
ABSTRACT

The optical spectra of dravite (tourmaline) with an unusually high ratio of Fe3+ to Fe2+ and a syn-
thetic elbaite with high Fe3+ content were studied at high temperature (297 to 600 K) and high pres-
sure (to 10.51 GPa) conditions. Individual absorption bands derived from paired Fe atoms were iden-
tified in the spectra and their temperature and pressure dependence was studied. The most pronounced
effects are the intensification of the two Fe2+-related bands (~9090 cm–1 and ~14300 cm–1) at pressure,
their shift to higher energy at pressure, and their pronounced intensity decrease with increasing tem-
perature. Such behavior is assumed to be caused by an electronic exchange interaction in an Fe2+-Fe3+

pair at adjacent Y sites in the structure.
Temperature and pressure dependencies of the bands attributed to Fe3+-Fe3+ exchange-coupled pairs

are noticeably different from those of Fe2+-Fe3+ pairs. This shows that the two types of pairs have differ-
ent exchange interactions, and points to the need for further experimental and theoretical investigation. 

The intensity of the intense E^c-polarized band at ~ 20580 cm–1 originating from the 6A1g Æ   (4A1g,
4Eg) transition of the Fe3+(Y)-Fe3+(Y) pair, depends moderately on temperature and pressure. The inten-
sity of a weak shoulder at ~18350 cm–1 (E^c), also attributed to an Fe3+(Y)-Fe3+(Y) pair, decreases and
nearly disappears between 5.44 and 9.55 GPa. The intensity of the E||c-polarized band at ~18500 cm–1,
attributed to an Fe3+(Z)-Fe3+(Z) pair, displays a strong inverse temperature dependence, whereas the
energy of the band remains nearly constant. 
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dependencies that are different from those of ordinary spin-
allowed dd bands of “isolated” Fe2+ (e.g., Smith and Strens
1976; Smith 1978; Mattson and Rossman 1987; Taran et al.
1996). By analogy, one might expect a similar situation for
bands caused by electronic transitions of Fe3+-Fe3+ exchange-
coupled pairs. From this point of view, it is interesting to inves-
tigate the temperature and pressure behavior of optical-absorp-
tion spectra of Fe3+-rich tourmaline. 

In this work, the results of a high-temperature and high-pres-
sure optical spectroscopic study of an unusual red ferrian
dravite from Kenya are presented. Because about 90% of the
iron in this dravite is Fe3+, the highest percentage of ferric iron
so far found in a natural tourmaline, its characterization is of
fundamental importance. Additional detailed characterization of
this tourmaline, including its chemical composition, optical and
Mössbauer spectra, and crystal structure have been presented by
Bank (1974), Dunn et al. (1975), Mattson and Rossman (1984)
and Hawthorne et al. (1993). 

Previously, a synthetic, hydrothermally grown, Fe3+-doped
tourmaline was measured in the 380–1000 nm range (Taran et
al. 1993, Sp. 5) that shows a number of similarities to the natu-
ral tourmaline in question. For comparison, it was re-investigat-
ed here in the broader spectral range 350–2500 nm. By micro-
probe analysis, this sample contains 4.52 wt% FeO or 0.61 Fe3+

atoms per formula unit (apfu) (Taran et al. 1993).

EXPERIMENTAL DETAILS

Samples for investigation were prepared as oriented, trans-
parent, self-supporting plates, polished on both sides. The

INTRODUCTION

The spectroscopy of the tourmaline group is not fully under-
stood, in part because of complicating interactions between and
among ions in the many cation sites. Many of the complications
derive from iron and its interactions, which strongly influence
the color, pleochroism, and spectroscopic properties by an
exchange-coupling interaction between ferrous and ferric ions.
This interaction causes intensification of the spin-allowed crys-
tal-field 5T2g Æ 5Eg bands of Fe2+ at Y sites adjacent to Y sites
occupied by Fe3+ (Smith and Strens 1976; Smith 1978; Mattson
and Rossman 1987). Because the Fe2+-Fe3+ interaction domi-
nates within the Y site trimers and is much weaker in the Z site
helixes along the c axis, both natural (Smith 1978; Mattson and
Rossman 1987) and synthetic (Fe2+, Fe3+)-bearing tourmalines
(Taran et al. 1993) display strong dichroism E^c >> E||c.

Optical absorption bands attributed to the electronic dd tran-
sitions of ferric ions have been assigned in natural (Mattson and
Rossman 1984) and in synthetic tourmalines (Taran et al. 1993).
These bands differ in their intensity, energy, and width from the
corresponding bands in spectra of Fe3+-bearing minerals and
compounds where ferric ions occupy “isolated” structural sites.
For this reason, Mattson and Rossman (1984) attributed them to
electronic transitions of Fe3+-Fe3+ exchanged-coupled pairs in
trimers and helixes of the tourmaline structure. 
Absorption bands of Fe2+ enhanced by exchange interaction in
Fe2+-Fe3+ pairs display unusual temperature and pressure
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