
American Mineralogist, Volume 85, pages 270–278, 2000

0003-004X/00/0002–0270$05.00      270

INTRODUCTION

The topic “thermal expansivity” brought Orson Anderson and
myself together during my early years in Mainz and lead to our
collaborative work then and many fruitful exchanges in the en-
suing years. It is my pleasure to be able to contribute this com-
prehensive article covering thermal expansivity of all mantle
relevant magnesium silicates to a volume honoring Orson.

Thermal expansivity α of mantle minerals is of fundamen-
tal importance to physical and compositional models of the
Earth in several ways. First, its knowledge allows for a more
precise assessment of in situ mineral densities for comparison
to seismic models. Accurate values at ambient conditions are
important because these are used as a basis for extrapolation to
mantle conditions. Secondly, dynamical models of the Earth
are affected dramatically by the value of thermal expansivity
especially at the bottom of the mantle. For example, a large
decrease in α with depth narrows the calculated diameter of
plumes or upwellings, more in line with the observations. Third,
α is required to convert lateral velocity anomalies to lateral
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ABSTRACT

Thermal expansivities for the MgSiO3 phases of orthoenstatite, high clinoenstatite, ilmenite, and
majorite; and for stishovite were estimated using the thermodynamic Maxwell relation (∂S/∂P)T =
-(∂V/∂T)P where the entropies at high pressures were derived using a statistical method and spectro-
scopic data.  The spectroscopically determined thermal expansivities for all minerals are in excellent
agreement with previously determined volumetric data, where available. A value of 3.25(10) × 10–5 K–1

for orthoenstatite at room temperature was obtained; this value is situated in the middle of the large
spread of reported values and is in excellent agreement with the two latest volumetric determinations.
For high clinoenstatite, α at room T is estimated as 2.56(9) × 10–5 K–1. This method provides good high
temperature estimates of α for the high-pressure polymorphs, where data are scanty or unavailable.
Included in this report are previous data for the Mg2SiO4 phases and MgO for completeness. The
following equations may be used to extrapolate a to higher temperatures at 1 atm in 10–5 K–1: α(majorite)
= 2.95 + 0.000521x; α(γ-Mg2SiO4) = 2.70 + 0.000648x; α(ilmenite) = 2.64+ 0.000537x; α(perovskite)
= 2.51 + 0.000805x; and α(stishovite) = 2.19 + 0.000485x, where x is (T/K-750).

thermal anomalies. And last, α is required for calculating the
adiabatic gradient of the Earth.

The value for α of the Earth relevant magnesium silicates is
extremely small and its accurate measurement by volumetric
methods tests the resolution limits of most equipment. The most
common method for determining thermal expansivity is the
X- ray determination of the lattice parameters vs. temperature.
Powder diffractometry of the minerals of interest tends to be
further complicated by the low symmetry of these materials.
Reports of α even for common and abundant surface minerals
such as MgSiO3 enstatite may vary by over a factor of two as
shown in the present work. Measurement of the even less com-
pressible metastable deeper Earth phases at high temperatures
and ambient conditions is even more of a challenge. Only scanty
and incomplete data exist for the MgSiO3 phases of majorite,
high clinopyroxene, and ilmenite; and for stishovite.

I previously showed (Chopelas 1996) that thermal
expansivity may be well constrained by using information ob-
tained from vibrational spectroscopy at high pressure. The ad-
vantage of this method is that the measurements are performed
at room temperature and the frequencies vs. pressure are very
precisely determined. In all cases, several measurements were
taken within the stability field of the phase. The pressure de-
pendence of the vibrational frequencies did not change. The
variation of frequency with pressure provides a basis for esti-
mating entropy vs. pressure, which directly yields thermal
expansivity through the Maxwell relation

*Current Address: Department of Physics, 4505 Maryland Park-
way, Box 454002, Las Vegas, Nevada 89154-4002, U.S.A.
E-mail: chopelas@physics.unlv.edu


