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INTRODUCTION

Olivine deforms by dislocation creep in the shallow upper 
mantle, as revealed by seismic-velocity anisotropies observed in 
this region that allow characterization of upper mantle convective 
ß ows (Montagner 1994; Park and Levin 2002; Debayle et al. 
2005). Seismic anisotropy is interpreted from the lattice-preferred 
orientations (LPO) produced experimentally in olivine, which 
depends on the dominant dislocation slip systems (see Karato 
1987; and Kaminski and Ribe 2001). Olivine slip systems, and 
their implications on olivine rheology, have thus been extensively 
studied although at relatively low hydrostatic pressure (P < 3 
GPa), mostly because of experimental limitations (Raleigh 1968; 
Carter and Avé Lallemant 1970; Phakey et al. 1972; Kohlstedt 
and Goetze 1974; Poirier 1975; Kohlstedt et al. 1976, 1980; 
Durham and Goetze 1977; Durham et al. 1977, 1979; Gueguen 
1979; Jaoul et al. 1979; Darot and Gueguen 1981; Gueguen and 
Darot 1982; Ricoult and Kohlstedt 1985; Bai and Kohlstedt 
1992a, 1992b; Bai et al. 1992; Jin et al. 1994). At P < 3 GPa, 
mantle temperature (T > 1173 K), moderate differential stress 
(σ ≈ few hundreds MPa or less), and, in dry conditions, olivine 
[100](010) and [100](001) slip systems (space group Pbnm), 
further referred as a-slip, dominate the less active [001](010) 

and [001](100) systems, here referred as c-slip. This results in 
aligning crystal fast velocity [100] axis with the principal shear 
direction in deforming aggregates. Yet, recent high-temperature 
deformation experiments carried out at 11 GPa (Couvy et al. 
2004), as well as a theoretical study based on Þ rst-principle 
calculations (Durinck et al. 2005), suggest that olivine c-slip 
may be dominant in the deep upper mantle where P reaches 
14 GPa at the transition zone boundary. This would promote a 
shear-parallel slow-velocity [001] axis, which could explain the 
seismic-velocity attenuation observed with depth (Mainprice et 
al. 2005). Such an olivine a-slip/c-slip transition has previously 
been attributed to the presence of water in the deforming olivine 
(e.g., Jung and Karato 2001; Jung et al. 2006). A pressure effect 
with similar consequences would thus have strong implications 
on the geophysical interpretation of mantle seismic anisotropy, 
i.e., on our present understanding of mantle convection. 

The aim of the present study was to compare and quantify 
the activities of olivine a-slip and c-slip at mantle pressure and 
temperature to determine the conditions of a possible pressure-
induced transition between these two slips. This was achieved 
by carrying out steady-state deformation experiments on pure 
forsterite single crystals at mantle P and T, in a newly developed 
D-DIA apparatus coupled with X-ray synchrotron radiation 
(Wang et al. 2003; Li et al. 2004), which allows in situ determi-
nation of applied stress (σ) and sample strain rate (ε. ).
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ABSTRACT

Deformation experiments were carried out in a Deformation-DIA high-pressure apparatus (D-DIA) 
on oriented Mg2SiO4 olivine (Fo100) single crystals, at pressure (P) ranging from 2.1 to 7.5 GPa, 
in the temperature (T) range 1373�1677 K, and in dry conditions. These experiments were designed 
to investigate the effect of pressure on olivine dislocation slip-system activities, responsible for the 
lattice-preferred orientations observed in the upper mantle. Two compression directions were tested, 
promoting either [100] slip alone or [001] slip alone in (010) crystallographic plane. Constant applied 
stress (σ) and specimen strain rates (ε. ) were monitored in situ using time-resolved X-ray synchrotron 
diffraction and radiography, respectively. Transmission electron microscopy (TEM) investigation of the 
run products reveals that dislocation creep assisted by dislocation climb and cross slip was responsible 
for sample deformation. A slip transition with increasing pressure, from a dominant [100]-slip to a 
dominant [001]-slip, is documented. Extrapolation of the obtained rheological laws to upper-mantle 
P, T, and σ conditions, suggests that [001]-slip activity becomes comparable to [100]-slip activity in 
the deep upper mantle, while [001] slip is mostly dominant in subduction zones. These results provide 
alternative explanations for the seismic anisotropy attenuation observed in the upper mantle, and for 
the �puzzling� seismic-anisotropy anomalies commonly observed in subduction zones.
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