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INTRODUCTION

Carbonates are distributed widely in the earth and are consid-
ered to be the major hosts for CO2 stored in the earth (McGetchin 
and Besancon 1973; Berg 1986). Carbonate rocks were the com-
mon targets for the terrestrial impacts (Grieve and Robertson 
1979). Among the 90 major continental meteorite craters found 
on the earth, about 30% were formed in carbonate-bearing rocks 
(Kieffer and Simonds 1980). These facts have led to a proposition 
that impact-induced release of CO2 from carbonates would have 
played an important role in the formation and evolution of the 
Earth atmosphere (Kieffer and Simonds 1980; Lange and Ahrens 
1986), especially as heavy bombardments occurred in the early 
history of terrestrial planets. 

Experiments have been performed to simulate the impact ef-
fects on various carbonates in laboratory (Boslough et al. 1982; 
Lange and Ahrens 1983, 1986; Kotra et al. 1983; Martinez et al. 
1995). Although Hugoniots of carbonates do not indicate obvious 
decomposition up to about 100 GPa (Kalashnikov et al. 1973), 
Lange and Ahrens (1986) determined an empirical relationship 
between the shock-induced CO2 loss and the shock pressure, and 
estimated the greenhouse effect caused by the terrestrial impacts. 
They have measured the amount of CO2 produced from the 
shock-impacted calcite. Martinez et al. (1995) carried out shock 
recovery experiments on calcite and dolomite and calculated 
shock temperatures for direct shock compression, indicating their 
incipient decompositions at 55�65 and 35�45 GPa, respectively. 
It is generally suggested that CO2 loss takes place upon decom-
pression of the shock-loaded sample, due to the extensively high 
post-shock temperature (Kieffer and Simonds 1980; Lange and 
Ahrens 1986; Martinez et al. 1995). High-pressure stabilities of 
carbonates have been investigated in recent studies. Dolomite 
decomposes into aragonite and magnesite below ~7 GPa at 
1300 K (Shirasaka et al. 2002). Recent experimental results on 
aragonite (Ono et al. 2005) and magnesite (Isshiki et al. 2004) 
at high temperature and high pressure indicate Þ rst-order phase 

transitions about 40 and 115 GPa, respectively. 
Decomposition, melting, and phase transition of magnesite 

have been studied by several static high-pressure experiments 
(Goldsmith and Heard 1961; Irving and Wyllie 1975; Fiquet 
et al. 2002; Isshiki et al. 2004), by shock wave compression 
(Kalashnikov et al. 1973; Sekine 1988), and by the Þ rst prin-
ciples calculations (Vocadlo 1999; Skorodumova et al. 2005). 
A phase transition to an unknown form was observed at 115 
GPa and 2200 K (Isshiki et al. 2004) and two possible transi-
tions into pyroxene and perovskite structures (Skorodumova et 
al. 2005) were predicted at 113 and 200 GPa, respectively. But 
no appreciable decomposition was observed except for a shock 
reaction between magnesite and metallic iron (Sekine 1988). It 
is important to know the dynamic behavior of magnesite at high 
pressures to understand its stability. 

In this paper, we report the high-pressure behavior of magne-
site by measuring the Hugoniot and release states and investigat-
ing magnesite samples recovered from high shock pressures. In 
the Þ rst part of this paper, Hugoniot measurements of a single 
crystal magnesite are described as well as the partial release 
states results. In the second part, shock recovery experiments on 
magnesite were conducted with a tabletop laser system (He et 
al. 2001a, 2001b, 2002). These results are useful in understand-
ing impact and explosion processes in carbonates and provide a 
sound guide for estimating the amount of CO2 expelled by shock 
into the evolving atmosphere and for considering host minerals 
of carbon or carbon dioxide in the lower mantle. 

EXPERIMENTAL METHODS

A clear inclusion-free single crystal of magnesite from Brumado, Bahia, Brazil, 
was used. The density was measured to be 3.001 ± 0.003 g/cm3 by the Archimedes 
method. Similar magnesite crystals were used by Humbert and Plicque (1972), 
Gillet (1993), Fiquet and Reynard (1999), and Fiquet et al. (2002) to determine 
the equation-of-state. The crystal was sliced into ~2 mm thick plates (~10 × 12 
mm) and the both surfaces were polished. 

For Hugoniot measurements, we used a two-stage light-gas gun and the 
inclined mirror method (Sekine and Kobayashi 1997). Shock velocity (Us) and 
particle velocity (Up) (as half of the free-surface velocity) were measured from 
the streak images as well as impact velocity of a ß yer accelerated by the gun. The * E-mail: sekine.toshimori@nims.go.jp
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ABSTRACT

Hugoniot equation-of-state and release adiabat results are presented for magnesite to a pressure 
of ~140 GPa. A sharp change in the shock velocity and particle velocity relation suggests that a phase 
transition to a high-pressure phase occurs at 107±10 GPa. Decomposition of magnesite was observed 
by abrupt volume expansion during the pressure release from a pressure over the phase transition and 
by investigating post-shock magnesites recovered from hypervelocity impacts of mini-ß yers performed 
using a laser-driven acceleration. Post-shock magnesites above 95 GPa contained MgO crystallites 
and the amount of MgO increased with increasing shock pressure. 
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