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ABSTRACT
Recent experimental studies revealed that the thermal pressure in a diamond-anvil cell
with laser heating can be large. Accounting for this pressure is therefore important for
treatment of experimental results. In earlier studies, we developed an MgO model that was
demonstrated to perform very well for calculations of thermoelastic properties. Here, we
study the effect of thermal stress on the behavior of MgO under high pressure and temperature conditions using molecular dynamics and the earlier developed interatomic potential. The simulations show that thermal stress can produce such effects as dynamic
recrystallization, which may be interpreted as onset of convective-like motion and which
may cause a change in the slope of laser power-temperature curve. Because these two
criteria are used for the identification of melting, it is possible that what was interpreted
as melting in previous experiments with MgO was in reality recrystallization.

INTRODUCTION
The use of the diamond-anvil cell (DAC) experimental
technique with laser heating has generated a significant
advance in our knowledge of material properties under
extreme pressure (P) and temperature (T) conditions (e.g.,
Boehler and Chopelas 1991; Jephcoat and Besedin 1996).
Simultaneously, advances in computational methods allow us to assess material properties with increasing reliability. Obviously, neither experimental techniques nor
computational methods are perfect. It is of crucial importance to examine carefully the reasons for any discrepancy between experiment and theory each time it appears. It helps us to advance both theoretical and
experimental methods, and it is especially important
when experimental results are either controversial as in
the case of MgSiO3 perovskite melting (e.g., Knittle and
Jeanloz 1989; Zerr and Boehler 1993) or are not yet confirmed by alternative experiments, as in the case of MgO
melting (Zerr and Boehler 1994).
In this paper, we examine the possible reasons for the
discrepancy between existing theoretical predictions (Belonoshko and Dubrovinsky 1996b, 1996c; Cohen and
Gong 1994; Cohen and Kluge 1995; Cohen and Weitz
1996; Jackson 1977; Ohtani 1983; Vocadlo and Price
1996) and experimental measurements (Zerr and Boehler
1994) of the melting curve of periclase. As one can see
from Figure 1, all the available theoretical predictions
provide significantly higher melting temperatures at high
pressure than those measured experimentally. Among the
eight predictions shown in Figure 1, the melting curve by
Cohen and Gong (1994) shows significantly higher temperatures than the other seven. The explanation of these
erroneously high melting temperatures was provided by
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Belonoshko and Dubrovinsky (1996b). Barring the melting curve of Cohen and Gong (1994), the remaining seven predictions are internally consistent, and the ability of
MD simulation to predict correctly the room pressure
melting temperature of periclase was also demonstrated
by Ferneyhough et al. (1994). Vocadlo and Price (1996)
used three interatomic potentials in their simulations and
obtained close results. Their melting curves are somewhat
higher than that calculated by Belonoshko and Dubrovinsky (1996b, 1996c) at high pressures. This can be explained by the different potentials used, unavoidable
overheating in their simulation or both. Cohen and Kluge
(1995) calculated the melting curve of periclase, which
is somewhat lower than the curve by Cohen and Gong
(1994) and is more consistent with the Belonoshko and
Dubrovinsky (1996b, 1996c) predictions. Recently, Cohen and Weitz (1996) provided a melting curve that is
also generally consistent with the other molecular dynamics predictions.
Therefore, there is a consistent set of theoretical predictions of periclase melting (in fact, the degree of consistency has no precedent in the literature) and an experimental determination, which provides significantly lower
melting temperatures at high pressures in relation to the
predictions. The difference between experiment and theory amounts to more than 1000 K at 30 GPa. Notwithstanding the fact that temperature measurements in the
DAC are subject to some errors owing to the neglect of
the dependence of emissivity on temperature and pressure, which can amount up to 300 K at temperature of
4000 K (Shen 1994; Zerr and Boehler 1994), the difference of more than 1000 K cannot be explained solely by
that. Of course, one can argue that all the theoretical pre-
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