American Mineralogist, Volume 82, pages 672–676, 1997
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ABSTRACT
Optical properties of fayalite, Fe2SiO4, have been obtained from ab initio calculations
on the basis of the self-consistent energy band structure. The semi-relativistic, extended
linear-augmented plane wave method (ELAPW) was used. Comparison of the calculated
polarized optical spectra with experimental absorbance spectra shows satisfactory agreement. This observation allows a semiquantitative interpretation of the origins of the observed d-d transitions. Energy level diagrams for Fe21 ions in the M1 and M2 sites have
been constructed using the Xa-scattered waves cluster method. These calculations quantitatively justify the use of the relationship DE ` 1/R5, which is often used for the derivation
of crystal-field stabilization energies at high pressures.

INTRODUCTION
The study of olivines is motivated by the fact that they
are, with garnets and pyroxenes, the most important minerals in the Earth’s upper mantle. Crystal chemical and
structural properties of olivines have been reviewed by
Brown (1982). The olivine structure can incorporate a
large variety of 3d-transition metal ions. The influence of
3d-transition metal elements on the thermodynamic properties of minerals, through crystal field stabilization energies, is well known and recently was summarized by
Burns (1993). The most common transition metal bearing
olivine end-member is fayalite, Fe2SiO4. Fe-containing olivines have been the subject of several spectroscopic investigations (see review in Burns 1993); in particular, polarized (Burns 1970; Runciman et al. 1973) and
unpolarized (Smith and Langer 1982) optical spectra of
fayalite in visible and near-infrared region were measured. Because of their complex crystal structure, minerals pose a particular challenge for calculation of physical properties by ab initio methods. To our knowledge
there have been no parameter-free quantum mechanical
calculations of optical properties for minerals and no energy band structure calculations for fayalite.
The orthorhombic olivine structure belongs to the
space group Pbnm and contains four Fe2SiO4 molecules
per primitive cell. Atomic positional coordinates are listed in Table 1. Olivine contains discrete SiO4 tetrahedra;
all O atoms are bonded to just one Si atom. Each Fe atom
is surrounded by a distorted octahedron of O atoms. The
slightly smaller octahedron around the Fe1 site is centrosymmetric and its point symmetry is 1 (Ci ) The slightly
larger octahedron around the Fe2 site is acentric: Three
Fe-O distances are significantly longer then the other
three, and the octahedron is trigonally distorted. The point
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symmetry of the Fe2 position is m (Cs). The experimental
values of lattice parameters given by Schwab and Kustner
(1977) are a 5 4.8211, b 5 10.4779, and c 5 6.0889 Å.
The crystal and optical axes relate by a \ b, b \ c, g \ a.
The polarized absorbance spectra of fayalite were measured by Burns (1970) in the region 0.5–3 eV. Fayalite is
pleochroic: the mineral is pale yellow when the incoming
light is parallel to a and b, and orange yellow when it is
parallel to c. A distinctive feature of the g spectrum is a
very strong peak at 1.115 eV. The a and b spectra look
similar, both having two broad peaks at ;1.00 and ;1.37
eV.
Burns (1970) treated the Fe1 and Fe2 sites in fayalite
as having pseudo-tetragonal and pseudo-trigonal symmetry, respectively. On the basis of this assumption he
proposed the energy level diagram for Fe21 ions in the
two positions and explained the polarized absorption
spectra in terms of the transitions between the split crystal-field levels. An alternative interpretation was proposed
by Runciman et al. (1973), who regarded the Fe2 site as
having C2n symmetry.
Burns (1970) attributed the strong peak in the g spectrum to excitations of the electrons localized at the site
Fe2, and both peaks in the a and b spectra to those at
the Fe1 site. The present work goes beyond the qualitative analysis based on the idealized models of the Fe ion
environment. We numerically solve the Schrödinger
equation for a perfect Fe2SiO4 crystal without simplifying
its crystal structure. We use two complementary approaches: the band-structure concept and the cluster model. The former approach uses as a basis the crystal geometry and atomic constituents and yields the optical
spectrum without using any adjustable parameters. However, the intermediate results are given in terms of Bloch
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