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Abstract
Aluminum-phosphate-sulfate (APS) minerals of the alunite supergroup are minor components of
uranium-bearing copper ores from the Olympic Dam deposit, South Australia. They typically represent a family of paragenetically late replacement phases after pre-existing REE-bearing phosphates
(fluorapatite, monazite, and xenotime). Characterization with respect to textures and composition allows
two groups to be distinguished: Ca-Sr-dominant APS minerals that fall within the woodhouseite and
svanbergite compositional fields; and a second REE- and phosphate-dominant group closer to florencite
in composition. All phases nevertheless display extensive solid solution among end-members in the
broader APS clan and show extensive compositional zoning at the grain-scale. Samples representative
of the deposit (flotation concentrate and tailings), as well as those that have been chemically altered
during the processing cycle (acid leached concentrate), were studied for comparison. NanoSIMS isotope
mapping provides evidence that the APS minerals preferentially scavenge and incorporate daughter
radionuclides of the 238U decay chain, notably 226Ra and 210Pb, both over geological time within the
deposit and during ore processing. These data highlight the role played by minor phases as hosts for
geologically mobile deleterious components in ores as well as during mineral processing. Moreover,
Sr-Ca-dominant APS minerals exhibit preferential sorption of Pb from fluid sources, in the form of
both common Pb and 210Pb, for the first time revealing potential pathways for 210Pb elimination and
reduction from ore processing streams.
Keywords: Alunite supergroup, aluminum-phosphate-sulfates, Olympic Dam, 238U decay series
radionuclides, mineral processing

Introduction
Minerals of the alunite supergroup (Jambor 1999; Bayliss et
al. 2010), especially the beudantite and crandallite groups, have
found extensive application in environmental remediation and
storage of deleterious elements due to their broad stability and
their capacity to host a wide range of contaminants via extensive
solid solution with the exchange of bi- to hexavalent cations
at multiple sites in their structures (Kolitsch and Pring 2001).
Elements that can be incorporated include As, Pb, Bi, Hg, Tl,
Sb, Cr, Se, and rare earth elements (REE) (Kolitsch and Pring
2001), as well as radioisotopes generated by decay of radioactive K, Sr, Th, and U (Dymkov et al. 1997; Kolitsch and Pring
2001). Analysis of APS mineral compositions can reveal useful
information regarding local conditions of formation with respect
to fluid composition, pH, and fO2 (Schwab et al. 2004, 2005;
Gaboreau et al. 2007).
Most beudantite- and crandallite-group minerals are stable up
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to high temperatures (400–500 °C) and remain insoluble even
over a wide range of pH and Eh conditions (Kolitsch and Pring
2001). These robust characteristics also make them potential
hosts for daughter products of U decay (notably the radionuclides
210
Pb and 210Po, hereafter 210RN) in U-bearing ore deposits and in
materials resulting from the processing of such ores.
Hydrothermal REE-, Ca-, and/or Sr-bearing aluminum
phosphate-sulfate (APS) phases of varied composition within
the alunite supergroup are reported from the giant ca. 1590 Ma
(Johnson and Cross 1995) Olympic Dam Cu-U-Au-Ag deposit,
South Australia (Ehrig et al. 2012). Until now, however, these
phases have been inadequately characterized and despite their
textural and compositional complexity, were generically categorized as “crandallite group” minerals with the general formula
(Ce,La,Nd,Ca,Sr)(Al,Fe)3(SO4,PO4)2(OH)6. These minerals are
only present in modest amounts (modal abundance 0.109 wt%),
yet are long suspected of making at least a minor contribution to
the budget of U and REE in the ore (Ehrig et al. 2012).
Given their ability to incorporate a wide range of radioactive
decay products, the presence of Ca- and Sr-bearing APS minerals
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