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INTRODUCTION

Aluminum phosphate-sulfate (APS) minerals occur in a 
wide range of geological environments, ranging from surÞ cial 
weathering through sedimentary, diagenetic, hydrothermal, and 
metamorphic environments, to post-magmatic systems (Dill 
2001). These minerals belong to the alunite supergroup (Scott 
1987; Jambor 1999) and crystallize most commonly as authigenic 
pseudocubic (rhombohedral) crystals. 

APS minerals have been described from various middle Pro-
terozoic sandstone basins, including the Athabasca (Hoeve and 
Quirt 1984; Wilson 1985; Quirt et al. 1991; Mwenifumbo et al. 
2002; Lorilleux et al. 2003) and Thelon (Miller 1983) Basins in 
Canada and the Kombolgie Formation of the McArthur basin in 
Australia (Beaufort et al. 2005; Gaboreau et al. 2005), as well as 
from Cretaceous sandstone in Nova Scotia, Canada (Pe-Piper and 
Dolansky 2005). However, generally APS minerals have been 
neglected by geologists and geochemists because of the minute 
size of the crystals (<0.1�10 μm) and their low concentration 
(generally less than 0.05 wt%), which have hindered their iden-
tiÞ cation by conventional microscopic techniques. In addition, 

their very low solubility at low temperatures renders them inert 
to sequential extraction in solvents.

In particular, APS minerals are abundant in the clay mineral 
host-rock alteration assemblages associated with some uranium 
Þ elds in these middle Proterozoic basins (Miller 1983; Hoeve 
and Quirt 1984; Wilson 1985; Quirt et al. 1991; Fayek and 
Kyser 1997; Lorilleux 2001; Beaufort et al. 2005; Gaboreau et 
al. 2005). The uranium Þ elds in Canada and Australia contain 
large-tonnage unconformity-type uranium deposits and several 
important prospects (Sibbald et al. 1990; Andrade et al. 2002). 
Few systematic investigations have been performed on the APS 
minerals in these deposits (e.g., Gaboreau et al. 2005) and little 
data are available on the APS compositional variations in relation 
to the uranium deposits (e.g., Quirt et al. 1991; Gaboreau et al. 
2005). However, it is documented that the formation of these 
deposits was controlled by physicochemical conditions (Eh, pH, 
constituent element activities, P, T), to which the APS minerals 
are particularly sensitive (Dill 2001; Kolitsch and Pring 2001).

The aim of this study is to clarify the nature and the origin of 
the APS minerals present in the middle Proterozoic Athabasca 
sandstone and in the host-rock alteration halos that envelops 
the Athabasca unconformity-type uranium ore bodies. Spatial 
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ABSTRACT

Aluminum phosphate-sulfate (APS) minerals formed around the Athabasca unconformity-type 
deposits and those from their Australian counterparts are chemically very similar showing the same 
continuum between the diagenetic Sr-rich APS minerals of the barren sandstones and the LREE-rich 
composition of the APS minerals in the hydrothermally altered sandstone. The P- and LREE-rich 
compositions were controlled by the transport and the redistribution of P and LREE elements released 
from the dissolution of phosphate minerals (principally monazite) in the basement rocks and in the 
basin during the syn-ore alteration processes.

The S/Sr ratio measured in the APS minerals from unaltered sandstone away from the unconfor-
mity and any mineralization is preserved during the syn-ore alteration processes suggesting that 
the ß uids involved in both the deep burial diagenetic processes and the syn-ore alteration system 
were derived from a similar diagenetic reservoir in both the Athabasca and Kombolgie regions.

The trioctahedral chlorite host-rock alteration around the Australian basement-hosted U deposits, 
as compared to the illite and sudoite associated with the Athabasca basement-hosted, along with 
the more LREE-rich APS compositions in the Australian deposits, suggests that the pH and oxygen 
fugacity (fO2

) of the syn-ore ß uids differed in the alteration systems of the two regions at the time of 
the U deposition.
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