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ABSTRACT

Experimental studies have demonstrated that solid solutions ofminerals from the alunite group, with
chemical compositions intermediate between the Al and Fe end-members, can be readily synthesized in
the laboratory. In contrast, up until about a dozen years ago, there were no confirmed reports of alunite
group minerals with intermediate Al-Fe compositions in natural settings, leading some to suggest that
minerals with such compositions might not exist in nature. In recent years, however, alunite group
minerals with intermediate Al-Fe compositions have been documented in a few isolated locations,
which were previously limited to basalt-hosted acid-sulfate fumarole deposits and acid mine drainage
pit lakes. These occurrences contrast with nearly all other reports of minerals from this group, whose
measured chemical compositions are very close to either the Al or Fe end-members. Here, we report
jarosite-alunite solid solutions containing approximately equal amounts of Al and Fe, which are found
in mineralized fractures of the Aztec Sandstone in southeast Nevada. Analysis of the minerals by X-ray
diffraction, Raman spectroscopy, and visible-near infrared spectroscopy confirms that they are bona
fide solid solutions and not intimate mixtures of end-member minerals. This study represents the first
documented occurrence of alunite group solid solutions with intermediate Al-Fe compositions in sed-
imentary rocks. The results further demonstrate that alunite group minerals with a wide range of Al-Fe
compositions occur naturally and can persist for millions of years or more in natural systems.
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INTRODUCTION

Minerals in the alunite group have an ideal chemical formula
of AB3(SO4)2(OH)6, where the A site is most commonly occu-
pied by the monovalent ions K�, Na�, and H3O

� (hydronium)
and the B site is occupied predominantly by Al3� and Fe3�

(Jambor 1999; Stoffregen et al. 2000; Dutrizac and Jambor
2000; Papike et al. 2006b; Mills et al. 2009). Members of this
group with Al> Fe can be classified in the alunite subgroup,
while those with Fe >Al comprise the jarosite subgroup
(Fig. 1a). Structurally related minerals in the broader alunite
supergroup encompass the substitution of PO4 or AsO4 for
SO4, which is typically accompanied by increased incorporation
of divalent cations such as Ca and Pb in the A site (Jambor 1999;
Papike et al. 2006b; Mills et al. 2009).

Within the alunite group itself, the potential for the A and B
sites to be occupied by several different cations raises the pos-
sibility of crystallization as solid solutions containing mixtures
at these sites. Solid solution mixing of K�, Na�, and H3O� (as
well as other cations) in the A site is widespread in natural sam-
ples, and has also been extensively studied using synthetic solid
solutions (e.g., Brophy and Sheridan 1965; Ripmeester et al.
1986; Stoffregen and Cygan 1990; Stoffregen and Alpers

1992; Polyak and Güven 1996; Stoffregen et al. 2000; Dutrizac
and Jambor 2000; Deyell and Dipple 2005; Juliani et al. 2005;
Papike et al. 2006a, 2006b, 2007; Basciano and Peterson 2007,
2008; Burger et al. 2009; Holley et al. 2016; Whitworth et al.
2020). The wide range of solid solution mixing in the A site
is illustrated in Figure 1a, which shows a summary of measured
alunite group mineral compositions compiled from the literature
(black diamonds). The measured compositions exhibit a wide
range of K/(K�Na) ratios, reflecting a complete range of
mixing of K and Na on the A site. Note also that many of
the measured compositions included in the compilation have
(K�Na)< 1 atoms per formula unit (pfu), indicating the A sites
also include H3O� (Stoffregen et al. 2000), which adds to the
broad extent of solid solution mixing on this site.

In contrast to the extensive solid solution mixing observed in
theA site, reports of solid solutions of alunite groupminerals from
natural samples that contain mixtures of Al and Fe in the B site
have been extremely limited (e.g., Scott 1987; Stoffregen et al.
2000). As shown by the black diamonds in Figure 1a, nearly
all measured compositions of alunite group minerals have Al
and Fe contents that are close to the end-members (i.e., alunite
subgroup minerals with <10 mol% Fe-for-Al substitution or jar-
osite subgroup minerals with <15 mol% Al-for-Fe substitution).
As first noted by Brophy et al. (1962), alunite subgroup minerals
typically contain very little Fe, even when they precipitate in iron-
rich environments. Even in environments where minerals from
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