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INTRODUCTION

The mechanical properties of olivine have been of long-stand-
ing interest as this mineral dominates the Earthʼs upper mantle. 
This layer extends down to the transition zone (starting at ca. 
410 km depth) where olivine transforms into its high-pressure 
polymorphs. The upper mantle is an important boundary layer, 
not only because it represents about 20% of the volume of the 
Earth, but also because ß ow in the asthenospheric mantle is 
largely responsible for driving plate tectonics. 

Reß ecting this strong interest, a large body of experimental 
deformation data [mostly at room or low (300 MPa) pressure, 
see below] are available that address the mechanical properties 
of olivine. Except shock experiments, which represent a special 
case, most experiments have focused on the high-temperature 
(i.e., above ca. 1000 °C) mechanical properties, emphasizing 
the complex inß uence of point defect chemistry (including 
water-related defects) on olivine plastic behavior. The recent 
development of high-pressure deformation experiments raises 
the question of the inß uence of pressure on plastic deformation of 
minerals and challenges our understanding of their deformation 
mechanisms. On the theoretical side, however, not many studies 
have been devoted to the fundamentals of plastic deformation of 
olivine. The recent rapid developments of large-scale computing 
capabilities now allow us to address mechanical properties from 
a fundamental perspective. In materials with simple structures, 
like metals, it is now possible to model dislocation cores, and 
also fundamental processes like cross-slip, using atomic-scale 
simulations relying on empirical potentials (Rasmussen et al. 
1997). In mineral physics, this approach is not yet very devel-
oped. One of the advantages of ab initio calculations is that the 
chemical complexity (for which an empirical potential descrip-

tion is either not available or not reliable) does not have to be 
taken into account explicitly, the interaction between the atoms 
being fully described by a universal functional of the electronic 
density (see below). This allows us to address complex systems 
such as minerals with relatively low symmetries and large unit 
cells containing several kinds of atoms. Indeed, it is likely that 
such complex crystal chemistry has profound implications on 
plastic properties. From a fundamental point of view, plastic shear 
has to localize on speciÞ c planes which, in silicate minerals, are 
often located on cationic layers between the SiO4 tetrahedra. 
Not all potential glide planes are equivalent and they are likely 
to exhibit contrasting intrinsic resistance to plastic shear. Us-
ing ab initio methods, it is possible to calculate the ideal shear 
strength and to emphasize the anisotropic character induced by 
the complex chemistry. This approach is applied here to forsterite 
for the Þ rst time.

SLIP SYSTEMS IN OLIVINE

Geologically relevant olivines belong to a solid-solution 
between two end-member phases: forsterite (Fo) Mg2SiO4 and 
fayalite (Fa) Fe2SiO4. Olivines from the upper mantle have a 
Mg-rich composition (ca. Fo90). The present study will focus on 
forsterite alone. The structure of olivine is based on a distorted 
hexagonal close-packed oxygen sublattice. The Bravais lattice 
is orthorhombic (space group Pbnm) with b being almost twice 
as long as a and c (see Table 1). The unit cell contains four 
formula units. 

Numerous deformation experiments have been performed 
on olivine and forsterite single crystals (Kohlstedt and Goetze 
1974; Durham 1975; Durham and Goetze 1977; Durham et al. 
1977, 1979; Darot and Gueguen 1981; Gueguen and Darot 
1982) with a view to characterizing the slip systems. In most 
cases, experiments have been performed along the pseudo-cubic 
orientations [101]c, [110]c, and [011]c which allow activation of * E-mail: patrick.cordier@univ-lille1.fr
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ABSTRACT

We present ab initio calculations of ideal shear strengths (ISS) in forsterite at zero temperature using 
pseudopotential density functional theory within the generalized gradient approximation. A localized 
rigid-body shear is imposed on a given plane of an inÞ nite defect-free crystal. The energy increase 
associated with this shear (called the generalized stacking fault energy) gives access to the ISS. The 
goal of this study is to assess the inß uence of crystal chemistry on the intrinsic resistance of plastic 
shear of a mineral like forsterite. ISS have been calculated for plastic shear along [100], [010], and 
[001] in various potential glide planes of forsterite. We show that the [001] slip, which corresponds 
experimentally to an easy glide at low temperature, exhibits the lowest energy barrier. The [010] glide 
is precluded because it involves very unfavorable atom impingements. 


