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INTRODUCTION

Natural garnets in general, but especially those belonging
to the grossular-andradite series, often exhibit weak birefrin-
gence. Various reasons for this anomalous optical behavior of
normally cubic garnets are discussed in the literature (e.g.,
Akizuki 1984; Allen and Buseck 1988; Kingma and Downs
1989; Hofmeister et al. 1998). These include:

(1) Plastic deformation (Allen and Buseck 1988).
(2) Substitution of rare-earth cations for Ca, resulting in

magneto-optical effects (Blanc and Maissoneuve 1973).
(3) Residual strain from lattice mismatch at compositional,

twin or grain boundaries (Chase and Lefever 1960; Lessing
and Standish 1973; Kitamura and Komatsu 1978; Foord and
Mills 1978; Akizuki 1984; Hofmeister et al. 1998). In their in-
vestigation of 48 optically anisotropic garnets, Hofmeister et
al. (1998) found that strain is accompanied by low birefrin-
gence with δ up to 0.0006 and undulatory extinction.

(4) Large scale twinning (Ingerson and Barksdale 1943;
Brown and Mason 1994).

(5) Reduction of symmetry due to ordering of cations on

The crystal chemistry of birefringent natural uvarovites: Part I. Optical investigations and
UV-VIS-IR absorption spectroscopy

MICHAEL ANDRUT AND MANFRED WILDNER*

Institut für Mineralogie und Kristallographie, Universität Wien, Geozentrum, Althanstrasse 14, A-1090 Wien, Austria

* E-mail: manfred.wildner@univie.ac.at

ABSTRACT

Six garnet crystals with compositions close to the uvarovite-grossular binary from three different
localities (Saranov, Veselovsk, and Saranka, Ural Mountains, Russia) were investigated by optical
methods, electron microprobe analysis, and polarized UV-VIS-IR micro-spectroscopy. Under crossed
polarizers the crystals display “strong” birefringence in the order of 0.006 and formation of domains,
aligned parallel to the crystal faces of the form {110}. Referring to the cubic cell, Y is always parallel
to a principal lattice direction, e.g., [010]cub, whereas X and Z are then parallel to [101]cub and [101

–
]cub,

respectively.
The garnets are uvarovite-grossular solid solutions with 48 to 71 mol% uvarovite component and

traces of Ti, Fe, Mn, and Mg, and exhibit no compositional zoning.
Polarized single crystal infrared absorption spectra in the region of the OH stretching vibration

display 14 discernible, partly superimposing, and strongly anisotropic absorption bands between
3470 and 3680 cm–1, which are caused by structurally incorporated hydroxyl groups. The polariza-
tion behavior observed for individual samples complies with orthorhombic, monoclinic, and tri-
clinic crystal symmetry, respectively. The water content calculated using an integral extinction
coefficient, ε = 43800 L/cm2 ·mol, ranges from 0.07 to 0.34 wt%. Annealing experiments indicate
that the incorporation of hydroxyl groups is not the primary cause for the anisotropic behavior.
Instead, cation ordering on octahedral positions may play an important role. This assumption is
substantiated by single crystal X-ray diffraction investigations reported in Part II of the present study
(Wildner and Andrut 2001).

Contrary to the IR spectroscopic data, single-crystal electronic absorption spectra show no sig-
nificant polarization behavior in the UV-VIS-NIR spectral region. The observed absorption bands
are caused by d-d transitions of Cr3+ cations in octahedral coordination. The linear extinction coeffi-
cients of the investigated uvarovites strongly indicate that the Cr3+ cations occupy centrosymmetric
sites, regardless of the exact symmetry reduction from Ia3–d.

octahedral (Al and Fe3+: Takéuchi et al. 1982; Akizuki 1984;
Allen and Buseck 1988; Akizuki et al. 1998) and/or on dodeca-
hedral sites (Ca and Fe2+: Kingma and Downs 1989; Griffen et
al. 1992).

(6) Presence of OH groups which are distributed in a non-
cubic manner (Rossman and Aines 1986).

Most natural garnets with anisotropic properties studied so
far belong to the grossular-andradite series (Takéuchi et al.
1982; Akizuki 1984; Aines and Rossman 1984; Allen and
Buseck 1988; McAloon and Hofmeister 1993; Akizuki et al.
1998). In contrast, natural garnets with a significant uvarovite
component have only occasionally been subject to detailed in-
vestigations. The structure of an isotropic near end-member
uvarovite from Washington (California) was refined by Novak
and Gibbs (1971). Von Knorring (1951) reported both optically
isotropic and anisotropic uvarovites from Outokumpu (Finland).
Foord and Mills (1978) attempted to explain the anomalous
optical properties of several mineral species, but for their uvaro-
vite sample no explanation was given.

Chromium-rich garnets were the subject of a number of UV-
VIS spectroscopic absorption studies, but unfortunately few
authors also gave complete chemical analyses, so that the spec-
tral data could be quantitatively interpreted and compared


