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Abstract

Garnet solid solutions have been synthesized across the skiagite–Fe-knorringite (Fe3
2+Fe2

3+Si3O12–
Fe3Cr2Si3O12) binary join. Such compositions reflect a simple Cr-Fe3+ exchange on the octahedral 
sites, with Fe2+ occupying the adjacent dodecahedral sites. Solid solution is complete across the join 
and the correct stoichiometry was verified by Mössbauer spectroscopy. A symmetric fit to the molar 
volume data yields 119.77(2) cm3/mol [unit-cell parameter ao =11.6736(7) Å] for the Fe-knorringite 
end-member and a small negative excess volume, WV = –0.76(15) cm3/mol. Combining this result with 
literature data reveals that binary joins involving octahedral site substitutions exhibit significantly dif-
ferent behavior than those where substitution occurs on the dodecahedral sites. In the former case, WV 
is usually negative, whereas the latter joins have positive deviations from ideal behavior. Therefore, 
we conclude that the garnet structure responds in a fundamentally different way when accommodating 
different cations on the dodecahedral or octahedral sites. Mössbauer spectra of skiagite–Fe-knorringite 
garnets do not exhibit any significant asymmetry in the [8]Fe2+ doublet. Fe3+/ΣFe values determined 
at room temperature and 80 K confirm the general applicability of the recoil-free fraction correction 
factors reported by Woodland and Ross (1994) for mixed-valence garnets. Coexisting spinels in 
some samples are either binary Fe3O4–Fe2SiO4 or Fe3O4–FeCr2O4 solid solutions. Very little mutual 
solubility is apparent suggesting a significant solvus may exist between the silicate and Cr-bearing 
spinel series.
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Introduction

Chromium is an important element in many garnets, par-
ticularly those from the Earth’s mantle (e.g., Griffin et al. 1999; 
Grütter et al. 2006). Here, Cr3+ occupies the octahedral sites 
along with other trivalent cations such as Al and Fe3+. It has long 
been observed that Ca and Cr have an affinity for each other and 
that Cr incorporation in natural garnets is generally considered 
in terms of a uvarovite (Ca3Cr2Si3O12) component (e.g., Wood 
and Nicholls 1978; Brey 1989). Some garnets from kimberlites 
have been found to contain substantially more Cr than Ca, im-
plying additional Cr-bearing components such as knorringite, 
Mg3Cr2Si3O12 (Nixon and Hornung 1968). Ringwood (1977) 
demonstrated that the knorringite end-member was stable at 
pressures above ~7.0 GPa. The assignment of Cr to a particular 
component is merely a matter of convenience, since from a 
thermodynamic standpoint, natural garnets are reciprocal solid 
solutions involving mixing on more than one crystallographic 
site, and this necessitates consideration of a set of internal equi-
libria between all possible end-member components involving 
major cations (Wood and Nicholls 1978). Thus, thermodynamic 
calculations involving Cr-bearing garnets require that the proper-
ties of Ca3Cr2Si3O12 and Mg3Cr2Si3O12, as well as Fe3Cr2Si3O12, 
must be known.

Fursenko (1981) was the first to synthesize the Fe3Cr2Si3O12, 
or Fe-knorringite end-member, at 6 and 8 GPa and 1000 °C, and 
he quotes a cell edge of 11.679(2) Å. More recently, Turkin et 
al. (2002) reported a unit-cell parameter of 11.6734(4) Å for the 
same composition. However, neither of these authors checked for 
the possible presence of Fe3+, and it is not clear whether either 
cell parameter actually corresponds to the pure Fe-knorringite 
end-member or to a solid solution containing a Fe3

2+Fe2
3+Si3O12, 

or skiagite, component. The presence of various amounts of a 
skiagite component could potentially explain the difference in 
the reported cell parameters. It is important to have accurate 
molar volumes for end-member components since they are 
routinely employed in modeling the thermodynamic behavior of 
complex garnet solid solutions (e.g., Gudmundsson and Wood 
1995; Brey et al. 1999).

Mössbauer spectra of natural garnets, including those from 
the mantle, often reveal an asymmetry in the resonant absorption 
doublet corresponding to [8]Fe2+. In their classic work on natural 
garnets, Amthauer et al. (1976) attributed this asymmetry to 
spin-spin relaxation involving Cr. Unfortunately this has not 
been verified with synthetic samples where the compositional 
dependence can be unambiguously demonstrated.

To address these aspects and to better understand the 
crystal chemistry of Cr-bearing garnets in general, we have 
investigated solid solutions across the skiagite–Fe-knorringite * E-mail: woodland@em.uni-frankfurt.de


