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INTRODUCTION

Almost all natural garnet samples (cubic space group Ia3d
and Z = 8) are solid solutions between two or more end-mem-
bers, with the general formula X3

[8]Y3
[6][SiO4]3, where X may

be Mg2+, Fe2+, Mn2+, or Ca2+, and Y is Al3+, Fe3+, Ti4+, Cr3+, or
V3+. They are commonly divided into two series, known as the
“pyralspite” (pyrope-almandine-spessartine) series (Y = Al3+

and X = Mg2+, Fe2+, and Mn2+ respectively) and the “ugrandite”
(uvarovite-grossular-andradite) series (X = Ca2+ and Y = Cr3+,
Al3+, and Fe3+, respectively) (Deer et al. 1982). The structure
(e.g., Novak and Gibbs 1971) can be described as a three-di-
mensional framework consisting of corner-sharing SiO4 tetra-
hedra and YO6 octahedra with X-site cations occupying the
large dodecahedral cavities. The tetrahedra have point symme-
try 4

–
 with two different O-O edge lengths, e.g., 2.520 and 2.746

Å for spessartine. They become more regular with increasing
size of the X cation. Each tetrahedron shares two edges with
dodecahedra and four corners with other dodecahedra and with
octahedra. This structural relationship leads to a strong cou-
pling between the tetrahedron and the edge-sharing dodecahe-
dra (Fig. 1a) as well as between the tetrahedron and the
corner-sharing octahedra (Fig. 1b).

Trace quantities of hydroxyl, OH, have been detected spec-
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ABSTRACT

Mössbauer spectra (MS) at room temperature (RT) and Fourier-transform infrared (FTIR) spec-
tra in the OH stretching region were acquired for natural spessartine-almandine garnet samples from
different Brazilian pegmatites, including the complex, zoned Alto Mirador pegmatite, the simple,
zoned Escondido pegmatite, and the simple Poaiá pegmatite. From MS, it is obvious that in the
samples from the Alto Mirador pegmatite, ferrous iron is present at the dodecahedral site and ferric
iron at the octahedral site of the garnet structure. The Fe2+/Fe3+ ratio is comparable for all samples
from this pegmatite, i.e., ~10%, implying the same geological history, namely similar oxygen fugaci-
ties at the moment of garnet formation. In the simple pegmatites, however, almost no ferric iron was
detected. On the basis of the multi-band FTIR spectra the nature of the point defects involved in the
process of hydrogen uptake in spessartine-almandine garnet has been elucidated, if not completely
clarified. The behavior of the absorption bands provides no evidence for multiple incorporation
mechanisms, hence the hydrogarnet substitution is proposed to be the only mechanism for the incor-
poration of hydrogen in the samples studied. As geological setting is difficult to separate from chemical
composition, FTIR spectra have the potential to provide useful information on some aspects of the
geological history of the samples.
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troscopically in many minerals that are supposedly anhydrous
(Wilkins and Sabine 1973). These hydrous species may reflect
the water activity in the environment of formation or hold a
record of processes undergone by the mineral. Whereas struc-
turally incorporated hydrogen can be identified by FTIR spec-
troscopy, for most nominally anhydrous minerals it is not clear
how the hydrogen atoms are incorporated in the structure. In
many cases, the hydrogen ions act as charge compensators as-
sociated with point defects, such a vacancies, or with
heterovalent substitutions. Reports on the location of OH in
spessartine-almandine garnets are lacking. The presence of the
hydrogarnet substitution, which is the exchange of one Si4+ cat-
ion by four H+, leading to the formation of (OH)4

4– clusters sur-
rounding a tetrahedral vacancy, has only been experimentally
substantiated for garnets of the grossular-andradite series (e.g.,
Cohen-Addad et al. 1967; Lager et al. 1989). It remains, how-
ever, unclear whether this hydrogen incorporation mechanism
is common in spessartine-almandine species. Other mechanisms
than the hydrogarnet substitution, such as a more general sub-
stitution at the octahedral and dodecahedral sites in hydrogross-
ular (Basso et al. 1984; Birkett and Trzcienski 1984), have been
proposed, but have yet to be proven. Cho and Rossman (1993)
further showed in NMR studies of grossular that, in addition to
four-proton clusters, two-proton clusters might also be present.

Based on the symmetry of the (OH)4
4– clusters, two OH–


