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ABSTRACT
The pressure stability of kyanite was experimentally reversed with the use of a multianvil apparatus. Kyanite was found to decompose into its oxides stishovite and corundum
between 14 6 0.5 GPa (at 1000 8C) and 17.5 6 1.0 GPa (at 2000 8C).
Reliable thermodynamic calculations can be performed to temperatures of approximately
1500 8C. Up to this temperature, the location of the equilibrium kyanite 5 corundum 1
stishovite, determined in this study, constrains the equilibrium coesite 5 stishovite. A set
of thermodynamic data was calculated by linear programming from the kyanite breakdown
reaction and the coesite 5 stishovite equilibrium. Feasible values for the fitted thermodynamic properties are 228.5 to 226.3 MPa/K for the temperature derivative of the bulk
modulus [(dK/dT)P] of kyanite, 2815254 to 2813635 J/mol for G0(1298) of stishovite, and
24.6 to 26.3 J/mol · K forS0(1298) of stishovite.
The experimental results indicate (1) that in peraluminous eclogites of basaltic or sedimentary origin, stishovite may coexist stably with corundum at a depth greater than 420–
450 km and (2) that in an inhomogeneous Al-enriched mantle, corundum could be a minor
constituent in the lower mantle.

INTRODUCTION
Kyanite, the high-pressure Al2SiO5 polymorph, is common in peraluminous eclogites of sedimentary and magmatic origin. The abundance of kyanite in eclogites remains approximately constant with increasing pressure
until eclogite begins to transform to garnetite. At approximately 7 GPa, garnet becomes majoritic, and, consequently, its modal abundance increases while the amount of clinopyroxene decreases until clinopyroxene disappears
around 15 GPa, leaving a stishovite-bearing garnetite (Irifune et al. 1986). Thus, although garnet becomes less aluminous with pressure, the drastic increase in modal abundance allows all Al2O3 present in a mid-ocean ridge
basaltic eclogite to be incorporated in garnet (Irifune et al.
1986). However, for peraluminous compositions it remains
yet unresolved if garnet could incorporate all Al or if a
separate Al-rich phase coexists with garnet 1 stishovite.
In an average mantle composition, with increasing
pressure Al is hosted by plagioclase, spinel, garnet, and
an ilmenite-structure compound. When the garnet structure or ilmenite structure or both become unstable near
the 670 km discontinuity, magnesiowüstite 1 perovskite
forms. In a pyrolite mantle perovskite is capable of incorporating all Al2O3 present (Irifune 1994); however, in
an Al-enriched inhomogeneous mantle a separate alumina
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phase, possibly kyanite or corundum, may coexist (see
Ringwood 1991).
The aim of this experimental study is to clarify the
high-pressure stability of kyanite and to determine whether kyanite decomposes with pressure into its oxides or
forms a new Al2SiO5 polymorph. This work is the second
part of a joint study on the high-pressure behavior of
kyanite; the first part (Comodi et al. 1997) examines the
structural evolution of kyanite with pressure.
Previous experimental investigations have come to the
following results: Kennedy (1961) found that kyanite
transforms to a new Al2SiO5 polymorph, called ‘‘kyanite
II,’’ at 1–3 GPa. This result could never be reproduced
and was questioned by Liu (1974) who performed a diamond-anvil experiment on a kyanite starting material. At
a temperature between 1000 and 1400 8C, kyanite was
found to decompose to stishovite 1 corundum around 16
GPa. Liu (1974) estimated the slope of reaction from the
thermodynamic tables of Robie and Waldbaum (1968)
and concluded that the equilibrium
1 kyanite 5 1 stishovite 1 1 corundum

(1)

is located at P (GPa) 5 (13.5–17.1) 1 0.0011 T (K). At
much larger pressures, i.e., at 40–70 GPa, Ahmed-Zaı̈d
and Madon (1991) reacted various starting materials at
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