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The crystal structures of grossular and spessartine between 100 and 600 K and the crystal
chemistry of grossular-spessartine solid solutions
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ABSTRACT
Spessartine (Mn3Al2Si3O12)-grossular (Ca3Al2Si3O12) solid solutions were synthesized at high pressures and temperatures. Compositionally homogeneous garnets are obtained by crystallizing solidsolution glasses prepared from oxides. The unit-cell parameter, a, for the different solid solutions
was determined by X-ray powder diffraction methods and the results give positive deviations from
ideal volumes of mixing that can be described with a symmetric mixing model with Wv = 0.80
(±0.04) cm3/mol. The degree of non-ideality is a function of the difference in size between the Ca2+
and Mn2+ cations and is consistent with the range of those observed for the other aluminosilicate
garnet binary joins. The crystal structures of synthetic grossular and spessartine were collected at 50
K intervals between 103 K and 498/648 K using single-crystal X-ray diffraction methods. The rotation of the rigid SiO4 tetrahedra changes slightly by 0.3(1)∞ for grossular and 0.2(1)∞ for spessartine
between 103 and 648 K. The volume expansions of the polyhedra were calculated and their distortions in grossular and spessartine were analyzed as a function of temperature. The linear thermal
expansion coefficients of the Al-O and two X-O bond were also calculated for almandine, pyrope,
grossular, and spessartine. The thermal expansion of spessartine is similar to that of grossular. In
terms of polyhedral distortion and bond-valence values, spessartine has the most ideal structure of
the aluminosilicate garnets. This could explain its large P-T stability field and the ease of synthesis at
low pressures.

INTRODUCTION
Grossular-spessartine garnets are found in nature, but they
are restricted to certain petrologic environments. They occur
primarily in skarn or metamorphosed sediments of the appropriate bulk composition (Shimazaki 1977). Grossular and
spessartine are, of course, important components in solid-solution garnets of metapelites, amphibolites, and granulites. From
a crystal-chemical and thermodynamic standpoint, the binary
grossular-spessartine solid solution is important for understanding the properties of the silicate garnets as a whole. Spessartine
belongs to the pyralspite series and grossular to the ugrandite
series of the silicate garnets, yet the two form a continuous
solid solution that can be synthesized at moderately low pressures (Ito and Frondel 1968; Hsu 1980). Almandine-grossular
and pyrope-grossular solid solutions, in comparison, can only
be synthesized at high pressures.
There are a number of reasons that make a study of
spessartine-grossular garnets interesting and necessary. First,
from an energetic and structural point of view, it is necessary
to understand why the solid solution is complete at low pres-

* Present address: Department of Earth Sciences, University
of Cambridge, Downing Street, Cambridge CB2 3EQ, U.K.
E-mail: urod99@esc.cam.ac.uk
0003-004X/02/0004–542$05.00

542

sures and why spessartine can be readily synthesized at 1 atm
(Snow 1943). Second, it needs to be clarified if this join has
ideal volumes of mixing (Berman 1990; Koziol 1990), because
most of the other aluminosilicate garnet joins show measurable nonideality (Geiger and Feenstra 1997; Geiger 1999, 2000).
It also needs to be clarified why spessartine appears to show
a relatively large thermal expansion in the temperature range
from 200 to 600 K compared to the other silicate garnets (Skinner 1956). From a crystal chemical point of view, grossular
needs to be studied as a function of temperature, because
Meagher (1975) suggested that its structure changes little with
increasing temperature, unlike the other silicate garnets. In
addition, it has been proposed that the cations in octahedral
and dodecahedral coordination in pyralspite garnets are bonded
in an ionic manner, while those of the ugrandites have a higher
percentage of covalent bonding (Ungaretti et al. 1995). If true,
the grossular-spessartine binary could show potentially interesting structural changes across the join. The stability, thermodynamic, and physical properties of the aluminosilicate garnets
are affected by the type of X-site cation present (Geiger 1999),
and any potential differences in bonding need to be addressed.
These questions have led us to synthesize garnets along this
join and to determine their volumes of mixing. In addition, we
undertook a study of the temperature dependence of the grossular and spessartine structures by single-crystal X-ray diffraction at 50 K intervals between 103 and 498/648 K. The data

