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First principles calculations on the high-pressure behavior of magnesite
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ABSTRACT
The equation of state and high pressure (>200 GPa) behavior of magnesite were investigated
using first principles pseudopotential calculations based upon density functional theory within the
generalized gradient approximation. Using a third-order Birch-Murnahan equation, the calculations
predict a bulk modulus KT(0) = 99.0(5) GPa with a ∂K/∂P = 4.28(1); with a fixed ∂K/∂P = 4, the KT(0)
is 111(1) GPa. The results show very good agreement with recent experimental data. The simulations
also confirm experimental studies which show that the CO3 groups are rigid incompressible units
while the Mg-O bond length undergoes significant compression. The fully relaxed calculations show
no phase transition within this pressure range, and therefore magnesite may be stable throughout the
lower mantle subject to temperature destabilization.

INTRODUCTION
Magnesite, MgCO3, is thought to be the only high pressure
carbonate phase stable in the presence of silicates throughout
the mantle (Eggler et al. 1976; Brey et al. 1983); it therefore
could be the stable host for carbon in the Earth’s mantle (Canil
and Scarfe 1990; Biellmann et al. 1993; Redfern et al. 1993).
However, despite several recent attempts to determine the high
pressure behavior of magnesite, the experimentally determined
equation of state and the high pressure crystallographic behavior of this phase differ between different groups. The isothermal bulk modulus of magnesite, K T (0), and its
first-derivative with respect to pressure, ∂K/∂P, have been determined in a number of studies; two similar results were obtained by Redfern et al. (1993) and Fiquet et al. (1994). Using
a third-order Birch-Murnahan fit to experimental powder diffraction pressure-volume data, Redfern et al. (1993) determined
a KT(0) of 142(9) GPa with ∂K/∂P fixed at 4, and a KT(0) of
151(7) GPa with a ∂K/∂P of 2.5; Fiquet et al. (1994) determined a KT(0) of 138(3) GPa with a ∂K/∂P fixed at 4, and a
KT(0) of 156(4) GPa with a ∂K/∂P of 2.5(2). However, more
recently, a third powder diffraction study (Zhang et al. 1997)
and a single crystal diffraction study (Ross 1997) both obtained
much lower values. Zhang et al. (1997) determined a KT(0) of
103(1) GPa with a ∂K/∂P fixed at 4, and a KT(0) of 108(3) GPa
with a ∂K/∂P of 2.3, while Ross (1997) determined a KT(0) of
111(1) GPa with a ∂K/∂P fixed at 4, and a KT(0) of 117(3) GPa
with a ∂K/∂P of 2.3(7). Furthermore, new powder diffraction
data from Fiquet and Reynard (1998) gives a KT of 115(1) with
∂K/∂P fixed at 4, and a KT(0) of 108(2) with a ∂K/∂P of 4.6(2).
The later values are compatible with ultrasonic measurements
for the adiabatic incompressibility of KS(0) = 112 and 113.8
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GPa (Christensen 1972; Humbert and Plicque 1972). In addition to the discrepancies in the experimental equation of state,
a phase transition was suggested to occur around 25 GPa (Fiquet
et al. 1994), although other groups have found no such transition (Gillet 1993; Williams et al. 1992; Katsura et al. 1991;
Ross 1997) and more recent data (Fiquet and Reynard 1999)
indicate that the observed phase transition may have been an
artifact of the experiment. The high pressure behavior of magnesite merits further study, namely to determine theoretically
the equation of state and phase stability of magnesite at the
conditions that exist throughout the Earth’s lower mantle. Computer simulations not only provide an alternative method by
which to address these problems, but there is also the added
advantage that they are not constrained by experimental limitations and therefore the entire pressure range required in order to study the lower mantle may be accessible.
In this paper, ab initio computer calculations have been
performed on magnesite to very high pressures (>200 GPa).
Anisotropic compression data and equation of state parameters
are obtained from a third-order Birch-Murnahan fit to the compressional data and compared with previous experimental work.

SIMULATION TECHNIQUES
The pseudopotential method was used to calculate the high
pressure behavior of magnesite. Ab initio density functional
theory has been used, with the electronic exchange-correlation energy treated via the generalized gradient approximation
(GGA), coupled with non-norm-conserving ultrasoft Vanderbilt
pseudopotentials (Vanderbilt 1990) as implemented in the
VASP code [Vienna ab initio simulation package (Kresse and
Furthmüller 1996)]. These ultrasoft pseudopotentials have significantly smoother pseudo-wavefunctions which therefore
require smaller basis sets and consequently this makes them
highly efficient. With these pseudopotentials, calculations give
results that are very close to, or indistinguishable from, the
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