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abstract

In this study, we propose a study of dislocations and plasticity in CaSiO3 perovskite based on the 
Peierls-Nabarro modeling using the generalized stacking fault (GSF) results as a starting model. The 
GSF are determined from first-principle calculations using the VASP code. The dislocation properties 
such as planar core spreading and Peierls stresses are determined for the four possible slip systems: 
〈110〉{110}, 〈100〉{011}, 〈110〉{001}, and 〈100〉{001} and at 0, 30, and 100 GPa. We find that 〈110〉
{110} is the easiest slip system, but more surprisingly, we show that it bears no Peierls friction, even 
at the higher pressure. The reasons lie in the ability of these dislocations to split into partial disloca-
tions and in the nature of the stacking fault associated with it. 
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introDuction

Current geochemical models for the lower mantle suggest 
that CaSiO3 perovskite (Ca-Pv) is a major mineral phase since it 
carries Ca in this region of the Earth (Fiquet 2001; Ricard et al. 
2005). Ca-Pv is even more important in subducted slabs where it 
can account for up to 20 wt% (Perrillat et al. 2006; Ricolleau et 
al. 2008). It is thus necessary to gain more information about the 
physical properties of Ca-Pv. However, this is rendered difficult 
by the fact that Ca-Pv cannot be quenched to ambient conditions. 
In this study, we focus on the mechanical properties for which 
we have little experimental data (Shieh et al. 2004; Miyagi et 
al. 2006) and so far no theoretical modeling. We have shown 
recently, using Peierls-Nabarro dislocation core modeling, that 
the dislocation structures and mechanical properties of MgSiO3 
perovskite (Mg-Pv) and tausonite SrTiO3 differ significantly 
(Ferré et al. 2007, 2008). Several reasons can be invoked to 
explain these differences. The first one is the structure because 
Mg-Pv is orthorhombic, and we have highlighted the influence 
of its large distortions on the dislocation core fine structures. 
The second is related to atomic bonding, which is expected to be 
markedly different in Mg-Pv at mantle pressures and tausonite at 
zero pressure. The actual symmetry of Ca-Pv is still a matter of 
debate. Originally reported to be cubic (Liu and Ringwood 1975; 
Mao et al. 1989; Tamai and Yagi 1989) there is now a large body 
of evidence suggesting that Ca-Pv exhibits a lower symmetry 
(Akber-Knutson et al. 2002; Shim et al. 2002; Ono et al. 2004; 
Kurashina et al. 2004; Jung and Oganov 2005; Caracas et al. 

2005; Adams and Oganov 2006; Li et al. 2006; Komabayashi et 
al. 2007). However, the deviation from cubic symmetry is small 
(0.7% or smaller deviation in the c/a ratio) and is difficult to 
discriminate either numerically or experimentally (Shim et al. 
2002; Caracas et al. 2005; Miyagi et al. 2006).

In this study, we investigate the fine core structure of disloca-
tions in Ca-Pv within the frame of the Peierls-Nabarro model. 
We do not consider the second-order effects of small deviations 
from cubic symmetry. On the contrary, considering nominally 
cubic Ca-Pv shows whether results obtained on tausonite can be 
extrapolated to Ca-Pv at high pressure and highlights the influ-
ence of bonding within isostructural perovskites.

the Peierls-nabarro moDel

The original Peierls-Nabarro (PN) model (Peierls 1940; 
Nabarro 1947) represents a useful and efficient approach to 
calculating the core properties of dislocations based on the 
assumption of a planar core (Schoeck 2005). This assumption 
is important and is worth discussion. The planar core is the 
configuration that is the most able to glide. Hence, the Peierls 
model highlights the dislocations that are the most likely to be 
mobile. Indeed, the PN model does not look for the general core 
structure with the minimum energy. Some more stable, less mo-
bile, configurations may exist as recently suggested in forsterite 
and MgSiO3 post-perovskite (Carrez et al. 2007a; Durinck et al. 
2007). Moreover, the PN model is often erroneously assimilated 
to a “0 K” model, only relevant at very low temperature. The 
reason for this misunderstanding is twofold. First, we will see 
below that the PN model is based on the calculation of general-
ized stacking faults (GSF) using ab initio calculations. Since * E-mail: patrick.cordier@univ-lille1.fr


