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INTRODUCTION

Intervalence charge transfer (IVCT) optical absorption 
bands (Fe2+ + Fe3+ →  Fe3+ + Fe2+ and Fe2+ + Ti4+ →  Fe3+ + 
Ti3+) commonly observed in the optical spectra of many oxygen-based 
minerals (Burns 1993), seldom occur in garnet. The literature 
contains only a few publications devoted to optically induced 
IVCT processes in garnets, mostly those with relatively 
high Fe and Ti-contents. Moore and White (1971) observed a 
broad band in the near-infrared region at ~5280 cm�1 in spectra 
of Ti-enriched melanites. It was attributed to Fe2+ + Ti4+ →  Fe3+ 
+ Ti3+ IVCT electronic transitions, assuming that Fe2+ and Ti4+ ions 
enter dodecahedral and tetrahedral positions, respectively, of 
the garnet structure. Later, Taran et al. (1978) and then Pla-
tonov et al. (1991) attributed a broad intense band at ~23 500 
cm�1 in spectra of Fe and Ti-bearing natural garnets from mantle 
eclogites to represent Fe2+ + Ti4+ →  Fe3+ + Ti3+ IVCT between 
Fe2+ and Ti ions in, respectively, dodecahedral and octahedral 
sites of the structure. Last, IVCT between Fe2+ and Fe3+ in do-
decahedral and octahedral sites was observed by Khomenko et 
al. (1993a, 1993b) in spectra of synthetic garnets of skiagite 
(Fe3

2+Fe2
3+Si3O12) to almandine (Fe3

2+Al2
3+Si3O12) composition as a 

broad intense band with maximum at about 20 500 cm�1.
The relatively low probability for Fe2+/Ti4+ and, especially, 

Fe2+/Fe3+ IVCT transitions in garnets is most likely related to 
peculiarities of the garnet structure. In contrast to most miner-
als, wherein optically induced Fe2+/Fe3+ IVCT processes are 
widespread (micas, clinopyroxenes, amphiboles etc.), the garnet 
structure does not contain equivalent edge- or face-sharing 
cation sites that can accommodate Fe2+/Fe3+ intervalent pairs. 
In the silicate garnet structure, such Fe2+ and Fe3+ predomi-
nantly enter the edge-sharing dodecahedral and octahedral 
sites, respectively, which have relatively long intercationic 
distances [3.20�3.25 Å from pyrope to spessartine (Novak and 
Gibbs 1971)]. Therefore, the intervalent Fe2+/Fe3+ ion pairs in the 
garnet structure are rare and of a rather asymmetrical character 
(cf. Sherman 1987). Garnet IVCT transitions, if they exist, 
should appear at higher energies than those arising from sym-
metrical Fe2+/Fe3+ IVCT bands in other minerals. Therefore, 
delocalization of the d-electron along Fe2+-Fe3+ bond and the 
resultant electronic Fe2+/Fe3+ IVCT transitions in garnets may 
have relatively low probabilities. Perhaps for these reasons, in 
spite of relatively high contents of VIIIFe2+ and VIFe3+ in many of 
them, natural garnets usually do not show any signiÞ cant absorp-
tion in the spectral range from ca. 12 000 to 16 000 cm�1 where Fe2+ + 
Fe3+ → Fe3+ + Fe2+ IVCT transitions occur in other minerals (Burns 
1993). Thus, Fe2+ + Ti4+ → Fe3+ + Ti3+ IVCT and, especially, Fe2+ + 
Fe3+ →  Fe3+ + Fe2+ IVCT, the latter having much smaller oscillator 
strength than the former one (Mattson and Rossman 1987), should 
be observed only in garnets with high concentrations of relevant * E-mail: taran@igmr.relc.com

Optical absorption study of natural garnets of almandine-skiagite composition showing 
intervalence Fe2+ + Fe3+ → Fe3+ + Fe2+ charge-transfer transition

MICHAIL N. TARAN,1,* M. DARBY DYAR,2 AND STANISLAV S. MATSYUK1

1Institute of Geochemistry, Mineralogy and Ore Formation, National Academy of Sciences of Ukraine, Palladin Avenue 34, Kiev-142, 252680 Ukraine
2Mount Holyoke College, 50 College Street, South Hadley, Massachusetts 01075, U.S.A.

ABSTRACT

A broad (FWHM ≈ 7300 cm�1) intense band at ~21 700 cm�1 in the optical absorption spectra of 
natural Fe2+, Fe3+-rich garnets is attributed to electronic intervalence charge-transfer transitions (IVCT), 
VIIIFe2+ + VIFe3+ → VIIIFe3+ + VIFe2+. In Fe3+, Fe2+-bearing garnets of predominantly almandine com-
positions, this band causes yellowish tinges in addition to the pink color, typical of pure Fe3+-free 
almandines. In garnets from deeper-seated maÞ c granulites from kimberlite pipes in Siberia with 
high skiagite (Fe3

2+Fe2
3+Si3O12) contents, IVCT causes intense brownish-yellow colors. The relatively 

high energy of the band (~21 700 cm�1) compared to diverse minerals showing IVCT between Fe2+ and 
Fe3+ in adjacent octahedral sites, is attributed to the charge-transfer transition taking place between Fe2+ 
and Fe3+ in non-equivalent, dodecahedral and octahedral sites of the garnet structure. Band intensity 
is directly correlated with the product of Fe2+ and Fe3+ as measured by Mössbauer spectroscopy. The 
energy of the IVCT band is nearly independent of temperature, whereas its intensity decreases slightly 
with increasing temperature. Pressure induces a weak shift of the band to lower energies, ∆ν/∆P 
≈ �75 cm�1/GPa, but intensity of the bands remains practically unchanged. Such temperature and 
pressure dependencies are quite different from those in other minerals showing IVCT between Fe2+ 
and Fe3+ in equivalent octahedral positions of structure.
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