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ABSTRACT

Phase egg, first described by Eggleton et al. (1978), was synthesized and its composition
determined to be AlSiO3OH. The crystal structure of AlSiO3OH, including the position of
the hydrogen, has been solved and refined from high-resolution X-ray powder diffraction.
The resulting lattice constants are a 5 7.14409(2) Å, b 5 4.33462(1) Å, c 5 6.95253(2)
Å, and b 5 98.396(1)8. The space group is P21/n; Z 5 4, V0 5 212.99(1) Å3, and the zero
pressure density is 3.74 g/cm3. This phase, which has features in common with the sti-
shovite structure, occurs above 11 GPa and 700 8C. AlSiO3OH forms from topaz-OH with
increasing pressure and persists to more than 17.7 GPa and 1300 8C. From a Schreinemaker
analysis, we predicted that phase egg decomposes with pressure to an unknown, possibly
hydrous aluminosilicate. Potentially, phase egg could replace topaz-OH or kyanite in sub-
ducted crustal bulk compositions and may transport some water into the deep Earth.

INTRODUCTION

The structure and stability of hydrous high-pressure
phases have received considerable attention recently be-
cause of their importance in many geodynamical pro-
cesses. Attention has been focused on the MgO-SiO2-H2O
system, which is directly applicable to the Earth’s mantle,
and also the Al2O3-SiO2-H2O system. In the later system,
kaolinite and pyrophyllite constitute stable phases at
crustal conditions. Toward higher pressures, initially
phase Pi 5 Al3Si2O7(OH)3 (Coes 1962; Wunder et al.
1993a) and then topaz-OH 5 Al2SiO4(OH)2 (Wunder et
al. 1993b) form in water-saturated systems. At higher
pressures, Eggleton et al. (1978) was the first to synthe-
size a hydrous phase with Al:Si 5 1:1. This study inves-
tigates the structure and composition of this high-pressure
phase, which has been termed ‘‘phase egg’’ (Schmidt
1995). Additional experiments, combined with results ob-
tained from the literature, allow the delineation of the
stability relations of topaz-OH and phase egg.

SYNTHESIS

Starting materials were prepared from cristobalite,
Al2O3, and Al(OH)3. Because the water content of phase
egg could not be directly measured, much effort was put
to constrain the water content as closely as possible dur-
ing syntheses. The use of Al(OH)3 permits the addition
of precise quantities of H2O to the starting material. SiO2

and Al2O3 were fired at 1200 8C, and Al(OH)3 was dried
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at 110 8C prior to mixing. The exact water content of
Al(OH)3 was determined by firing to 900 8C and mea-
suring the weight loss. Dehydration was complete at 450
8C, the weight loss of Al(OH)3 between 110 and 450 8C
being almost exactly equivalent to its stoichiometric wa-
ter content of 34.6 wt%. For synthesis, two starting ma-
terials were prepared with Al:Si ratios of 1:1 and water
contents of 7.8 and 7.2 wt%. The prepared starting ma-
terials were stored in a desiccator and dried again at 100
8C just before loading the capsules, which were imme-
diately welded. During the welding, the lower end of the
capsule was cooled with water to ensure that temperatures
within the capsule did not exceed 100 8C. Only capsules
that could be welded during the first attempt were used.

Experiments were conducted in a split sphere multian-
vil (MA-8) device employing prefabricated MgO-octa-
hedra with an edge length of 14 mm on WC-cubes of 32
mm edge length with a truncation edge length of 8 mm.
Gaskets were made from natural pyrophyllite. A stepped
LaCrO3-furnace inside a ZrO2-sleeve was used as heater.
Capsules were separated from the furnace by a MgO-
sleeve (Rubie et al. 1993; Schmidt 1995). Temperature
was read by a Pt-Pt10Rh90 S-type thermocouple, which
was not corrected for the effect of pressure on the ther-
mocouple emf. Capsules were made of 1.6 mm O.D. plat-
inum tubing and had initial lengths of 2.7 mm, equivalent
to the length of the central thickened part of the heater.
Temperature gradients over the capsule length were less
than 60 8C and thermocouple readings represent essen-
tially the coldest temperature within the capsule. Pressure


