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ABSTRACT

We studied MgSiO3 with the perovskite structure heated to temperatures up to 1500 K
at pressures between 36 and 110 GPa with in-situ X-ray diffraction. The new pressure-
volume-temperature (P-V-T) data were combined with literature data to provide thermal
expansivity a and compressibility b against T (in K): aT 5 2.71 3 1025 1 1.80 3 1029 T
2 1.48 T 2 (Model 1) or aT 5 2.13 3 1025 1 7.57 3 1029 T 2 1.02 T 2 (Model 2), and bT

5 3.735 3 1027 1 3.27 3 10211 T 1 6.60 3 10215 T 2. Model 1 yields physical properties
of perovskite that confirm Anderson’s (1998) Debye approach; the model is valid for
extrapolation to 3000 K or more. The parameters at 300 K are: a 5 1.1 3 1025, K0 (bulk
modulus) 5 261 GPa, K09 5 4 and (]K/]T)P 5 20.027. Thermal expansivity from this
model does not fit the data of Funamori et al. (1996) at high temperature for P 5 25 GPa.
Model 2 uses an equation for a based on the data of Funamori et al. (1996), fits the
available experimental data closely, and maintains conformity with Anderson’s Debye ap-
proach. Heat capacity, CP, data for perovskite is given by either: CP 5 110.8 1 8.031 3
1023 T 2 1.302 3 1027 T 2 2 1.647 3 107 T 2 1 2.755 3 109 T23 1 267.5 T20.5 1 9287
T21 (Model 1) or CP 5 121.33 1 2.77 3 1023 T 2 2.585 3 1026 T 2 2 1.710 3 107 T 1
2.792 3 109 T23 2 169 T20.5 1 15782 T21 (Model 2).

INTRODUCTION

Perovskite (MgSiO3) is considered to be an important
phase in Earth’s mantle. This is reflected in the number
of several recent papers on this topic (Mao et al. 1991;
Wang et al. 1994; Morishima et al. 1994; Utsumi et al.
1995; Fiquet et al. 1998; Anderson 1998; Funamori et al.
1996). Fiquet et al. (1998) reviewed the previous exper-
imental studies and concluded a definite need existed for
in-situ P-V-T data on perovskite at deep mantle pressures.
They extended the pressure range to 57 GPa by several
GPa over that of Funamori et al. (1996) and heated sam-
ples up to temperatures of 2668 K. In the present study,
pressures up to 110 GPa and temperatures close to 1500
K were reached. The goal was to obtain a complete set
of physical parameters for perovskite.

EXPERIMENTAL TECHNIQUE

The external electric heater for diamond-anvil cell that
was used in this study had two Re or Mo gaskets in which
holes were drilled large enough to allow the diamond
anvils pass to nearly one third of their height (Fig. 1).
Electric leads were attached and the current passed
through graphite foils between which the sample holding
gasket was sandwiched. A micro thermocouple (PH type
B) was attached to the sample gasket diamond interface.
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An Re gasket with a 50 mm hole was used here. This
design had the advantage that the entire sample chamber
including significant parts of the diamonds were sur-
rounded by the graphite heater and heated uniformly. For
the safety of the diamonds, Ar with 1% H2 was contin-
uously passed through the piston-cylinder assembly of the
cell. In-situ melting temperature for indium and tin using
this method could be determined with an accuracy of 7
8C at a pressure of 15 GPa (Rekhi et al. 1998).

The starting material was natural enstatite (Stakhol-
men, Hälsingland, Sweden) with less than 1% aluminum
and iron obtained from U. Hålenius, Riksmuseet, Stock-
holm. It was mixed with a small piece of platinum, com-
pressed into a thin disk, and placed in the 50 mm hole in
the rhenium gasket. The sample was studied at ESRF,
Grenoble, with in-situ X-ray diffraction. The diffraction
studies were carried out using monochromatic radiation
(l 5 0.3738 Å). X-rays were focused to a spot of 10 mm
in diameter on the sample. The data (e.g., Fig. 2) were
collected from 4 to 25 8 u using imaging plate employing
the fast-scan technique developed at ESRF. The pressure
at room temperature as well as at higher temperatures was
obtained from the equation of state of platinum (Jamieson
et al. 1982), and the temperature was measured directly
from the type B micro-thermocouple. The power was in-
creased in small increments and X-ray data was collected
at each temperature for 1 to 3 min.


