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ABSTRACT
Investigation of scandium incorporation in garnets along the synthetic Ca3Fe3+
2 Si3O12–Ca3Sc2Si3O12
(adr–CaSc) join, based on the same multi-technique approach used in the companion paper (Oberti et
al. 2006a), shows that (1) Sc is incorporated exclusively at the Y octahedron; (2) the local coordination
of Sc is slightly different in Sc-poor than in Sc-rich compositions (Sc-O = 2.06 Å in CaSc10 vs. 2.10
Å in CaSc30–90); (3) the local coordination of Ca is also slightly different in Sc-poor than in Sc-rich
compositions [Ca1,2-O are 2.34(2) and 2.48(2) Å in CaSc10 and 2.36(2) and 2.50(2) Å in CaSc90,
with ∆ Þxed at 0.14 Å in all the samples]; (4) the linear increase of the unit-cell edge along the join
derives from multiple changes in the geometry of the different polyhedra and from the rotation of the
tetrahedron around the⎯4 axis (α rotation), and cannot be modeled from extrapolation of the behavior
observed along the Ca3Al2Si3O12–Ca3Fe3+
2 Si3O12 (grs–adr) join.
CaSc-rich garnets, where a large X dodecahedron coexists with a large Y octahedron and a Z
tetrahedron occupied by Si, similar to pyrope-grossular garnets, have the highest α values observed
to date in calcium silicate garnets. Slightly lower α values are observed in pyrope and almandine,
but correspond to a different structural arrangement, where a small X dodecahedron coexists with a
small Y octahedron. These results further conÞrm the efÞciency of a combined short- and long-range
approach for understanding the properties of garnet solid solutions.
Keywords: Crystal structure, garnet, XAS, XRD data, trace elements and REE, scandium, crystal
synthesis

INTRODUCTION
Investigation of Sc incorporation and partitioning in pyrope–
grossular (prp–grs) garnet solid solutions has revealed variable
crystal-chemical behavior. Oberti et al. (2006a) found that Sc
enters the dodecahedral X site in the very compact structure of
pyrope, but partitions itself among all the available structural
sites when the presence of Ca allows local relaxation. Notably, Sc
incorporation at the octahedral Y site never exceeds 0.20 atoms
per formula unit (apfu) in the prp–grs join. This contrasts with the
nearly ideal volumes of mixing found by Woodland and Angel
(1996a, 1996b) along the (synthetic) Ca3Fe3+
2 Si3O12–Ca3Sc2Si3O12
(adr–CaSc) join. In these binary compositions, electron microprobe and X-ray powder diffraction analyses indicated that Sc
regularly substitutes for Fe3+ at the Y site.
The samples investigated by Woodland and Angel (1996a,
1996b) were therefore examined by single-crystal structure
reÞnement (SREF) and X-ray absorption spectroscopy (XAS)
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to obtain a complete long- and short-range characterization of
the Sc Fe3+
–1 exchange in garnets, and to detect possible structural
constraints that may limit Sc incorporation in garnet compositions that possess more compact structures.

EXPERIMENTAL DETAILS
Synthesis
End-member Ca3Sc2Si3O12 garnet was synthesized from a stoichiometric
mixture of high purity oxides in air at 1 bar and 1000 °C using a K2O-B2O3 (45
wt% K2O) ßux. The oxide mixture was combined with the ßux in a 75:25 ratio.
The sample crucible was quenched in water in a way to avoid direct water contact
with the sample. The result was a mass of small equant colorless crystals that were
separated from the ßux by soaking in nitric acid.
Binary Ca3Fe2Si3O12–Ca3Sc2Si3O12 solid solutions were produced in a pistoncylinder apparatus at the Bayerisches Geoinstitut, Germany using stoichiometric
mixtures of CaSiO3, Fe2O3, and Sc2O3. The CaSiO3 was pre-synthesized by
sintering an equimolar mixture of CaCO3 and SiO2 at 1 bar and 1200 °C for 12
h. The syntheses were performed without any ßux at 2.0 GPa and 1000 °C, using
silver capsules and talc-pyrex pressure cells. Details of the pressure calibration
are given in Woodland and O’Neill (1995). The duration of the experiments was
approximately 24 h.

Electron microprobe and Mössbauer analysis
Chemical compositions were determined using a Cameca SX-50 electron microprobe (EMP) at the Mineralogisches Institut, Universität Heidelberg, Germany.
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