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INTRODUCTION

Fe2+ is one of the most important cations in natural oxide
and silicate minerals. Its concentration and distribution within
these structures significantly influence the optical, electric, and
magnetic properties, including color and pleochroism. Mg-Fe2+

intra- and inter-crystalline distributions in natural (Mg, Fe)-
bearing silicates are used in modern petrology as a geother-
mometer and geospeedometer. Site determination of Fe2+ is,
therefore, one of the main goals of spectroscopic measure-
ments and from this point of view any spectroscopic docu-
mentation of Fe2+ in various coordinations and symmetries
is important.

The optical absorption spectra of Fe2+ in octahedral sites of
natural crystals have been studied in great detail. This is, how-
ever, not the case for Fe2+ in tetrahedral coordination, which
has been poorly documented in comparison to octahedral Fe2+

and needs further investigation. To our knowledge, spectra of
only two minerals, spinel (regular MO4 tetrahedron of Td sym-
metry) and staurolite [distorted MO2(OH)2 tetrahedron], have
been presented as examples of electronic dd transition of Fe2+

ions in tetrahedral sites (e.g., Slack 1964; Dickson and Smith
1976). Also, absorption bands in the spectra of gillespite (Burns
et al. 1966) and eudialyte (Pol’shin et al. 1991) have been as-
cribed to dd transitions of Fe2+ in a fourfold planar coordina-
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ABSTRACT

Optical spectra are presented for seven oxygen based, four-coordinated Fe2+ bearing minerals,
eudialyte, gehlenite, genthelvite, gillespite, pellyite, spinel, and staurolite, and two five-coordinated
Fe2+ minerals, grandidierite and joaquinite. Broad, intense spin-allowed dd bands of tetrahedrally
coordinated Fe2+, originating from the 5E Æ 5T2 transition, appear in the spectral range 3000–7000
cm–1. In the spectra of gillespite and eudialyte, minerals with square-planar coordination, the bands
shift to higher energies, appearing in the range 7000–20 000 cm–1. The amount of band splitting
depends mainly on the distortion of the ligands surrounding four-coordinated Fe2+. Splitting and
distortion are minimal for spinel with a regular tetrahedral site, and maximal for eudialyte and
gillespite. For the minerals in four-coordination, the barycenter of the split bands correlates with the
sum of the bond-length and edge-length distortion parameters if the square planer sites are excluded
from the correlation. Molar absorption coefficients (e) of the spin-allowed tetrahedral Fe2+ bands
range from ~20 cm–1·L·mol–1 to ~90 cm–1·L·mol–1. For eudialyte and gillespite, due to the centrosym-
metric character of the ligand environment, the e values ranges from about 0.5–10 cm–1·L·mol–1. For
grandidierite and joaquinite, five-coordination causes spectra that resemble those of Fe2+ in highly
distorted octahedral sites. The number of bands suggests, however, that the electronic level scheme of
five-coordinated Fe2+ in grandidierite significantly differs from that of Fe2+ in octahedral coordination.

tion environment.
Investigations of Fe2+ in various coordinations, including

fourfold ones, are important for interpretation of optical spec-
tra of minerals. Such information may be especially useful when
unusual sites of Fe2+ such as those of square-planar coordina-
tion (Platonov et al. 1979), channel sites (Goldman et al. 1978)
or the strongly distorted tetrahedral positions of Be2+ (Price et
al. 1976; Taran et al. 1989) in the beryl structure are discussed.
Note that although the basic crystal field theory of Fe2+ in tet-
rahedral coordination has been worked out, it has not been
widely tied to specific mineralogical examples.

For these reasons and also because of a growing emphasis
on synchrotron studies to address problems of oxidation state
and site occupancy of Fe in minerals (e.g., Henderson et al.
1995) that also need the interpretation of the electronic struc-
ture of Fe in various sites, we are motivated to present spectro-
scopic data for a series of tetrahedral Fe2+ standards (gehlenite,
genthelvite, pellyite, spinel, and staurolite) as well as two min-
erals, grandidierite and joaquinite, that provide site distortions
and coordination environments intermediate between tetrahe-
dral and octahedral.

EXPERIMENTAL DETAILS

Sample preparation

The samples for investigation were prepared as parallel
plates, polished on both sides. The final thickness of each
sample depends mainly on the concentration of Fe2+. The
samples were thinned until the maximum absorbance of spin-
allowed Fe2+ bands did not exceed 1.7.


