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The equation of state and high-pressure behavior of magnesite
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ABSTRACT

Unit-cell parameters of magnesite have been measured to high precision between 0 and
7 GPa using single-crystal X-ray diffraction. The isothermal bulk modulus of magnesite
determined from fitting a Birch-Murnaghan third-order equation of state to the volume
compression data is KT 5 117(3) GPa with K 5 2.3(7), and KT 5 111(1) GPa if K is′ ′
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constrained to a value of 4. Crystal structure parameters have been determined from X-ray
intensity data at room pressure, 2.26, 3.09, 4.16, 4.77, and 6.05 GPa. The principal struc-
tural change with increasing pressure is compression of the MgO6 octahedra while the CO3

group remains invariant (within the experimental uncertainty) throughout the pressure
range studied. The effect of the polyhedral compression is reflected in the anisotropic
compression of the unit-cell parameters with the c axis approximately twice as compress-
ible as the a axis. The polyhedral bulk modulus of the MgO6 octahedron is 113 GPa, which
is greater than that observed in other rhombohedral carbonates, but significantly smaller
than values observed in many oxides and silicates. The distortion of the octahedra, though
already small, decreases slightly with pressure. No phase change or change in compression
behavior was observed throughout the pressure range studied.

INTRODUCTION

There has been considerable interest in the stabilities of
carbonates at high pressures and temperatures, especially
since experimental studies and the observed occurrence of
carbonates in mantle-derived samples have indicated that
carbonates could be hosts for C in the Earth’s mantle
(McGetchin and Besançon 1973; Kushiro et al. 1975; Wyl-
lie and Huang 1976; Berg 1986; Canil and Scarfe 1990;
Biellman et al. 1993). Among the carbonates, it has been
shown that magnesite is stable in peridotite compositions at
high pressures and temperatures (Brey et al. 1983; Katsura
and Ito 1990; Biellman et al. 1993). Martinez et al. (1996)
observed that dolomite breaks down to aragonite plus mag-
nesite at 7 GPa and 973 K. All of this evidence suggests
that magnesite should be considered when evaluating the
role of C in the mantle.

Redfern et al. (1993) determined the isothermal bulk
modulus (KT) of magnesite from pressure-volume data
collected between 0 and 20 GPa and calculated the sta-
bility field of magnesite combining their results with oth-
er thermodynamic data. They concluded that magnesite
is stable in the presence of MgO under pressure-temper-
ature conditions of the lower mantle. Fiquet et al. (1994)
also determined the bulk modulus of magnesite from
pressure-volume data collected between 0 and 53 GPa.
At 25 GPa, they observed anomalies in the compression
curve and new diffraction peaks, and suggested that mag-
nesite undergoes a phase transition. Gillet (1993), how-
ever, studied the stability of magnesite using Raman spec-
troscopy to 32 GPa and found that magnesite does not
undergo any phase transition under quasihydrostatic con-

ditions, in agreement with high-pressure experiments of
Williams et al. (1992) and Katsura et al. (1991). Gillet
(1993) also showed that magnesite retains its R3c struc-
ture at simultaneous high pressure (26 GPa) and high
temperature (1200 6 200 K). Recently, Zhang et al.
(1996) carried out in situ X-ray diffraction studies on
magnesite at high pressure and temperature using a
DIA-type cubic-anvil apparatus, interfaced with synchro-
tron powder diffraction. They measured the molar volume
of magnesite up to 9 GPa and 1300 K, and derived equa-
tion-of-state parameters, including the pressure and tem-
perature derivatives of KT.

The isothermal bulk moduli determined by the three high-
pressure X-ray diffraction studies show some disagreement.
Both Redfern et al. (1993) and Fiquet et al. (1994) deter-
mined the isothermal bulk modulus of magnesite using pow-
der X-ray diffraction with a synchrotron radiation source
and collecting data from a diamond-anvil cell in an ener-
gy-dispersive mode at room temperature. Using the Birch
equation of state with K constrained to be 4, Redfern et al.′

T

(1993) obtained KT 5 142(9) GPa and Fiquet et al. (1994)
obtained KT 5 138(3) GPa. When K is not constrained,′

T

Redfern et al. (1993) found that a full Birch-Murnaghan
equation of state yields KT 5 151(7) GPa and K 5 2.5.′
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Fiquet et al. (1994) found similar values with KT 5 156(4)
GPa and K 5 2.5(2). Zhang et al. (1996) derived equation-′
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of-state parameters from a third-order Birch-Murnaghan
equation of state that are much lower than the earlier studies,
KT 5 108(3) and K 5 2.3, and KT 5 103(1) GPa when′
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K 5 4. These values, however, are in good agreement with′
T

adiabatic bulk moduli (KS ) determined from acoustic mea-


