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Silicate garnet: A micro to macroscopic (re)view
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Abstract

Silicate garnets, general formula E3G2Si3O12, form an important class of rock-forming minerals 
and, in nature, most are solid solutions. Their crystal-chemical and solid-solution properties are 
sometimes interpreted in terms of the widely used Pyralspite-Ugrandite classification scheme, and 
this can lead to erroneous conclusions. In this study, published data are reviewed and analyzed to 
achieve a synthesis of relevant experimental and computational results and to construct a working 
“crystal-chemical model” for describing aluminosilicate garnet, E3Al2Si3O12, over different length 
scales. The pyrope-grossular (Py-Gr) solid solution is given special attention, because it has received 
a great deal of study. It also shows interesting crystal-chemical and thermodynamic mixing behav-
ior. Computational and experimental investigations made on Py-Gr garnets indicate that the shorter 
Ca/Mg-O2 bond lengths appear to remain roughly constant in length across the binary and can be 
described as showing “Pauling limit-type” behavior. The longer Ca/Mg-O4 bonds behave differ-
ently, because they lengthen with increasing Gr component in the solid solution. Bond behavior in 
almandine-spessartine (Al-Sp) garnets appears to be partly different, because both Fe/Mn-O2 and Fe/
Mn-O4 bonds show “Pauling limit-type” behavior. E-O bond-length variations are continuous. The 
bonding type in all aluminosilicate garnet end-members is similar. An analysis shows that various 
computational simulations on Py-Gr solid solutions are consistent with each other with respect to 
E-O bond behavior and also with experimental IR, Raman, NMR spectroscopic, and X-ray diffraction 
results, but not completely with XAS studies made at the Ca edge. Ca/Mg-O4 bond behavior can be 
used to explain, partly, the nature of various micro/nanoscopic crystal-chemical and strain properties 
and macroscopic excess thermodynamic mixing behavior of Py-Gr garnets. Micro/nanostrain for 
the Py-Gr binary is asymmetric in nature, as are the various thermodynamic mixing functions ∆Hex, 
∆Sex, and ∆Vex. The widely cited Pyralspite-Ugrandite classification scheme has limited use in terms 
of explaining many physical and chemical properties of garnet and it should not be used to predict or 
describe, for example, solid-solution behavior.
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Introduction

Current research in the mineral sciences is focusing attention 
on local crystal-chemical properties of minerals and how they 
are related to thermodynamic properties and stability. Most rock-
forming silicates are solid-solution phases, and they are marked 
by chemical and structural heterogeneity from the unit cell into 
the nanoscale. Study of structural heterogeneity is necessary if 
one is to understand, for example, micro/nano strain behavior 
that, in turn, plays an important role in governing macroscopic 
behavior (e.g., thermodynamic and physical properties, Geiger 
2001a). Structural properties of minerals also control the nature 
of intra- and inter-element-partitioning behavior for major, minor, 
and trace elements. One of the most important local properties, 
namely bond behavior, in silicates is of central importance for 
understanding their crystal chemistry, because it gives informa-

tion about the size and distortion of coordination polyhedra, for 
example, and thus a description of the physical nature of strain. 
A determination of bond lengths and angles in solid solutions 
is not a simple matter, however, inasmuch as there are a limited 
number of experimental techniques that can give information on 
element-specific bonds. Moreover, some experimental methods 
are blunt in terms of the local crystal-chemical properties they 
provide and, in addition, experimental data can be interpreted 
sometimes in various ways. Therefore, computations are playing 
an increasing role and they can yield structural information on 
solid solutions (Dove 2001; Allan et al. 2001) that in some cases 
is not accessible via experimentation.

In the case of the silicate (E3G2Si3O12), and especially alumi-
nosilicate garnets (E3Al2Si3O12)—site nomenclature of Smith et 
al. (1998)—there is a broad and deep base of experimental and 
computer simulation results on their structural, crystal-chemical, 
and thermodynamic properties (see reference list). Much under-
standing has been reached but nevertheless several questions and 
areas of uncertainty remain. * E-mail: chg@min.uni-kiel.de


