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Effects of temperature and composition on the bulk modulus of (Mg,Fe)O
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ABSTRACT

Isothermal static compression data for MgO at 300 and 1100 K were obtained by com-
bining synchrotron X-ray diffraction techniques with an externally heated high-temperature
diamond-anvil cell that is capable of achieving pressures greater than 125 GPa at temper-
atures up to 1100 K. The experiments at 300 K were conducted under both hydrostatic
and nonhydrostatic conditions. The deviatoric stress in non-hydrostatic environment sig-
nificantly effects the measured lattice parameters. Fits to the static compression data of
MgO at 300 K yield a bulk modulus of 185(7) GPa and 160(2) GPa under nonhydrostatic
and hydrostatic conditions, respectively. The deviatoric stress decreases with increasing
temperature, and a nearly hydrostatic condition was achieved at temperatures above 900
K when NaCl was used as a pressure-medium. The bulk modulus of MgO was determined
to be 135(3) GPa at a temperature of 1100 K, yielding its temperature derivative of
20.030(3) GPa/K. Comparing these results with previous studies in the system MgO-FeO,
shows that the bulk modulus of (Mg,Fe)O decreases with increasing FeO content, from
160 GPa for MgO to 146 GPa for FeO.

INTRODUCTION

Experimental measurements of P-V-T properties of
mantle-related phases are crucial for developing accurate
mineralogical and compositional models of the Earth’s
interior. Magnesiowüstite (Mg,Fe)O is one of the phases
that may constitute the Earth’s lower mantle. The com-
position of the lower mantle magnesiowüstite depends on
compositional models of the Earth’s mantle. Therefore, it
is important to provide sufficient experimental measure-
ments that can be used to formulate a function that de-
scribes the P-V-T properties of magnesiowüstite over its
entire composition range. To evaluate the effect of FeO
content on the P-V-T properties of magnesiowüstite, the
P-V-T equation of state of MgO, an end-member of mag-
nesiowüstite, must first be determined accurately.

MgO with the NaCl-type cubic structure has been ex-
tensively studied at high pressure because of its simplicity
in structure and its geophysical importance. Sophisticated
theoretical methods have been developed to calculate its
thermal and elastic properties at high pressure and tem-
perature (e.g., Isaak et al. 1990; Inbar and Cohen 1995;
and references therein). Several static, ultrasonic, and
shock compression experiments were conducted to deter-
mine the elastic properties of MgO at room temperature
(Perez-Albuerne and Drickamer 1965; Chang and Barsch
1969; Carter et al. 1971; Weaver et al. 1971; Mao and
Bell 1979; Vassiliou and Ahrens 1981; Bonczar and Gra-
ham 1982; Utsumi et al. 1998; Jackson and Niesler 1982;
Duffy and Ahrens 1993). Recently, this material was
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compressed to multimegabar pressures in a diamond-an-
vil cell (Duffy et al. 1995). The bulk modulus of MgO
derived from static compression data under nonhydros-
tatic stress was 10% larger than the ultrasonic value. To
resolve this discrepancy, static compression experiments
were made on MgO under nonhydrostatic and hydrostatic
conditions at room temperature. Isothermal compression
data of MgO is also reported at 1100 K. Finally, previous
data on FeO and (Mg,Fe)O solid solutions were utilized
with the present results to obtain the isothermal bulk
modulus and its temperature derivative as a function of
FeO content.

EXPERIMENTAL PROCEDURES

The experimental methods used here are similar to
those described by Fei et al. (1992) and Fei (1996). An
externally heated high-temperature diamond-anvil cell
was used to generate simultaneous high pressure and tem-
perature. In situ measurements of the specific volume of
MgO at high pressure and temperature were made by us-
ing energy-dispersive X-ray diffraction techniques at
x17c beamline, the National Synchrotron Light Source,
Brookhaven National Laboratory.

High temperature was achieved by a large sleeve-
shaped platinum-wire heater fitted around the protruding
portion of the piston-cylinder and a small molybdenum-
wire heater positioned around the diamond anvils (Fig.
1). This double-heater high-temperature diamond-anvil
cell is capable of achieving pressures greater than 125
GPa at temperatures up to 1100 K in a mildly reducing
atmosphere (Ar with 1% H2) (Fei and Mao 1994). Ex-


