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In the Australian context, bismuth minerals are important constituents, associated with Mo, W and Sn, 

of highly acidic and very rich, low tonnage, deposits of the eastern ranges of Australia. Bi has been used 

extensively as a pathfinder element in geochemical exploration for a variety of such deposits and others 

and therefore it is important to understand its behaviour[1-3]. 

 

The behaviour of Bi has been described in the terms of its solution speciation as a function of pH which 

is well-established [4-7]and provides a first order, but simplistic, assessment of its mobility in pore 

solution in the regolith. Recent reviews have highlighted a lack of understanding in regards to bismuth 

in oxidising environments. Bismuth is estimated to have an average crustal abundance of 48 ppb [8], but 

is highly fractionated across different rock types and sediments with reported concentrations from 30 

ppb to greater than 20 ppm an average Bi concentration in soils of 0.2 ppm but this is difficult to 

reconcile with the data mentioned above. A review of bismuth values [9] concluded similar concerns 

and further highlighted that a background ground water concentration could not be honestly concluded 

especially in uncontaminated environments. This is due to no independent focused study on Bi 

concentrations in the environment and that other factors such as sampling, testing methods and protocols 

were not consistent. 

 

To draw any conclusion on bismuth values, a proper understanding of the dispersion of Bi in oxidising 

environments must be made. This requires understanding of its low temperature aqueous chemistry and 

knowledge of the secondary Bi minerals that serve to buffer the element between the solid and solution 

states. 

 

This study used numerous natural and synthetic bismuth mineral samples and whole rock specimens. 

Full spectrum quantitative X-ray Mapping (XRM) was performed on a JEOL JXA 840 SEM with a 

Moran Scientific energy dispersive spectroscopy (EDS) Microanalysis system operated at 20kV. A 

JEOL 8600 EM Probe with a combined EDS and three JEOL wavelength dispersive spectrometers 

(WDS’s) were also used to perform trace and quantitative analysis. The analysis was undertaken at 15 

kV and 20 nA. Drill core samples from the Mineral Hill mine site in regional NSW have been studied to 

determine the primary bismuth phases at this site which have been associated with a localised Au 

resource and then related to the known secondary expressions (Figure 1). Experiments have been carried 

out on a series of synthetic secondary bismuth minerals (Figure 2) to determine the chemical behaviour 

of these minerals by High Temperature X-ray Diffraction (HTXRD) and Thermogravimetric Analysis 

coupled with a Differential Scanning Calorimeter (TGA-DSC). 

 

These experiments have provided data which can be combined with low temperature solubility studies 

to give an in-depth understanding into the geochemical roles of secondary bismuth minerals in the 

supergene environment. For the first time a series of thermodynamic data sets for major and important 

bismuth mineral phases have been derived. As such a series of useful geochemical models have been 
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developed, which can be tailored to specific environments as needed. This information can and has been 

directly used to determine new exploration strategies in Australia, Soloman Islands and other localities 

worldwide. 
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Figure 1: Left; Pseudo colour x-ray map of Mineral Hill drill core sample from a high grade Au 

intersection. Depicted, cosalite, Pb2Bi2S5 (blue), pyrite, FeS2 (Green), and chalcopyrite, CuFeS2 

(Yellow). Right; BSE image of the same Mineral Hill frill core sample. 

 

 

 

 

 

 

Figure 2: HTXRD analysis of cannonite, Bi2(SO4)O(OH)2, a secondary bismuth mineral and its 

thermal decomposition products from 30°C (black), 200°C (Red), 400°C (Blue) and 600°C (Green) 
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