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INTRODUCTION

The polymorphs of Al2SiO5, andalusite, sillimanite, and 
kyanite, are known to be important minerals in the understand-
ing of the pressure-temperature history of metamorphic events 
in Al-rich rocks, such as metapelites. Kyanite is a stable phase 
at high pressures compared to andalusite and sillimanite, and it 
is one of the major phases in sediments and continental crust 
subducted into the upper mantle (Irifune et al. 1994; Ono 1998) 
because it is a host phase for the Al2O3 component. Corundum 
inclusions were observed in diamonds from kimberlitic sources 
(e.g., Watt et al. 1994; Hutchison et al. 2001, 2004). As such, 
those host diamonds seem to have been formed at high pres-
sures corresponding to those in the mantle, and the observed 
corundum inclusions in the diamonds indicate that a separate 
alumina phase may exist in this locality. One possibility is that 
the formation of corundum took place under conditions where 
the kyanite decomposed into two oxides. Recently, Stähle et 
al. (2004) reported that shock-induced kyanite was present in 
metamorphic rock from the Ries crater. However, the pressure 
and temperature history of this impact event was not determined. 
An understanding of the stability fi eld of kyanite will contribute 
to a resolution of the above issues.

The decomposition of kyanite has been investigated in previ-
ous static high-pressure experiments using the quench method 
(Liu 1974; Irifune et al. 1995; Schmidt et al. 1997). Liu (1974) 
reported that kyanite reconstitutes into stishovite and corundum 
at P = 16 GPa and T = 1273–1673 K using a diamond-anvil cell 
apparatus. Schmidt et al. (1997) reported a transition pressure 
of 14–17 GPa at T = 1273–2273 K using a multi-anvil press. In 

contrast, Irifune et al. (1995) observed kyanite decomposition at 
12–13 GPa and at T = 1273–1773 K using the multi-anvil press 
approach. Therefore, from previous studies, a signifi cant discrep-
ancy is apparent in the decomposition pressure of kyanite.

The infl uence of the reaction kinetics is known to lead to 
misleading conclusions in phase transition studies. Therefore, it 
is important to confi rm the experimental results by observations 
of the reverse reaction. As Liu (1974) did not perform a reverse 
run, his data are likely to include a high level of uncertainty. 
However, other studies performed reverse runs. Irifune et al. 
(1995) investigated the phase boundary using both normal 
and reverse reaction experiments. Schmidt et al. (1997) used 
a mixture of kyanite, stishovite, and corundum as the starting 
materials, and observed both normal and reverse reactions in 
their study. Therefore, the above discrepancy is not a result of 
any reaction kinetics.

One possible explanation for the discrepancy is the ex-
perimental uncertainty of the pressure calibration, as the quench 
method was used in earlier work. In this technique, the sample 
pressure was estimated using calibration runs employing known 
phase transitions. However, the pressure values used in this 
method are known to be unreliable. As the effect of temperature 
on the pressure generated is complicated in multi-anvil press 
experiments, the possibility exits that previous quench stud-
ies may have signifi cant uncertainty with respect to pressure. 
Recently, a new method, which is an alternative to the quench 
method, can be used to determine experimental pressures at the 
synchrotron facility (e.g., Ono et al. 2001; Katsura et al. 2004). In 
situ pressure measurements and observations of sample reaction 
can be simultaneously performed using intense X-rays from a 
synchrotron radiation source.
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ABSTRACT

In situ observations of the decomposition of kyanite, Al2SiO5, were carried out in a multi-anvil 
high-pressure apparatus using synchrotron radiation, where the phase change from kyanite to stisho-
vite + corundum was observed at high pressures and high temperatures. The phase boundary of this 
decomposition at T = 1200–1900 K and P = 5–15 GPa was determined to be, P (GPa) = 10.2 + 0.0016 
× T (K). Previous studies using the quench method showed a discrepancy in the transition pressure of 
the decomposition. Our results using in-situ observations resolve this dispute. 
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