis are shown as ‘turam ratio
contours (Plate 5), profiles (Plate 7) and as liunes of
indications (Plate 8). Selected Turam, Slingram and magnetic
profiles are shown on Plate 06,

Contours aove 1,00 delineate zones of highcr
conductivity and on Flate 8 the axes of these zones have been
¢lassified as very wealk, weak, medium.and strong. They are
attridbutcd to a system of shears, as tney conform with the
direction of shears as reported by Mathcson (i1952). Incrcased
values of clectrical conductivity coulcd be atiridbutec to an
increasec in the amount of mineralisation within the shear zone.
Coincidence of clectricael indicaticns and high conper values
in the geochemical soil samples supports this assumgption.

the indications, whicih have been nurbered 1 to 10 for
discussion purposes, show trends in two main directions,
namely i, 300% and N,20°/ to N, Indications in the first group
are parallel to the slate vedding and the general striie of
the diorite dykes, 1Indications in the second group show
slight varistions in strike, with the direction N2QOW
predominating, ‘“hcy cut right through thc slates, dykes
and main diorite.

Rodiometric anomalics do not coincicc directly with
the eleciromagnetic incdications but they appear to be controlled
by them, Indicstions 3, L 5 and 6, striking i.309%,arc the
most i~portant in this respcect and are also within a few
hundred fect of the slate/diorite contact.

'he highest Turam ratios occur ovecr indic=tion 2,
and this location, with its apnarent high conductivity and
higher copper values in the soil samples, should be tested

by initial trenching and then by diamond drilling,

A continuous indic.tion teunding to link with the
shear outcrop auv 3000 on 18I is outlined by anormalies 1 end 10,
This indic-tion avacars to indicete ¢ major strucitural Ffeature

-6

&



L)

6‘

parallel to the shear system west of Carcoar (Plate ).
The highly qlllclflod (felsite) bonds crossing the leascs
terminate abruntly on this indication., If the indication
is due to a fault then not only can tac wre~fault felsite
be regarded as one continuous bed, but zlso all the cobalt-
copper-uranium workings would form a line of lenses between
the diorite aund felsite., This asszumption, if wroved, could
aid materially in the investigation of the cxztent of the
mineralisation,

Incdications 7, 8 and 9 form a smaller shear patiern
in the central southern scetion. One strong indication (¥o. 9)
is centrad at 2505 on MS. Minecr alisaulon is notv known in this
locality but further cexamination is warranted. '

(¢) Geochemical.

The results of the geochemical copper assays on
soll samnles, using the dithizonc mecthod, are shown on Plate
? i ? b4

together with the Turam ratios. The copper valucs are ploticd
in parts ner million and show a well-d¢fined curve which is in
good agrecment wivi the clectromagnetic results, <The soil

cover in the arca sampled is rather deen and no outCcrops were
found in the neighbourhood. The soil samples were slso assayed
radiometrically for uranium and the results are shown on the
same plate, 2lso in parts per million but on & larger scale,
Although the uranium assays also show a tendency to increase

in a similar wmanner, uthc agreement is not cuite as good as in
the case of the coprer assays.

IThe results of the geocticmical assays are cncouraging
and the sampling should be continucd and erxtended. “he
asseyinc was carried out in the “uresu's laboratory at
Yelbourne. The copprer assevs were done Hy A, wicholson and
J. Horvath, and the ursnium cs=says by D. lirquhart and
‘', T-angron. X"cﬂauleﬂ:uﬂ results of the ECOCDleCul assavs are

J

given 2t the end of this re-~ort.

7. CONCLUSIONS AND R:COMIIIDATIONS,

Magnetic and clectromagnctic mathods wvere
successful in the area, ond several well-defined enomelics
were observcd, The self-potential measurements were not
successful and were discontinucd after preliminary tests had
been meade,

Radioactivity, in the main, is coufined to slatoq
within a few hundred fcet of the contact with the diorite.
‘"he dioritc/slate contact appears to coincide roughly with
the 250 gamma contour. %ihere is no xnovm radioactivity over
the diorite mass in the magnetically disturbed srea to the
north-west, but the two areas of low intcnsitJ and the basin
structure ccotred on 800L /18l should be investigzeted for
radioactivity. No rock type has Deen found to account for
the rather weak magnetic anomaly in the souvhern section,

Wo indications of radioactivity have becn observed in this
area and no other mineralisstion 1s at prescent nown,

FTurther exnlorstion should he carried out along
the slate/diorite contect to the north-east and south-west.

Llectromagnetic observations gave a scrics of
incications which are cousidersd to be cdue to shears, The
location of the indications is consistent with gecological
evidcncc of shoaring. ‘“he variation in electrical conductivitcy
of these indications is =»robably due to some degrec of
mineralisation. ‘Yherc is e strong noszibility that Incicetion
Mo, 2 coincides with good mineralisation, as it shows high
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wuras retios and nign coppcr assovws in soil seinsles.
= 1 as=ays of soil say for conqer
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o
coront with tine eleot nqur

Un the two tr:. erscs sampled (1LY and 10 Y, the electrouay
indication cnd the hizhest conner velucs coincide el o”uly
whe urenium sszars do not sho~ such close egrecnent  with the
gleetiromagnetic indication and arc relavively low and more

crratic.

“wo main directions of shearing arc outlined, the
. shears striking N,30L becing the wmost importent. Radiomeitric
anomzlics are rougnly narallel to this dircction znd Letween,
or along the margins of, the electromegnetic indications.

~xploration shoula be started with trenching and
detailed geological and radiometric investigation as trenching
nrocecds, wrenching snould dlsclose 2nd prove the geological
causc of the Gcoahvs1c 1 incdications and facilitate a more
detailed 1nbLTQfCudt10n. Soil samsles for geochemical analysces
snould be tolken over @ larger area, cspeclially between
traverses 37 and 200,

Sites for viclve treunches to test the clectromagnetic
indications are shown on Plate O,
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TABLE 1.
GI.OCCHLIMICAL ASSAVS Ok SOII SAnPLIS.
Sample Fo. | Location Co(p.p.m). i U308(p.p.m).

Cu{p.p.m).

UNMEWND 200N oW E WO

L e IR S

18
19
20
21
22
23
2L

25
26
27

29
30

250
275
300
L25
L50
L75
500
c00
925
950
975
1000
1050
1075,
11256

650

875

c00

925 2'dcpth
925 L]..' [}
550

975
1000z

1075E
1075
1050
1025
1000
{5k

“Yraverse 14N
167 10
63 -
- 10
- 20
- 20
- 25
? 35
- 50
— 58 '
31 20
125 25
250 €0
312 -
750 33
187 50

Traverse 16N
- ’ ’ 50
- | 50
62 L 62
30 I 33
562 | 20
562 |40
125 i -

“raverse 8N
62 62
107 55
200 10
750 -
310 -
62 10
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