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Introduction

Bulk rock chemical analysis by proton-induced X-ray and y-ray emissions (PIXE/PIGE) have
been used in exploration geochemistry over a decade. Simultaneous analyses are obtained for up
to sixty elements, ranging in atomic number for 3Li to ^Pb, typical minimum detection limits
(MDL) for trace elements are a few ppm. Similar results may be obtained by XRF spectroscopy,
however this method cannot provide information on the concentration of the elements Li, B and
F.

PIXE/PIGE have been utilized extensively in the search for gold (van Moort and Hotchkis,
1993, Russell, 1995)and volcanic hosted massive sulphide deposits (Pwa, 1996), using rock
powders from relatively fresh rock. The present study uses regolith samples, from which
weathering products (oxides, hydroxides, carbonates, sulphates and clay) have been removed by
sequential treatment with aqua regia and sulphuric acid. The samples come from the Mystery
Zone, Mt Percy, Kalgoorlie, comprising both mineralized and barren samples. The acid
insoluble residue consist essentially of quartz with minor sericite.

The PIXE/PIGE data from the acid insoluble residue shows that the geochemical character of W,
Al, K, Ca, V, Ga, Rb, Rb/K and Rb/Al could correctly define the location of underlying
mineralization at depth. The ratio of Ti/Zr remained relatively constant in different geological
units and can be used to distinguish lithologies.

Geological setting

Mt. Percy gold mine is located on the north-eastern outskirts of Kalgoorlie, Western Australia.
The gold mineralisation at Mt Percy is located in the lower part of the Kalgoorlie sequence.
The sequence is crosscut by a series of north-trending, west-dipping dextral faults, including
the Martiana, Reward, Charlotte and Mystery Faults. In the Mystery Zone, the chlorite talc
carbonate rocks of the Hannan's Lake Serpentinite are intruded by porphyries, with strong
fuchsite-carbonate alteration occurring at their contacts. Primary gold mineralisation is
largely confined to a series of irregular, mostly steeply-dipping lenses within the porphyries
and adjacent fuchsite carbonate alteration zones.

Sampling and sample preparation

One hundred and eighty seven regolith samples from the Mystery Zone, Mt. Percy, Kalgoorlie
have been studied by Butt(1991) for gold and associated elements. The present study is an



extension of this important earlier study with the aim to test if the acid insoluble PIXE/PIGE
method can be used in highly weathered terrain for gold exploration. The section 15850N
crossing the mineralised zone at the Mt. Percy has been studied.

All samples were riffle split and ground to less than 75 (im using a Mn steel mill (Butt, 1991).
The powder samples were then treated with hot aqua regia and then hot sulphuric aicd as
described by Xu and van Moort (1997). A 400 mg acid insoluble regolith residue was
mechanically mixed with lOOmg of spectrographically pure graphite in an acrylic vial together
with an acrylic ball for ten minutes and pressed into a tablet to be ready for PIXE/PIGE
analysis.

Instrumentaiton, precision, accruacy and detection Limit

PIXE/PIGE analysis were carried out at Lucas Heights, ANSTO, on the 3 MeV Van de Graaff
positive ion accelerator. The proton energy used was 2.5 MeV protons with a beam current of
about 300 nA. The aperture was set at 1.5 mm with a 3.3 mm steeple. The beam spot size
was 1.5 mm and run timnes were adjusted so that the total charge collected was 100 (iC.

The reproducibility derived from the NBS obsidian standard SRM 278 and two regolith
samples randomly taken from the study are very good. Normally they ranged from as low as
1% for Sr to 20% for Ba." The accuracy ranged from 92-104% for most elements. Only a few
elements (Cu and Zn) with poor accuracy were either present in concentrations at or below the
minimum detection limit. The detection limits from most elements were found to range from
2 to 30 ppm, except some light elements (e.g. Cl, Mg, Si and Al), which are about 100 ppm to
1000 ppm.

Results and disscusion

The distributions for elements W, Al, K, Ca, V, Ga, and Rb are very similar to Au. The
difference is that gold distribution in fuchsite ultramafic and porphyry units were patchy
because of the weathering process, but the distribution of those elements were more consistant
in same geological unit after the acid treatment. They were both absent from biotite talc ultra
mafic unit. Comparing with the non-acid treatment Al distribution which was enriched
throughout the whole regolith, particularly over the ultramafic rock, acid insoluble aluminium
content show very lower values in talc and biotite ultramafic which is not related to the gold
mineralisation. The enrichment of Al and K were more or less related to the alteration. The
rubidium distribution was characterised by moderate high value throughout the porphyry and
fuchsite rocks from the base to the surface of the profile without a big change. That explains
the Rb high values (non-acid treatment) occur in saprolite and mottled clays between 385E
and 400E on 15850N due to the weathering products enrichment (Butt, 1991). Zinc was
enriched in the fuchsite ultramafic rocks. It seems to relate to the alteration. Vanadium had a
very similar distribution to Au. The difference is its content increasing somewhat towards the
surface. The distribution of chromium was very similar to Al and Rb indicating that they all
host the mineral fuchsite. Probably they host the same minerals. Tungsten and gallium were



consistently enriched throughout the primary mineralisation zone, except that some lower
values appeared in fuchsite rock.

Zr, Th and Nb are the members of the second and third transition series and have very similar
chemical characteristics. They behaved immobile character, with high values near the surface.
But it still could be seen the highest value was in the near surface, lateritic duricrust.

Titanium is concentrated in the talc chlorite carbonate ultramafic rocks. Unlike the tradition
geochemistry result in which Ti is strongly concentrated relative to Zr so that lithological
discrimination based on Ti-Zr plots is not possible (Butt, 1991), In this study, the ratio of
Ti/Zr remains relatively constant in different geological units even under conditions of intense
chemical weathering, except in talc carbonate ultrafafic rocks.

Chromium is concentrated in fuchsite ultramafic rocks (>874 ppm), which confirmed the
chromian muscovite is the principal host minerals in the unweathered rocks. The
unweathered porphyry, biotite and talc chlorite ultramafic rocks have much lower Cr content,
which is normally less than 189 ppm. Without considering the Cr contents in the lateritic
duricrust, which was developed over the ultramafic rocks are unusually low, Cr abundance
alone can be used to distinguish lithology.

Copper enriched in the porphyry and mottled and plasmic clay. Pb and Mo, because they are
below the detection limit, it could not see any relationship with gold mineralisation. Ni and Zn
were more enriched in unweathered ultramafic rocks, but depleted in clay saprolite above the
biotite talc ultramafic unit and showed the low values in porphyry. There are no envidence of
those base metals with the primary Au mineralisation at Mystery Zone.

Rb/Al ratio are more accurately outline the gold mineralisation zone. Rb/K ratio show high
values near the surface.

Generally, geochemistry character of W, Rb, V, Al, Cu, Pb Ti, and Zr, Rb/K and Rb/Al in the
acid insoluble residue by PIXE/PIGE could be correctly define the tenor and location of
underlying mineralisation at depth.
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