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Abstract

Direct structural characterization of the changes in the local environment of Mg occurring in 
the garnet structure as a function of the Ca content are determined by Mg K-edge X-ray absorption 
fine structure on synthetic samples along the pyrope-grossular join. With increasing Ca content, the 
short Mg-O2 distance of the dodecahedron slightly decreases, while the long Mg-O4 distance tends 
to increase, so that the dodecahedron is more distorted in grossular-rich garnets than in end-member 
pyrope. This quantitative direct description of the changes in the local environment of Mg in the 
pyrope-grossular solid solution confirms and better defines previous experimental and recent com-
putational results.
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Introduction

Most rock-forming silicates are solid-solution phases. Studies 
of their crystal-chemical properties are mandatory to understand, 
for example, the role of structural heterogeneity and micro/nano 
strain. It governs thermodynamic and physical behavior and also 
controls how minor and trace elements can be incorporated. 
The concept that the local coordination around a specific cation 
depends not only on its atomic radius, but also on bulk composi-
tion, is of importance (for garnets: Quartieri et al. 1995, 1999a, 
1999b, 2002, 2004, 2006; Bosenick et al. 1999; Freeman et al. 
2006; for amphiboles: Oberti et al. 2007). This issue is neces-
sary for instance, for modeling and interpreting trace-element 
partitioning behavior and various petrogenetic studies (van 
Westrenen et al. 1999, 2003). Among the rock-forming silicates, 
garnets (X3Y2Z3O12) are stable over a wide range of temperature 
and pressure, and are abundant in Earth’s crust, upper mantle, 
and transition zone. The aluminosilicate garnet structure has the 
space group Ia3d, where all the cations are located in special 
crystallographic positions. The site symmetries are 222 for X, 3 
for Y, and 4 for Z, while the oxygen atom is located in a general 
position. The garnet structure consists of a corner-sharing three-
dimensional network of SiO4 tetrahedra and AlO6 octahedra, 
where the triangular-dodecahedral cavities host the divalent X-
cations. An important feature of the garnet structure is the high 
number of edges shared by each X dodecahedron with adjacent 
tetrahedra (2), octahedra (4) and dodecahedra (4). Thus, changes 

in the geometry of the dodecahedron affect the geometry of all 
coordination polyhedra in the crystal structure.

The thermodynamic mixing behavior of pyrope (prp, 
Mg3Al2Si3O12)-grossular (grs, Ca3Al2Si3O12) garnets is important 
because it is highly non-ideal. This non-ideality has been shown 
in a number of different investigations (Newton et al. 1977; 
Ganguly et al. 1993; Bosenick et al. 2000, 2001; Vinograd et 
al. 2006; Dachs and Geiger 2006), and it is generally ascribed 
to the disparate size of the X cations in the solid solution (e.g., 
[8]Ca = 1.12 Å, [8]Mg = 0.89), which causes elastic strain on a 
local scale (Dapiaggi et al. 2005). 

From a structural point of view, nonlinearity in crystal-chem-
ical properties can be observed both at the long-range scale as 
measured by diffraction measurements (Armbruster et al. 1992; 
Merli et al. 1995; Ungaretti et al. 1995) and at the short-range 
scale by spectroscopy (see Geiger 2004 for a review). A crucial 
topic of study concerns the relationships between non-linearity in 
the structural properties and non-ideality in the thermodynamic 
mixing behavior (Dapiaggi et al. 2005; Geiger 2007).

We have recently studied the local structural environments 
around Ca and Sc in synthetic (Sc-doped) prp-grs garnets by 
X-ray absorption spectroscopy at the Ca and Sc K-edge, in both 
the extended (EXAFS) and near edge (XANES) regions (Oberti 
et al. 2006a, 2006b). Analysis of the spectra, based on a model 
provided by X-ray structure refinements, showed that the longer 
Ca-O4 bond length shortens considerably with increasing pyrope 
content, whereas the Ca-O2 bond length increases slightly. The 
two bonds have similar values in grs-poor solid solutions (i.e., 
Ca-O2 ≈ Ca-O4 ≈ 2.35 ± 1 to 2.36 ± 1 Å). The experimental * E-mail: simona.quartieri@unimore.it


