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INTRODUCTION 
Hydrated alumino-phosphate-sulfate (APS) minerals, mem-

bers of the woodhouseite and crandallite series (Dill 2001), are 
a rare, minor constituent of sedimentary rocks (e.g., Pouliot and 
Hofmann 1981; Wilson 1984; Triplehorn et al. 1991; Rasmussen 
1996). These minerals are more commonly found in low-grade 
metamorphic, pegmatitic, and hydrothermally altered volcanic 
rocks (Nriagu and Moore 1984; Scott 1987; Stoffregen and Alp-
ers 1987; Dill 2001). The APS minerals belong to the isostructural 
alunite supergroup with the general formula AB3(XO4)2(OH)6, 
where the A site may be occupied by Na+, K+, Ca2+, Pb2+, Ba2+, or 
Sr2+; the B site by Al3+, Fe3+, Cu2+, or Zn2+, and the XO4 site prin-
cipally by SO4

2�, PO4
3�, and AsO4

3� (Botinelly 1976; Scott 1987). 
As PO4

3� increases at the expense of SO4
2�, charge compensation 

is achieved by addition of a trivalent cation such as Ce3+ or by 
protonation of some of the hydroxyl groups in the structure. 

Minerals of the alunite supergroup most commonly found 
in sedimentary rocks are either the sulfate-free phosphate 
minerals (e.g., crandallite, ß orencite, goyazite) (Wilson 1984; 
Triplehorn et al. 1991; Rasmussen 1996) or the phosphate-free 
sulfate minerals (e.g., alunite, natroalunite, jarosite) (Dill 2001, 
pp. 51�52). Their origin is related to hydrothermal circulation, 
percolation of meteoric waters, or tropical soil formation (Dill 
2001, his Table 2). The compound phosphate-sulfate minerals 
(e.g., woodhouseite) are very rare, identiÞ ed as early diagenetic 
phases in Late Permian sandstone in the Alps by Spötl (1990) 
and as likely resulting from hydrothermal circulation in similar 
age sandstone in Bohemia by Novak et al. (1994) and Novak 
and Jansa (1997). Rasmussen (1996) found APS minerals in 
marine-deposited sandstones, principally rimming detrital 
grains, formed during early diagenesis by sulfate reduction and 

methanogenesis.
Hydrated alumino-phosphate-sulfate minerals were identiÞ ed 

in petrographic thin sections and heavy mineral separates of 
ß uvial sandstones of the lower Cretaceous Chaswood Formation 
in Nova Scotia, Canada. Depositional and diagenetic conditions 
within the Chaswood Formation have been well-deÞ ned in pre-
vious and ongoing studies (Stea and Pullan 2001; Pe-Piper and 
Piper 2004, Pe-Piper et al. 2004b). In this paper, the unusual 
chemistry of these newly discovered but very rare APS minerals 
is documented, and their origin is interpreted from their petro-
graphic and geological setting. 

GEOLOGICAL SETTING

The Lower Cretaceous Chaswood Formation of Nova Scotia 
(Fig. 1) (Stea and Pullan 2001) is stratigraphically equivalent to 
offshore deltaic sandstones of the Missisauga and Logan Canyon 
formations. The Chaswood Formation occupies fault-bounded 
basins, is at least 130 m thick, and consists of quartz arenite, 
lesser conglomerates, mudstone, and minor lignite, deposited in 
a ß uvial environment. Outcrops are very rare, and the formation 
is largely known from boreholes.

APS minerals were studied mainly in reference borehole RR-
97-23 (locality A), but also in three other boreholes throughout 
the geographic range of the Chaswood Formation (Fig. 1, Table 
1) and from just below the top-Missisauga Formation unconfor-
mity offshore in the Fox I-52 well of the Orpheus graben, within 
proximal deltaic sandstones. Reference borehole RR-97-23 (A 
in Fig. 1; Fig. 2) provides a continuously cored section of the 
Chaswood Formation, from which detailed studies of sediment 
facies and mineralogical composition have been made (Pe-Piper 
et al. 2004b). APS minerals were found only in the basal 13 m 
of the formation, which rests unconformably on Carboniferous 
silty dolomitic shale and Þ ne- to medium-grained sandstone. The 
Chaswood Formation includes resistant heavy minerals, appar-
ently of multicycle origin, and metastable detrital minerals of * E-mail: gpiper@smu.ca
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ABSTRACT

Hydrated alumino-phosphate-sulfate (APS) minerals of the woodhouseite and crandallite series 
are found as microcrystalline aggregates replacing volcanic glass and apatite and Þ lling pores in sand-
stones of the ß uvial Lower Cretaceous Chaswood Formation, southeastern Canada. Mineral grains 
from heavy mineral separates and rock samples were analyzed with an electron microprobe. As the 
crandallite component of the grains increases, REE and F content increases. The APS minerals formed 
during early diagenesis as a result of the ß ux of meteoric water below the water table, beneath regional 
intraformational unconformities at which oxisols had developed. Sulfate was derived from the oxidation 
of very early diagenetic pyrite, and phosphate from dissolution of detrital apatite. The APS minerals 
are commonly associated with detrital dolomite, which may have played a role in increasing pH in 
the circulating meteoric water. Zoning of APS grains to lower S concentrations outward suggests that 
SO4

2� concentration was a determining factor in APS mineralogy and mineral composition.


