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INTRODUCTION

This paper presents an overview of research conducted with the support of the Australian Institute of Nuclear Science

and Engineering, at the University of Melbourne, School of Earth Sciences, Radiochemical Neutron Activation

Laboratory. The primary objective of this research is to realise the high potential of the platinum group elements (PGE)

and gold to the solution of petrogenetic problems, the study of magma generation and magmatic processes in

mafic/ultramafic rock suites, as tracers in hydrothermal ore formation, the documentation of these elements in a broad

range of geological settings and non-geological environments, their application in exploration and so on.

The PGEs (Os, Ru, Ir, Pt, Pd and Rh) are among the least abundant of all elements on earth with unique

properties such as high melting points, high electrical and thermal conductivity, high density, strength and toughness

as alloys. They exhibit both siderophile and chalcophile characteristics and are valuable tools in providing information

about magmatic processes, in particular S-saturation, as well as crystal fractionation trends. Barnes et al. (1) showed

that the PGEs, when chondrite normalized, are fractionated in order of decreasing melting point, which decreases in the

order Os, Ir, Ru, Rh, Pt, Pd and Au. Two distinct groups of PGEs are discerned; the IPGEs (Ru, Os, Ir) and the

PPGEs (Pt, Pd, Rh, Au) on the basis of their behaviour during fractionation processes. Using chondrite normalized

PGE patterns it is possible to distinguish between sulphides that segregated from primitive magmas, such as

komatiites, and sulphides which segregated from more fractionated magmas, such as tholeiites {Barnes et al. (2)}. It is

critical to the understanding of these processes to be able to analyse key elements, such as the PGE and gold, in the

parts per billion to parts per trillion range. Neutron Activation Analysis affords us this ability.

ANALYTICAL METHODS FOR PGES AND AU

Platinum group elements and Au were determined by radiochemical neutron activation analysis using a modified NiS

fire-assay preconcentration technique, adapted from procedures first used by Robert & van Wyk (3). Detection limits are

generally 0.005-0.01 ppb (Au & Ir), 0.1-0.2 ppb (Pd & Pt), and 0.1-0.5 ppb for Ru.
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BRIEF OUTLINE OF SIGNIFICANT PROJECTS AND RESULTS

The PGE geochemistry of the Bucknalla Layered Complex, Central Queensland.

The Bucknalla Complex is a small (10 km2) layered, tholeiitic, mafic-ultramafic intrusion located SO km southwest of

Rockhampton that was emplaced into a regional continental margin accretionary environment in the Late Permian and

hosts minor Cu-Pd-Au-Pt mineralization. Background PPGE (Pd & Pt), Au, S and Cu values for the intrusion are

high while IPGE (h & Ru) are low. A total of 116 analyses gave the range; Pd, 0.3-254 ppb; Pt, 0.3-137 ppb; Au,

0.1-74 ppb; Ir, <0.01-0.51 ppb; Ru, 0.1-2.4 ppb; S, 23-1000 ppm and Cu, 4-1000 ppm. A significant feature of the

data is the systematic decoupling of Pd from Pt-Au-S-Se-Cu throughout the analysed stratigraphy, as in the Munni

Munni and Great Dyke intrusions {Barnes (4)}. Major Cu-S-Se peaks generally occur just below whole rock Mg#

(Mg2+/Mg2+ + Fe^+) maxima and the precious metal tenor of the sulphides is generally highest between regions of

Mg# maxima {Reeves and Keays (5)}.

Investigations of the platinum group elements, gold, silver and other metals in Melbourne sewerage sludges.

Sewerage sludges from sewerage treatment plants have the ability to concentrate heavy metals, organic pollutants, gold

and precious metals {Lottermoser and Morteani (6)}. This concentration likely occurs due to microbiological activity,

reactions with organic matter, decreases in the ligand concentration and adsorption onto sulphides and organic material.

The economic potential of this resource is yet to be exploited. The extraction of these metals could also result in

reduced pollutant loads facilitating the use of sludges as fertilizer. This work documents the distribution of gold, silver

and other metals throughout time in the Werribee Sewerage Sludges of Melbourne, which are more than 90 years old

and provide a fascinating new insight into the history of Melbourne.

Experimentally Determined Sulphide/Silicate Melt Partition Coefficients for Ir and Pd.

It is generally assumed that sulfide exerts a primary control on PGE geochemistry in mafic and ultramafic rocks.

Observations of PGE abundance and distribution in these systems, however, do not reveal behaviour consistent with a

single set of partition coefficients (Ds) for the metals between immiscible sulfide and silicate liquids. Also, the two

distinct subgroups of the PGE, the IPGE (Ir, Ru and Os) and the PPGE (Pt and Pd) are clearly capable of fractionating

from each other. This work was initiated in order to test whether Ds are constant over the compositional range in which

the sulfides and silicates coexist. Dpd was determined to fall within the range 1.2 x 104 to 7.8 x 104 {Peach et al.

(7)}. However, Di r ranges from 2.5 x 104 to 152 x 104. A striking aspect of this latter data is that they fall into two

groups. Experiments in which the starting material was of synthetic silicate composition yielded highly variable results

while those in which natural MORB glasses were used yielded consistent results. In all other respects the experiments

were identical. This intriguing result may be due to the presence, in the natural MORB glasses, of some minor or trace

component which complexes with Ir in such a way as to enhance its solubility in silicate relative to sulfide. The best

value for Di r is 3.5 x 104 and for Dpd 3.4 x 104.

Provenance Studies of Archaeological Artifacts Using PGEs and Au.

The copper metal used to produce Bronze Age artifacts was often derived from the smelting of the copper minerals

malachite, azurite and chalcopyrite. It is theoretically possible, therefore, to determine the provenance of the ore used to

produce a particular artifact by the systematic study of the elemental and isotopic composition of the artifact. These

provenance studies of Archaeological artifacts have historically suffered due to the inability to non-destructively analyse
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for key elements in the parts per trillion to parts per billion range {Gale and Stos-Gale, (8)}. As the corrosion rind of

these artifacts is of little value and easily accessible, it was hoped that the heavy, noble and precious metal and rare

earth elemental distribution patterns and isotopic composition of these rinds could be used to study the artifacts rather

than destructively analysing the piece itself. We, here, present preliminary data on this project.

Spherules in Archaean Greenstone Terrane, W.A.; evidence of a meteoritic rain .

In this project we have documented the distribution of the PGEs and Au above, below and within the spherule beds of

the Archaean Wittenoom Formation, Western Australia, which have been suggested to represent droplets of silicate

melt (microtektites) generated and dispersed by a major bolide impact. As with similar work we conducted on the Lake

Acraman Ejecta Horizon in the Flinders Ranges {Wallace et al. (9)}, indium clearly defines an anomaly consistent

with the involvement of meteoritic material.
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