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ABSTRACT
An atomistic computer simulation study has been undertaken to determine the energies associated with different mechanisms of Fe3+ incorporation into forsterite and wadsleyite, and to determine why Fe3+ substitutions into some mantle minerals (such as forsterite) are less favorable than in
others. We have also compared our results to previous results obtained for perovskite. In all three
phases, the most favorable substitution mechanism is Fe3+ entering both the Mg and Si sites. In
forsterite, the energy of incorporation is 2 eV less favorable than the same mechanism in perovskite
and 1 eV less favorable than in wadsleyite. These differences are due to significantly different energies for the substitution of Fe3+ into the Si site in each of these silicates. This substitution was most
favorable in perovskite (octahedral site), less favorable in wadsleyite (tetrahedral site) and least
favorable in forsterite (also tetrahedral). The energy difference between forsterite and wadsleyite
was found to be the result of structural effects. The linked tetrahedra in wadsleyite are able to distort
more easily to accommodate Fe3+ than the isolated SiO4 tetrahedra in forsterite.

INTRODUCTION
There is great interest in understanding the incorporation
of Fe in mantle minerals, due to its importance in the interpretation of Earth electrical conductivity profiles, oxygen fugacity, and its potential effects of other properties. It has been
observed in experiments that very little Fe3+ is accommodated
in the dominant upper mantle phase olivine (Nakamura and
Schmalzried 1983; O’Neill et al. 1993). However, at conditions expected for the top of the transition zone olivine undergoes a phase change to wadsleyite, which is believed to be able
to accommodate larger amounts of Fe3+ (O’Neill et al. 1993;
Angel 1997). This partly follows from studies of Fe 3+ in
wadsleyite (for example Hazen et al. 1990; Finger et al. 1993;
Smyth 1994; Smyth et al. 1997; Woodland and Angel 1998)
and from studies of other trivalent substitutions (Ohtani et al.
1986; Ito and Takahashi 1987; Ohtani and Sawamoto 1987).
Although these features have been observed in experiment, there
is no evidence indicating the reason why so little Fe3+ enters
olivine, yet seems to be freely accommodated into wadsleyite
and perovskite.
Here, we present results of a computer simulation study of
the energies associated with the incorporation of Fe3+ in the
Mg and Si sites of forsterite and wadsleyite, together with Mg,
Si, and O vacancies. The results are used to determine the energies for different substitution mechanisms and thus which
mechanism is most favorable. These are then compared with
Fe3+ substitution mechanism energies that have been previously
calculated for perovskite (Richmond and Brodholt 1998) to
identify why so little Fe3+ can be incorporated into olivine in
comparison with wadsleyite and perovskite. In the following
section the method used is presented, followed by a summary
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of results. The possible substitution mechanisms in the phases
of interest are then discussed followed by a comparison with
results obtained for perovskite.

METHODS
Due to the computationally intensive nature of ab initio
methods and the number of atoms required in the study of defects in minerals (up to ~500 atoms), an atomistic method based
on the Born model of the atom was used. The PARAPOCS
code (Parker and Price 1989) was used, with potential parameters from Lewis and Catlow (1985) and Sanders et al. (1984).
This method and these potentials were applied to perovskite
and are described in full elsewhere (Richmond and Brodholt
1998).
Perfect lattice calculations were carried out for the phases
of interest at 0 and 15 GPa. Table 1 presents the minimum energies obtained for each structure, which are required for the
calculation of the substitution mechanism energies that will be
discussed later. For the 0 GPa structures the static dielectric
constants are also presented. Cell parameters have been reported
previously (Richmond and Brodholt 1998) and are not included
in Table 1. Bond lengths show good agreement with experimental values, and a comparison of the Si-O bond lengths between calculation and experiment is presented in Figures 1 and
2. Agreement is also shown with results from other computer
simulation studies (including Wright and Catlow 1996; Matsui
1996; Brodholt 1997).
Defect calculations were carried out using the supercell
method, keeping the lattice cell parameters fixed at the
optimised values. For charge defects both background and
charge interaction corrections (Leslie and Gillan 1985) were
included. Individual defects were introduced into the structure
and the atomic positions then relaxed until a minimum energy
was obtained. No symmetry corrections were enforced during
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