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Abstract
Polarized FTIR spectroscopic measurements of 11 natural wolframite single crystals from different
occurrences revealed the common presence of structurally bound OH groups in their crystal lattice,
with potential influence on the properties of thisse geologically and technologically important group
of compounds. Despite differences in the appearance of the OH absorption pattern, dependent among
other on the end-member ratio, two types of “intrinsic” OH defects could be discerned from detailed
studies of the pleochroic behavior of the absorption bands both at 80 K and room temperature. The
accompanying chemical analyses by the electron microprobe helped to clearly identify the substitution
trend W6+ + O2– ↔ (Nb,Ta)5+ + OH– as the prevailing hydrogen incorporation mechanism into wolframite.
The assignment of the observed IR absorption phenomena to hydrous defects was confirmed by the
results of deuteration experiments and the negligible contribution of included impurities to the FTIR
spectra in the OH absorption region. The results obtained in this study of natural wolframite crystals
can be used to detect and analyze hydrous defects in synthetic technologically important tungstates.
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Introduction
Wolframite group minerals, M 2+WO4 (M 2+ = Fe, Mn, Mg, Zn)
present—besides scheelite, CaWO4—the most important tungsten
ore mineral group. They typically occur within hydrothermal veins
that are associated with granitic stocks or batholiths, forming
sometimes deposits with unconventionally high ore grades. Due
to its high specific gravity, hardness, and resistance to weathering, wolframite also occurs in eluvial placer deposits (Wei et al.
2012; Jingwen et al. 2013). Chemically it forms a solid solution
between two dominant end-member compositions—FeWO4
(ferberite) and MnWO4 (hübnerite). Sporadically, Zn forms an
essential component, thus providing the mineral sanmartinite,
ZnWO4. As an exceptional case, magnesium-dominant wolframite (huanzalaite) with a MgWO4 fraction of 58 mol% has been
reported by Ferenc and Uher (2007) from the Rochovce granite
exocontact, Ochtinná, Slovakia. Contents of up to 5 mol% have
been measured in samples from metagreisens occurring near
Humpolec, Czech Republic, by Losertová et al. (2012, 2013, 2014)
and confirmed in this study (samples CET and OLH). Miyawaki
et al. (2010) described huanzalaite, MgWO4, as a new mineral
species, containing (besides Fe and Mn) a maximum MgWO4
component of 89 mol%.
Wolframite also belongs to the group of artificially produced
tungstates that have gained, due to their semi-conducting behavior
(Guha Thakurta and Dhutta 1980) and antiferromagnetic properties
dictated in part by the end-member ratio (Guillen and Regnard
1985; Lalić et al. 2011), considerable technical interest in view
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of their potential technological significance in magnetoelectronic
and photochemical industry (Redfern et al. 1995).
The monoclinic crystal structure of wolframite shows some
similarity in atomic coordination and polyhedral linkage to the
orthorhombic α-PbO2 structure, but is more closely related to minerals belonging to the monoclinic orthorhombic samarskite-(Y),
(Y,Fe3+)(Nb,Ta)O4 and to the orthorhombic columbite group,
(Fe2+,Mn,Mg)(Nb,Ta)2O6. In this manner, wolframite is also structurally similar to brookite, presenting the orthorhombic modification of TiO2, where the presence of OH defects has been reported
by Beran and Zemann (1971). A characteristic ore microscopic
feature of wolframite is the appearance of red internal reflections,
which indicates its transparency already on the border between
visible and the near-infrared (<15 000 cm–1) spectral ranges.
Infrared (IR) spectroscopy is a sensitive method for detecting trace hydrogen bound to oxygen atoms, thus forming OH or
H2O defects in the structure of nominally anhydrous minerals
(Johnson 2006; Libowitzky and Beran 2006; Rossman 2006). The
pleochroic scheme of the absorption bands in polarized IR spectra
provides information on the orientation of the hydrous species; the
band position suggests a certain O-H∙∙∙O bond length and the band
intensity provides information on the hydrogen concentration. This
method also is a useful tool for the identification of extremely
fine-grained hydrous and/or hydroxyl mineral phases included in
the host mineral, which contribute to the overall stretching OH
absorption pattern.
While it is now well established that “hydrous defects” commonly occur in nominally anhydrous silicate minerals, there are
comparatively few studies on the H2O content of nominally anhydrous non-silicate phases; hydrous defects have been described in
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