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AbstRAct
The extent to which secondary Sb minerals control Sb dispersion in the supergene environment is
yet to be fully understood. Stability studies of klebelsbergite have been undertaken to better understand its role in controlling Sb mobility and relationships with other secondary Sb minerals. Solubility
in aqueous 0.1084 M HNO3
Gf
(klebelsbergite, s, 298.15 K) = –2056.4 ± 5.0 kJ/mol. Solubility data have been used to deduce the
conditions under which the mineral can form as a thermodynamically stable phase. The single-crystal
X-ray structure of synthetic klebelsbergite has been determined 293 K and is essentially the same
as that reported earlier for atoms with Z
Pca21, a =
5.7563(4), b = 11.2538(7), c = 14.8627(9) Å, V = 962.81(11) Å3, Z
R1 =
I
I). The present study has located the hydroxyl H atoms
on both O5 and O9. The H-bond arrangements are somewhat different to those proposed earlier with
the quasi-linear O9-H…O3 interaction having <(DHA) = 171(6)°. The O5 hydroxyl H atom lies in
a different position to that proposed earlier and is involved in a bifurcated H-bond arrangement with
O2 and with itself in a symmetry-related position, with <(DHA) = 133(5) and 125(5)°, respectively.
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intRoduction
Recent studies regarding the immobilization of Sb in natural
settings have drawn attention to the fact that many potentially
important Sb phases remain essentially unstudied and associated geochemical processes are still quite poorly understood
(Filella et al. 2009; Leverett et al. 2012; Roper et al. 2012).
Given that the secondary Sb minerals arise overwhelmingly
via the oxidation of sulfides and sulfosalts, it is surprising that
very few of them contain sulfate. This no doubt reflects both
solubility properties and relationships with other more stable
phases. Known secondary Sb sulfate minerals are klebelsbergite, Sb4O4SO4(OH)2
4O4(SO4)2(OH)2
2O,
originally assigned the formula Sb6O8SO4 2O on the basis of
chemical analyses (Sabelli et al. 1992), but pervasive twinning
in the crystals examined made a complete structural characterization impossible. The structure now has been determined by
single-crystal X-ray methods (Bindi et al. in review) and the
formula is more correctly Sb6+xO8+x(SO4)(OH)x 2O)1–x (x =
0.3 in the material examined). Of these only klebelsbergite is
known synthetically (Mercier et al. 1975, 1976; Menchetti and
Sabelli 1980a; Nakai and Appleman 1980). We note that several
other salts in the system Sb2O3-SO3-H2O are known synthetically, including Sb2O4SO4, Sb2O2SO4, Sb2O(SO4)2, Sb4O3(SO4)3,
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Sb4O5SO4, Sb6O7(SO4)2, and SbOHSO4 2O (Mercier et al. 1975;
Bovin 1976; Douglade et al. 1978; Gospodinov and Ojkova
2004; Bergmann and Koparal 2007); none of these has been
shown to exist in Nature.
The three sulfate minerals reported to date have a reknown from three localities in Tuscany, Italy, the Ribeiro da
Serra mine, Gondomar, Portugal, and the Lucky Knock mine,
Tonasket, Washington, U.S.A. In the Pereta mine, Tuscany, it
always occurs with klebelsbergite and peretaite, in association
with valentinite, Sb2O3, sénarmontite, Sb2O3, stibiconite, ca.
SbSb2O6
4
2
et al. 1980a). It is an acid alteration product of stibnite, as is
and klebelsbergite are also known (Sarp et al. 1983; Sabelli et
al. 1992). At the Lucky Knock mine, fibers and plates of coquandite are associated with stibnite and stibiconite (Sabelli et
al. 1992). The coquandite-klebelsbergite-peretaite assemblage
is also found in the third Tuscan deposit, the Micciano mine,
associated with cervantite, Sb2O4, stibiconite, and native sulfur
(Orlandi 1984, 1997). Klebelsbergite, cervantite, valentinite, and
sénarmontite occur in association at the Ribeiro da Serra mine as
oxidation products of stibnite and metastibnite, Sb2S3. Attention
is drawn to the native sulfur association, characteristic of rapid
oxidation of sulfide under acidic conditions (Williams 1990).
known only from the three Tuscan localities mentioned above.
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