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Structure and elasticity of MgO at high pressure
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ABSTRACT

The structural and elastic properties of MgO periclase were studied up to 150 OPa with
the first-principles pseudopotential method within the local density approximation. The
calculated lattice constant of the B 1 phase over the pressure range studied is within 1%
of experimental values. The observed B 1 phase of MgO was found to be stable up to 450
OPa, precluding the B I-B2 phase transition within the lower mantle. The calculated tran-
sition pressure is less than one-half of the previous pseudopotential prediction but is very
close to the linearized augmented plane-wave result. All three independent elastic con-
stants, Cll, C12,and C44'for the Bl phase are calculated from direct computation of stresses
generated by small strains. The calculated zero-pressure values of the elastic moduli and
wave velocities and their initial pressure dependence are in excellent agreement with ex-
periments. MgO was found to be highly anisotropic in its elastic properties, with the
magnitude of the anisotropy first decreasing between 0 and 15 OPa and then increasing
from 15 to 150 OPa. Longitudinal and shear-wave velocities were found to vary by 23
and 59%, respectively, with propagation direction at 150 OPa. The character of the an-
isotropy changes qualitatively with pressure. At zero pressure longitudinal and shear-wave
propagations are fastest along [111] and [100], respectively, whereas above 15 OPa, the
corresponding fast directions are [100] and [110]. The Cauchy condition was found to be
strongly violated in MgO, reflecting the importance of noncentral many-body forces.

INTRODUCTION

The elasticity of minerals at high pressure is of sub-
stantial physical and geological interest for several rea-
sons. First, our most precise and informative observations
of the bulk of the Earth are from its elastic properties.
Comparisons between seismological observations and the
elastic properties of candidate mantle minerals and as-
semblages are the only way to extract information re-
garding the composition and mineralogy of the mantle
from the rich seismological database. Second, the ge-
ometry of mantle flow can be illuminated by comparing
seismological observations of mantle anisotropy with the
measured or predicted anisotropy of hypothesized mantle
phases. Finally, the elasticity of minerals yields substan-
tial insight into the nature of bonding. For example, de-
viations from the Cauchy relations are a direct measure
of the importance of noncentral forces in crystals. As the
end-member of a hypothesized major lower mantle phase,
(Mg,Fe)O magnesiowustite, the elasticity of periclase is
particularly relevant in this context. The exceptionally
wide stability field of this mineral (>200 OPa) makes
studies of its elasticity an ideal testing ground for our
understanding of the effect of pressure on elasticity.
Moreover, our predictions of the elasticity of periclase
over a wide range of pressure provide a test of the pre-
dictive ability of first-principles theoretical methods.
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Both diamond-cell (Duffy et al. 1995) and shock-wave
(Vassiliou and Ahrens 1981) measurements have found
the observed B 1 structure of MgO to be stable up to at
least 227 and 200 OPa, respectively, indicating the ab-
sence of the usual Bl(NaCl)-B2(CsCl) structural phase
transition of alkaline-earth oxides in MgO. These data are
consistent with the results of theoretical calculations
based on first-principles pseudopotential (Chang and Co-
hen 1984), linearized augmented plane-wave (Mehl and
Cohen 1988), ab initio potential-induced-breathing (PIB)
(Isaak et al. 1990), and modified PIB models (Zhang and
Bukowinski 1991), which have predicted 1050, 510, 486,
and 580 OPa, respectively, for the B I-B2 phase transition
in MgO, well above the pressure of the core-mantle
boundary. In contrast to the equation of state, the study
of the high-pressure elastic behavior of MgO is limited
both experimentally and theoretically. Although the tem-
perature dependence of elastic properties has been studied
over a wide range of temperatures at ambient pressure by
resonance methods (Isaak et al. 1989), experimental stud-
ies of the effect of pressure are confined to pressures <3
OPa (Bogardus 1965; Anderson and Andreatch 1966;
Chang and Barsch 1969; Spetzler 1970; Jackson and
Niesler 1982). There have been no first-principles predic-
tions of the elastic moduli of this mineral, although Isaak
et al. (1990) performed a detailed study of it elasticity on
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