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INTRODUCTION

Water transport into the deep mantle is one of the main is-
sues associated with planetary evolution, since water plays a
critical role in mantle dynamics. Phase Egg, AlSiO3OH, is a
candidate for water reservoir in subducted sediments of cold
slabs descending into the transition zone. In the Al2O3-SiO2-
H2O system, it is co-linear with stishovite and diaspore. Phase
Egg was initially described by Eggleton et al. (1978), who was
the first to synthesize a hydrous phase with a ratio Al:Si = 1:1.
Later, Schmidt et al. (1998) studied the phase relations of phase
Egg and determined its crystal structure. They reported a mono-
clinic structure with spacegroup P21/n with a volume V0 =
212.99(1) Å3 and zero-pressure density of 3.74 g/cm3.

More recently, Ohtani et al. (unpublished manuscript) per-
formed in situ high-pressure high-temperature X-ray diffrac-
tion experiments to study the stability and decomposition
reaction of AlSiO3OH. Its stability limit has now been clari-
fied. They showed that (1) phase Egg decomposes into d-
AlOOH and stishovite at 1000 ∞C and above 22 GPa and (2) it
transforms into corundum + stishovite + fluid at 25 GPa and
above 1200 ∞C. In this paper, we present the equation of state of
phase Egg up to 40 GPa and discuss the importance of hydrogen
in the compression mechanism of high-pressure hydrous phases.

EXPERIMENTAL PROCEDURE

A polycrystalline sample of phase Egg was synthesized in a Kawai (MA8)
multi-anvil apparatus driven by a cubic guide block and the 1000 ton press

system at Tohoku University. The truncated edge length of the WC anvil was
3.5 mm. Phase Egg was obtained by heating a mixture of gibbsite Al(OH)3 and
quartz SiO2 at 20 GPa and 1000 ∞C for one hour. A platinum capsule was used
as the sample container during the synthesis. The experimental product was
confirmed to be a single phase and no other phases were detected by X-ray
powder diffraction and Raman spectroscopy.

The synthesized sample was ground into a powder with grain size less than
10 mm between two diamonds. It was then loaded into a 150 mm hole, drilled in
a rhenium gasket, previously indented to a thickness of 50 mm. The gasket was
carefully glued to the diamond; a 400 mm culet size was used for this experi-
ment. The diamond-anvil cell (Piermarini and Block 1975) was loaded with
helium gas to ensure highly hydrostatic conditions (Takemura 2001). Data were
collected with increasing pressure up to 40 GPa at the BL13-A beamline (Yagi
et al. 2001) at the Photon Factory, using a 2-D image-plate detector. A mono-
chromator was used to constrain the wavelength to 0.4258 Å. The beamsize was
collimated to a diameter of about 30 mm. Pressure was measured by the ruby
fluorescence technique (using approximately 5 mm ruby spheres), before and
after each measurement, with an accuracy of ±0.02 GPa (Zha et al. 2000). The
observed diffraction patterns were integrated as a function of 2q using Rigaku
R-axis software to produce one-dimensional profiles. The volume of the sample
was calculated by refining the unit cell using the positions of the strongest dif-
fraction peaks (011), (211), (311

–
), (212), (113

–
), (321

–
), (222), and (123

–
) with the

UnitCell program (Holland and Redfern 1985).

RESULTS AND DISCUSSION

The isothermal bulk modulus of phase Egg was determined
by fitting a third-order Birch-Murnaghan equation of state to
the compression data in Table 1. It produced a value of K0T =
157 ± 4 GPa with the pressure derivative K'0T = 6.5 ± 0.4, as
illustrated in Figure 1. This value is comparable to other hy-
drous phases existing in the transition zone, such as hydrous
ringwoodite, hydrous wadsleyite, and superhydrous phase B,
as shown in Table 2. When K'0T is fixed at 4, we obtain K0T =
183 ± 2 GPa. This value also falls in the same range of those* E-mail: ohtani@mail.cc.tohoku.ac.jp,cvv31@hotmail.com
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ABSTRACT

We have determined the equation of state of phase Egg, AlSiO3OH, at room temperature up to 40
GPa, using X-ray powder diffraction with synchrotron radiation. We determined the isothermal bulk
modulus K0T = 157 ± 4 GPa with a pressure derivative K'0T = 6.5 (4) by fitting a third order Birch-
Murnaghan equation of state. When K'0T is fixed at 4, we obtain K0T = 183 ± 2 GPa. This value can be
compared to other hydrous phases existing in the transition zone as well as to non-hydrous phases,
such as kyanite, Al2SiO5. We find that despite the presence of hydrogen, the bulk modulus of phase
Egg remains high, unlike other low-pressure hydrous minerals. In addition, we found that phase Egg
is more compressible along the b axis, where the O-H bonds are oriented. Our results are in good
agreement with previous theoretical calculations, performed on the similar hydrous phase d-AlOOH,
that show that the O-H bond strengthens with pressure, suggesting that the presence of water stored in
these phases does not soften the material at pressures corresponding to lower mantle conditions.


