
3000003–004X/98/0304–0300$05.00

American Mineralogist, Volume 83, pages 300–304, 1998

Full multiple scattering calculations of the X-ray absorption near edge
structure at the magnesium K-edge in pyroxene

DELPHINE CABARET,1 PHILIPPE SAINCTAVIT,1,2 PHILIPPE ILDEFONSE,1 AND ANNE-MARIE FLANK2
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ABSTRACT

We present a comparison between XANES experiments and full multiple-scattering cal-
culations at the magnesium K-edge for two pyroxenes, diopside and enstatite, for which
Mg atoms are only in the M1 site and in two distinct sites M1 and M2, respectively. The
influence of the number of octahedral sites per unit cell and of the site distortion on Mg
K-edge XANES spectra is investigated. Good agreement between experiment and calcu-
lations is obtained. Full multiple-scattering calculations permit identification of the contri-
bution of each site. Comparison reveals that the Mg K-edge spectra of enstatite and di-
opside M1 sites have the same XANES profile. Cluster size analysis shows that most Mg
K-edge XANES features are related to medium range order, i.e., 6 Å around the absorbing
atom. We therefore clearly define the Mg K-edge signature of the geometrical arrangement
of atoms around each site, M1 and M2.

INTRODUCTION

Pyroxenes are an important group of rock-forming fer-
romagnesian silicates. They are widespread in crustal and
upper mantle rocks of basaltic and ultramafic compositions
and occur as stable phases in almost every type of igneous
rock. Pyroxenes have been extensively studied in mineral-
ogy and petrology. Understanding the crystallographic,
chemical, and physical properties is still of great interest in
earth and environmental sciences (Yang and Ghose 1995;
Wentzcovitch et al. 1995; Dimanov et al. 1996).

X-ray absorption spectroscopy is a powerful technique for
structural characterization of minerals. Notably, X-ray ab-
sorption in the vicinity of absorption edges (commonly
called XANES: X-ray Absorption Near Edge Structure) is
highly sensitive to the geometrical environment around the
absorbing atom and its medium range organization. Full
multiple scattering (FMS) calculations allow interpretation
of X-ray absorption spectra even in structurally complex
materials (Wu et al. 1996a, 1996b, 1996c; Cabaret et al.
1996). We used this method to interpret Al K-edge spectra
in oxides and silicates with various coordination numbers
(Cabaret et al. 1996). Most XANES studies related to py-
roxenes involve the energy range 4 keV-8 keV: Paris and
Tyson (1994) interpreted Fe K-edge XANES spectra of the
orthoferrosilite Fe2Si2O6 by FMS theory and compared the
results with wüstite (FeO). Farges (1995) also examined the
Fe-K edge in orthopyroxene (Fe-bearing Mg2Si2O6) to in-
vestigate the iron substitution processes. Paris et al. (1995)
characterized the calcium environment in omphacitic pyrox-
enes, comparing Ca K-edge XANES spectra with FMS cal-
culations. More recently, Closmann et al. (1996) presented

an experimental and theoretical EXAFS study of the crystal
chemistry of (Mg0.88Fe0.12)SiO3 at the Fe K-edge.

In contrast, Mg K-edge XANES spectra in pyroxenes
have not been widely studied because measurements in the
energy range 1000–2000 eV proved to be difficult (Mottana
et al. 1996). Furthermore, the theoretical interpretation of
XANES in complex materials is a delicate matter. In the
literature, most Mg K-edge studies are related to MgO. This
compound is used as a reference due to its cubic structure,
and is also an important substrate for numerous studies in
surface physics (Wu et al. 1996b; Aritani et al. 1996; Yosh-
ida et al. 1995; Tanaka et al. 1995). Experimental studies of
Mg K edge XANES in minerals have been the subject of
two papers: Ildefonse et al. (1995) present Mg K-edge spec-
tra of crystalline model compounds such as spinel, periclase,
pyrope, and diopside; and Mottana et al. (1996) briefly com-
pare experimental data with calculations at the Mg K-edge
of diopside and omphacite. To our knowledge, no detailed
multiple-scattering analysis at the Mg K-edge in pyroxenes
has been carried out. In this paper, we present FMS calcu-
lations at the magnesium K-edge in two pyroxenes that we
compare with experiments: Enstatite, which is characterized
by two different sites for Mg atoms, and the clinopyroxene
diopside, in which Mg atoms only occupy one type of site.
Thus, our purpose is to clearly determine how the number
of octahedral sites on the one hand and the site distortion
on the other hand affect the Mg K-edge XANES spectra.

EXPERIMENTAL AND THEORETICAL METHODS

Diopside and enstatite samples from Kilbourne Hole
ultramafic xenoliths, New Mexico, have the following
compositions: diopside 5 (Na0.08Ca0.78Mg0.14)(Mg0.78Fe0.08


