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GEOMETRICAL INVESTIGATIONS IN THE KALGOORLIE AREA WESTERN
AUSTRALIA. PROGRESS REPORT

-SUMMARY

This interim report sets down . the results Of work carried out
to date on trace element studies in the Kalgoorlie area. Most of the
samples analysed are from subsurface rocks. • The analyses for arsenic,
copper, cobalt, nickel and vanadium are presented in graphical and tabular
form. Arsenic appears to be the only one of these five elements associated
directly with the gold mineralisation.^Some future approaches to the
overall programme are discussed.

INTRODUCTION

•^ The purpose of this record is to set down the resultsof
preliminary geochemical studies of the trace elements associated with and
surrounding gold—bearing lodes in the Kalgoorlie area Western Australia.
Events leading to the initiation of this programme are outlined by
Pontifex & Le Roux (1965).

The samples used for the work were submitted by Western Mining
Corporation, Kalgoorlie, and were collected from the various mining
companies in the area viz. Great Boulder, Gold Mines of Kalgoorlie and
Lake View and Star. The mines of these companies are situated in the twin
townships of Kalgoorlie and Boulder. Other samples submitted were obtained
from Western Mining Corporation's leases near Ora Banda, 36 miles north—

' west• of Kalgoorlie township. The locations of the various mining leases
are given by Finucane, (1965).
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SOIL, tOPOGRAPHY 9 VEGETATION AND CLIMATE

The area is flat-lying with red clay soil and few ro1 outcrops..
The vegetatTen consists mainly of salt bush and light timber0
experiences^an 8 inch - 10 inch rainfall and a mean annual( teeerature
range of 400F .,-,.92°F.

PREVIOUS WORK

Trace element studies have been carried out in individual
areas by Western Mining Corporation but results are unpuLished.

GENERAL GEOLOGY

The most recent contributions to the geology of the Kalgoorlie
Goldfield are Hayoraft (1965) 9 Woodall (1965) 9 Finucane (1964 9 1965) and
Wells - (1904).

SAMPLING PROCEDURE

With the exception of Ora Banda samples, which are repre-
sentative of soil 6" - 12" below the surface 9 the samples were all taken
from underground. Some are chip samples taken across lodes exposed in
underground workings, others are derived from drill-core from underground
drilling 9 and were collected by mine geologists and crushed prior to
delivery to the Bureau of Mineral Resources. Duplicates of most of these
samples are 'held. by Western Mining Corporation. The Bureau has retained
portions of all the samples submitted.

ANALYTICAL PROCEDURES AND RESULTS

The methods used were-

a) Emission Spectrography b) Colorimetric

Emission spectrography

The instrument used was a large Hilger Quartz Spectrograph
operated under the supervision of A.D. Haldane. Briefly, the procedure
adopted. was as follows:- The soil samples were oven dried at about 195 °C
and ground by handto pass through an eighty mesh sieve. After preheating
the. samples to 500

o
 C9 they were loaded into hollow electrodes and arced to

completion. Most of the samples were diluted 1:1 with pure washed silica
sand to help' the arcing behaviour. The resulting spectra were photographed
and the location and intensities of the lines compared against standard
plates.

Details:-

Plate type N50
Arc length 6mm
Arc current 10 amps
Slit 8 micron by 2mm
Development 2k minutes at 68°F
Developer hydroquinone/sodium carbonate
Range 3600-2480 angstrom
Electrodes 14206 e C
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b) Colorimetric

Arsenic was determined using a modified Gutzeit method.
(Sandell 1959).

0.2g of crushed sample- (-100 mesh) was fused with 2.0g of
potassium hydroxide in a nickel crucible. The contents of the crucible
were transferred to a 100m1 conical flask with water and concentrated
hydrochloric acid. 14 ml of the following solution were added:-

30 ml 10% Snel2 )
125 ml conc. HC1^500 ml with distilled water.
50 ml 15% KI

After placing a mercuric chloride paper in the Gutzeit head,
3.0g of zinc (low in arsenic) was added and the head placed on the flask.

The stains on the-paper due to the reaction of the liberated
arsine werecompared with standard colours.

Some checks-were carried out using the Meteropoly Molybdenum-
Blue Method (Sandell, 1959).

It was originally intended that the Direct Reading Mission
Spectrograph would be used to analyse the samples for about thirty trace
elements. However, the instrument was not in operation when the results
were required so the list of elements was amended and alternative methods
had to be used.

The results are tabulated in Tables I to X and the relevant
sectional maps are shown in Sections 1-7. The results have also been
plotted on three cycle, semi-logarithmic paper and are shown in Figures
1-23.
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DETAILS OF MINERALIZATION

A survey of the literature and studies of polished sections by
I. Pontifex (B.M.R.) showed that the following minerals have been identified
in Kalgoorlie ore.

Telluride minerals (in approximate order of abundance)

Calaverite AuTe2
Coloradoite HgTe

Petzite Ag3AuTe

Sylvanite AuAgTe4

and in subordinate abundances

Krennerite AuTe2
Hessite Ag2Te

Altaite PbTe

Melonite NiTe2
Weissite Cu2Te

Nagyagite Au(Pb 9 Sb 9 Te) 8

Tetradymite Bi2Te2S

Native tellurium Te

Tellurbismuth Bi Te.2^. 3
'Associated metallic minerals 

Native gold AU

Pyrite Fe52

Arsenopyrite FeAsS

Fahl ore (argentiferous copper sulphide)

Bournonite 2Pb Cu2S 5b253
Enargite Cu2S 4CuS (AsSb) 2 S3

Jamesonite 4PbS FeS 35b 253
Stibnite Sb 253
Galena^PbS

Sphalerite ZnS

Chalcopyrite Cu2S Fe2S3

Tetrahedrite 5 Cu25 2 (CuFe)S 2Sb 2S3
Hematite Fe203
Scheelite CaO W0

3 
(commonly with some Co)

Loellingite (Fe 9 Co 9 Ni) As2

Magnetite Fe 0
4



The following list of non—metallic minerals which are
associated with the Kalgoorlie ore is geven by Lindgren (1906)0

Fluorite^CaF2

Rut ile^TiO2

Calcite^CaCO
3

Dolomite^Ca(Mg9 Fe) (CO3 ) 2

Siderite^FeCO
3

Ankerite^Ca (Fe24. 9 Mg9 Mn) (CO3 ) 2

Sericite^hydrated K9 Al, silicate

Chlorite^hydrated Fe, Mg, Al, silicate

Albite^Na, Al silicate

Tourmaline^Na, Fe, B9 Al silicate

Silica is also present

Simpson (1902) gives various chemical analyses of Kalgoorlie minerals

Calaverite^AuTe2

Ag^Cu^Se

^

0.5-4.8%^0.63%^1.13%

Goldschmidtite^Au Ag Te2

^

Ag^Cu^Se
9.76%^0.32%^0.4

Petzite^(Au Ag) 2 Te

Hg^Cu^Se^Sb
2.26%^0024^1.45%^0.30%

Kalgoorlite^Au2 Ag6 Hg Te6

Hg
10.86%

Coolgardite^(Au Ag Hg) 2 Te3

HgSb

^

3.70%^OC.4%^1.24

Enargite^Cu3 AsS4
Au^Ag^Cu^Zn^As^Sb^Te

^0.14^0.22% 41.69% 2.68%^16.87%^4.30%^0.05%

Coloradoite^Hg2 Te3

Hg^Au^Ag^Te

^

50.40%^trace 0.12% 49.48%
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ELEMENTS ASSOCIATED WITH THE ORE

From the lists above it appears that the following trace elements
should be associated with the ores- Au, Ag ) Te ) Pb ). Cu ) 4b - ; Hg ) Ni ) Zn )
As ) Bi ) W9 Co and B.

In addition it is suggested that vanadium is associated with the
gold mineralisation. Simpson (1902) quotes roscoelite ) a vanadium mica )
as being a secondary mineral in the lodes. He gives the vanadium content
as 27.11% V

2
0
3°^Maclaren (1908) also reports roscoelite.

No molybdenum mineral is reported in the literature nor has any
been observed in the mine workings. However, an underground sample from the
Hamilton No. 3 West Branch (Table IV) has a molybdenum value greater than
1000 p.p.m.

Results show that molybdenum ) tungsten ) silver ) antimony, mercury
and arsenic occur in greater Concentrations in mill-feeds than in country
rocks.

Tellurium has not been placed in this latter list although .
thirteen telluride minerals have been reported (see page 4). The analytical
methods used to date have not been sensitive enough to show a difference
between the tellurium content of mill feed and country rock.

The following elements therefore appear to be associated with the
ores- Au ) Ag ) Te ) Fe, Pb ) Cu, Sip ) Hg, Ni ) Zn ) As, Di, W9 Co, B 9 V and Mo.

DISCUSSION

Of the five elements considered in detail in this investigation
(arsenic, cobalt ; copper ) nickel and vanadium), arsenic appears to be the
only one showing a direct relationship with the gold mineralization. Primary
dispersion is erratic. Arsenic values range from virtually zero to several
hundred parts per million and the fall-off from peak values to background.
values takes place over varying distances even in the same rock type. The
background value for arsenic in unmineralized Golden Mile Dolerite-is about
20 p.p.m. (Table XII). In the Lake View Lode (Fig. 3) where the peak value
is about 500 ppm ) the fall to 20 ppm takes place in 50 feet; the rock is
Golden Mile Dolerite. In Hamilton No. 3 West Branch the rock is again
Golden Mile Dolerite but the fall-off from 200 ppm to 20 ppm takes place
over 10 feet. A preview of soil to bedrock relationship for arsenic is
given by the results obtained from the analysis of the Ora Banda samples
(Tables VII-X ) ,Figs. 19-23). These samples, representative of the soil 6"
to 12" below the surface ) have anomalous arsenic dispersions covering hundreds
of feet. It would seem from this limited evidence that arsenic is a-good
indicator for gold mineralization. It must be noted that no results have
been obtained for underground samples from Ora Banda or soil samples from
Kalgoorlie.

Copper, vanadium ) nickel and cobalt do not show significant
concentrations near the gold lodes. For most of the samples studied, rock
type (dolerite ) basalt) ) grainsize (fine, medium etc.) ) degree of bleaching,
shearing, mineral content, (ilmenite, leucoxene, epidote etc.) are known.
All or some of these factors could contribute to the migration effects of the
element being studied and must be considered. Choosing one element, two



traverses and some thirty known facts about the sample, it is a feasible
exercise to seek some common factors as reasons fOlf , a high concentration of
the element.. lWhen five elements, fourteen traverses and about thirty-fie
factors (Table XI) are all taken into consideration 9 not only are deductions
from such a diversity of facts very difficult but the compilation of these
facts so that they, are quickly retrievable also presents a problem.- One
way to store the information to ensure that it is quickly retrievable is in
a punch-card system. This would also make the correlation of the variable
factor's easier.

Reference has been made (page 6) to a molybdenum value of
greater than 1000 ppm. Molybdenum does not appear to migrate very fax from
the lode. A sample nine inches across strike from the lode contains 70 ppm
molybdenum, while at six feet the molybdenum value has fallen to less than
1 Ppm. The only other molybdenum occurrence found is in the

, Eastern Lode
System (Table VI). Sample number B.M.R. 011269, W.M.C. 129 has 5 ppm:
molybdenum. This sample is 200 feet from -a-major gold lode.

One aspect of the geology which has been suggested by Western
Mining Corporation and confirmed by the chemical results is that the Golden
Mile Dolerite is a differentiated sill. The Horseshoe traverse (Figs. 1
and 2) which spans the basalt-dolerite junction shows definite zones in the
dolerite where vanadium and nickel in particular are concentrated or depleted.
This is also evident in Figs. 11 and 12 and Fig. 13. The maximum value for
vanadium occurs about 1100 feet from the basalt-dolerite boundary in both
Figs. 12 and 1 9 Sections 6 and 1. This maximum value is followed in each case
by a depletion in vanadium to 3 ppm within 200 feet of the maximum value. )
Similarly nickel has a maximum value of 150 ppm about 100 feet from the
boundary in Figs. 2 and 13 9 Sections 1 and 6 and in Figs. 2 and 11, Section
'1 and 6 decreases to zero at about 1400 feet from the dolerite-basalt
boundary. This kind of fractionation is well documented in the literature
Goldschmidt, 1954, McDougall, 1963, Rankama, 1950. The Chemical evidence
supports mineralogical evidence obtained by R. Woodall and G. Travis.(pers.
comm.) of Western Mining Corporation.

Table XII shows the average concentrations of the various elements
in the different rock types, and the order of magnitude of these average
values.. The general order is:

V 4, Cu )N1Ni "›, Co^As

There is an exchange of position between nickel and arsenic in the Golden Mile
Dolerite. These higher arsenic values are possibly due to more gold deposits
in the dolerite than basalt.

CONCLUSIONS

GENERAL

Studies to date indicate that arsenic is the only element clearly
associated with the gold mineralization.

Elemental variations support the mineralogical evidence obtained
by Woodall and Travis of Western Mining Corporation for "zonine 9 in the.
Golden Mile Dolerite.



RECOMMENDATIONS

As one aspect of this work is to obtain information on element(s)
which could be used for geochemical prospecting in a Kalgoorlie—type area
it is suggested that the following elements be determined in both the
primary zone and soil samples.

Au, Ag, Cu, Sb, Hg, As, W9 B2 V9 Mb and Te.

Until analytical results have been obtained for such elements as
Sb, Hg, W9 B9 and Te, it is difficult to draw conclusions as to what import-
ance to place on any given elements in the list.

Thirteen telluride minerals from Kalgoorlie are shown (page,4)
and it is obviously important to determine the distribution of tellurium.
A method is being developed in the B.M.R. geological laboratory (Marshall,
1965) with which it is hoped a detection limit of 0.2 ppm in the solid will
be obtained. Baxter (1964) reports a background in the Cripple Creek area,
Colorado, of 0.5 ppm tellurium. An analysis of a sample taken over a
mineralised area showed 12.5 ppm tellurium.

Mercury is another element where the detection limit of the
analytical method needs to be low. According to Williston (1964) a detection
limit of.well under 1 ppm needs to be achieved. Instruments are in use,
based on the principAe of atomic absorption for which a sensitivity of 1 part
per billion (1 in 10 7 ) is claimed. These instruments are not commercially
available as yet.

Another problem to be kept in
determining a suitable sub—surface depth
to be below the surface contamination of
windborne dust etc., which abound in the

mind for future work is that of
for soil sampling. This will need
old workings, slime dumps, old mills,
area.

A system of information storage, such as a simple.punch—card'
system is needed because of the number of parameters involved in the inter-
pretation of the results.. -,
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