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INTRODUCTION

The availability of very bright, third-generation synchro-
tron sources provides an ideal tool to measure unit-cell vol-
umes from micrometer-sized samples at high pressures. The
major remaining experimental challenges to determining reli-
able equations of state (EoS) up to extremely high pressures
are the achievement and measurement of hydrostatic pressure.
Quasi-hydrostatic pressures up to more than 100 GPa can be
produced in the diamond anvil cell (DAC) using very soft pres-
sure media such as He or Ne (Jephcoat et al. 1986). Another
solution entails using harder pressure media (e.g., NaCl) and
then relaxing the stresses at very high temperatures by anneal-
ing with an IR laser (Andrault and Fiquet 2001). Using the
laser heating technique, energy barriers between high-pressure
polymorphs can also be overcome more easily. Very high pres-
sures are also easier to generate with hard media rather than
He or Ne, which often induce failure of the diamond anvils. At
moderate pressures, below the crystallization pressure (at about
12 GPa) of the water-alcohol-methanol mixture commonly used
in DAC experiments, generating perfectly hydrostatic pressures
is much easier.

Measuring pressure in the diamond-anvil cell requires the
use of a secondary pressure standard. The most commonly used
pressure standard is the fluorescence line of ruby, which has
been calibrated against the equations of state (EoS values) of
various metals, in turn derived from shock-wave experiments
(Mao et al. 1978, 1986). The precision of the metallic EoS val-
ues is questionable, because they are derived from experiments
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ABSTRACT

We performed new diffraction experiments to clarify the equation of state (EoS) of stishovite
after we suspected systematic errors in previous experimental reports. Using diamond anvil cells,
we repeated both single-crystal X-ray diffraction measurements under hydrostatic conditions and
powder diffraction measurements using the laser-annealing technique and NaCl pressure medium.
The major improvement is the increase in precision of the pressure determination using the quartz
and NaCl equations of state. Using both sets of data, the stishovite bulk moduli were refined to K0 =
309.9(1.1) GPa and K'0 = 4.59(0.23). We also reinvestigated the mechanism of the phase transforma-
tion to the CaCl2-structured polymorph of SiO2 at about 60 GPa. We confirm no volume discontinu-
ity at the transition pressure, but the CaCl2 form appears slightly more compressible than the
rutile-structured form of SiO2. This change in compression behavior is used for quantitative analy-
ses of the spontaneous strains of the pressure-induced phase transition.

performed at the simultaneous high pressures and temperatures
generated along Hugoniot curves. Therefore, recent experiments
have been devoted to the aim of determining an absolute pres-
sure calibration based on simultaneous measurements of sound
speeds and X-ray diffraction on standard materials. At the cur-
rent time there are no such experimental data of sufficient pre-
cision available to significantly improve the accuracy of the
common secondary pressure scales, although such results are
imminent. An intermediate approach was pursued by Angel et
al. (1997). They determined the EoS of quartz by single-crys-
tal X-ray diffraction, using a pressure scale derived from the
ruby calibration. The agreement of the bulk modulus determined
from these measurements with that obtained from bench-top
ultrasonic determinations of the elastic tensor of quartz
(McSkimmin et al. 1965) indicates that the ruby pressure scale
is accurate to within 0.3% to 10 GPa. Another problem arising
from the use of metals as pressure standards is the poor preci-
sion obtained for the pressure measurement as a result of their
relatively high bulk moduli. The use of a softer pressure stan-
dard increases the precision, because a given accuracy in the
volume measurement corresponds to a smaller pressure error.

In a previous study, we reported the stishovite EoS up to
120 GPa, and a phase transition to the CaCl2 distortion pres-
sure at about 60 GPa (Andrault et al. 1998). Those data indi-
cated that the phase transformation does not significantly affect
the compression curve. The EoS was constrained by two types
of diffraction experiments, performed at moderate pressures
on a single crystal (Ross et al. 1990), and up to the highest
pressures on powders. Both types of experiments could be im-
proved. The experiments at higher pressures were performed
without any pressure medium, using Pt as a pressure marker.


