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ABSTRACT

In spite of developments in instrumental techniques of analysis over the
last decade, neutron activation analysis has maintained its importance as a
multielemental technique for analysing a wide range of geological materials.
Some of its applications in geoscience at Lucas Heights over the last two years
are discussed. These include hydrogeochemical and geological prospecting for
gold in geothermal and bore water systems and ores, rare earth characterisation
of shoshonitic lavas, altered basalts and dacites, and trace element studies of
Australian oil shales and coals.

INTRODUCTION

Neutron activation analysis (NAA) has maintained its place as the work-
horse for multielemental analysis of geological, biological and environmental
samples, in spite of recent developments in instrumental techniques of analysis
over the last decade (e.g. ICP, PIXE, XRF etc.). This is supported by the
extensive use of this technique in the radiochemical laboratories of the CSIRO
Division of Energy Chemistry over the last two years.

Descriptions follow of some applications of NAA in geoscience at Lucas
Heights over the last two years, relating to hydrogeochemical prospecting for
gold in geothermal and bore water systems, geological prospecting for gold, rare
earth characterisation of shoshonitic lavas, altered basalts and dacites, and
trace element studies of Australian oil shales and coals.

EXPERIMENTAL

Geothermal and bore water samples were analysed for gold by using a gold
preconcentration step on charcoal and determining the gold content by instrument
NAA (INAA)I. Water samples were collected in 1 L polyethylene containers and
filtered through 1.2 p.m Millipore filters to remove particulate gold and other
suspended matter. The dissolved gold in the filtrate was analysed by adjusting
the pH between 3 and 4 using 5 M HC1, adding 0.1 g of activated carbon, shaking
for 5 min, filtering through a 1.2 jum filter, drying the filter/charcoal and
analysing by INAA. This involved a 7 h irradiation in the IRI facility of Moata
(a 100 kW Universities Training Reactor (Argonaut)). After irradiation, samples
were counted 4 to 7 d on a 100 cm , 20% coaxial Ge(Li) detector (Ortec Series
8000, FWHM 1.8 keV at 1.332 MeV) coupled to a Canberra Series 40 pulse height
analyser. Gold concentrations were determined by comparator analysis with a
gold standard adsorbed on filter paper using the 412 keV peak for *°°Au,

Analysis for gold in geological samples was performed by INAA using a
similar protocol and counting system, except that 1 g samples were irradiated
for 2 to 5 h.

The trace element profiles of rocks, oil shales and coals were measured by

INAA. In this procedure the sample (100 mg in polythene vials) was irradiated
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for a brief period (1 to 3 min) in the X-176, self-service pneumatic tube of
HIFAR, the AAEC's 15 MW research reactor, at a thermal flux of 5 x 1013 n cm"2

s~l and analysed by high resolution gamma spectrometry after cooling the sample
for 20 min and 24 h. The sample was re-irradiated for a longer period (5 to
24 h) in the X-6 tube of HIFAR and again counted 7 and 28 d after the
irradiation. The certified NBS standard reference materials SRM1632 (coal)
and/or SRM1633 (fly ash) were simultaneously irradiated and counted.
Concentration data were calculated using computer programs written in FORTRAN
which perform comparator and absolute analysis .

RESULTS AND DISCUSSION

The gold content of geothermal waters from New Zealand and bore waters from
the Laverton region of Western Australia and the Weipa region of Cape York have
been measured in collaborative studies with the CSIRO Division of Mineralogy and
several mining companies. By using a gold preconcentration step on charcoal
before determining the gold concentrations by INAA, we achieved detection limits
of 0.3 ng L~l. Some of the gold concentrations found in selected waters are
listed in Table 1. The values for geothermal waters ranged from background
levels (0.4 ng L~l to 215 ng L~^. These concentrations closely followed the
anticipated hydrogeochemistry of the waters in these areas. Most gold concen-
trations found in bore waters did not differ significantly from background but
several samples have assayed at high concentrations (Table 1) indicating the
proximity of gold bearing deposits. A further sampling and assay program will
endeavour to locate the positions of these deposits accurately.

As part of a joint study with CRA Exploration, computer studies using the
Advanced Prediction Computer Program (APCP) of Guinn and his associates3 were
done on a series of gold-bearing ores to determine optimum conditions for
measuring gold by INAA. The gold content of these ores ranged from 10 ng g~l to
200 /xg g"l and their complete trace element profiles were measured and used as
source data in the computer analysis. Each of the parameters - sample size,
irradiation times, decay times and count times - were examined as a function of
the precision for gold measurement in each of the ore types.

Rare earths

Interest in the rare-earth content and pattern of rocks from the Sydney
Basin has resulted in a number of collaborative studies with geologists from the
Universities of Wollongong and Newcastle, since INAA can measure the majority of
these elements in rock matrices. Resulting rare-earth patterns not only reflect
the overall mineral assemblage in the rock but also permit evaluation of
fractional crystallisation and partial melting of a system.

In a recent study of the rare earth geochemistry of the Late Permian
volcanic rocks from this area\ only samples that were not significantly altered
by weathering, as measured by routine petrographic and limited chemical
anal/sis, were analysed for their rare-earth elements. Results displayed
moderately fractionated rare-earth element patterns, with enrichment in the
lighter rare earths.Trace element modelling based on published partition
coefficients and oossible source composition suggested these shoshonitic magmas
were generated by 10-15% melting of spinel Iherzolite which was previously
enriched in the lighter rare-earth elements.

Trace elements in oil shales and coals

There are a number of oil shale deposits in Australia under consideration
for commercial exploitation including the Julia Creek, Condor, Rundle and
Nagoorin deposits in Queensland. Chemical and mineralogical characterisation of
these shales is important in consideration of processing and waste disposal
options for future development. INAA has played a key role in these character-
isation studies in both CSIRO's own Divisional research program and in collab-
orative investigations with external organisations.



69

For characterisation studies of Julia Creek oil shales, INAA data was comb-
ined with analytical results from SSMS, ICP, AA and XRF as well as the mineral-
ogical techniques of X-ray diffraction, electron microprobe analysis and inter-
element correlation analysis . The results provided a definitive chemical and
mineralogical characterisation of the oil shale and identify the major mineral-
ogical residences of the important trace elements.

Trace element partitioning during the retorting of oil shales from Julia
Creek, Condor, Rundle and Nagoorin under Fischer assay conditions was studied
using INAA, ICP and AA. Up to 19 elements were detected in the shale oils and
retort waters^,7. Although the extent of trace element partitioning varied
between samples, significant amounts of As, Se, Cr, Zn, Fe, Al and Ti were
associated with the oil shales, and As, Se, Ni, Co and Cl were transferred to the
retort waters.

The combustion and liquefaction of coal produces a variety of emissions and
effluents, ranging from particulates in flue gas to solid and liquid wastes.
Over the last five years increased interest in the concentration and fate of
inorganic elements has been reflected in the analysis of INAA of a wide range of
coals from New Souti- Wales, Queensland, Victoria and South Australia, both
independently and in collaborative research projects with industry and other
government departments. These studies have produced concentration data for 40
trace elements**.

Recent studies of Australian black coals using a combination of instrumental
methods of analysis (INAA, SSMS and PIXE) has yielded abundance levels for up to
73 elements providing the most comprehensive characterisation of these materials
yet reported".
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TABLE 1

Gold Concentrations in Geothermal and Bore Waters (ng L~*)

Sample Au Sample Au
Geothermal 1 1.5 Bore Water 1 2.3

" 2 0.4 " 2 7.4
" 3 215 " 3 1844

4 30.4 " 4 0.6
" 5 0.9 " 5 4.6

6 16.7 " 6 0.7


