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aBstract

We present the first equation of state and structure refinements at high pressure of single-crystal 
phase egg, AlSiO3OH. Phase egg is a member of the Al2O3-SiO2-H2O system, which contains phases 
that may be stable along a typical mantle geotherm (Fukuyama et al. 2017) and are good candidates for 
water transport into Earth’s deep mantle. Single-crystal synchrotron X-ray diffraction was performed 
up to 23 GPa. We observe the b axis to be the most compressible direction and the b angle to decrease 
up to 16 GPa and then to remain constant at a value of ~97.8° up to the maximum experimental pres-
sure reached. Structure refinements performed at low pressures reveal a distorted octahedron around 
the silicon atom due to one of the six Si-O bond lengths being significantly larger than the other five. 
The length of this specific Si-O4 bond rapidly decreases with increasing pressure leading to a more 
regular octahedron at pressures above 16 GPa. We identified the shortening of the Si-O4 bond and the 
contraction of the vacant space between octahedral units where the hydrogen atoms are assumed to 
lie as the major components of the compression mechanism of AlSiO3OH phase egg.
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introduction

Hydrous aluminosilicate phases show a larger temperature 
stability field than the respective Mg end-members and are 
expected to be stable along a typical geotherm (Fukuyama et 
al. 2017). Therefore, they are assumed to play an important role 
in the Earth’s deep water cycle (Gatta et al. 2014; Pamato et al. 
2015; Fukuyama et al. 2017). AlSiO3OH phase egg is stable 
within the transition zone (Sano et al. 2004; Fukuyama et al. 
2017) and probably also in the upper lower mantle up to pres-
sures of 26 GPa at 1460–1600 °C (Pamato et al. 2015). Nano-
crystalline diamond inclusions with a 1:1 Al to Si composition 
were found, providing a direct indication for its existence within 
Earth’s mantle (Wirth et al. 2007). AlSiO3OH phase egg was first 
synthesized by Eggleton et al. (1978), and its structure was first 
solved by Schmidt et al. (1998). Phase egg has a monoclinic 
structure with P21/n space group (Fig. 1) and the ideal formula 
AlSiO3OH contains 7.5 wt% H2O. The crystal structure is made 
up of columns of edge-shared octahedra corner linked to the other 
columns with hydrogen occupying the vacant space between 
columns (Schmidt et al. 1998) bonded to the O4 oxygen atoms. 
Vanpeteghem et al. (2003) performed an X-ray powder diffrac-
tion study on phase egg to a maximum pressure of 40 GPa at room 
temperature and described its compressibility using a third-order 
Birch-Murnaghan equation of state with a room-pressure bulk 
modulus K0 = 157(4) GPa and its pressure-derivative K0́ = 6.5(4). 
This previous study has highlighted the anisotropic compression 
response of phase egg with the shortest unit-cell axis being the 

most compressible. Vanpeteghem et al. (2003) suggested that 
this behavior may be caused by a larger compression of some 
of the O-O distances, but they have not performed structural 
refinements at high pressure to support this hypothesis.

Here, we present the first single-crystal X-ray diffraction 
data on phase egg collected to a maximum pressure of 23 GPa 
at ambient temperature using neon as a pressure-transmitting 
medium. Our single-crystal data allows for the characterization 
of the structural evolution of phase egg with pressure and the 
clear identification of the compression mechanisms.

Methods

Sample synthesis and characterization
Phase egg single-crystals were synthesized at 26 GPa and 1600 °C in a 1000 t 

Kawai type multi-anvil apparatus at the Bayerisches Geoinstitut (BGI) (run number: 
S5050) using a mixture of Al2O3:Al(OH)3:SiO2 in a wt% ratio of 13.59:39.27:47.15 
as starting composition. The run product resulted in a mixture of phase egg, Al-phase 
D, and Stishovite. Further details on the synthesis and characterization are given 
in Pamato et al. (2015). The chemical composition of phase egg as determined by 
microprobe analysis by Pamato et al. (2015) is Al0.98(1)Si0.92(1)O3OH1.39(5).

A single-crystal with dimensions 28 × 77 × 42 mm3 that showed sharp 
diffraction profiles, with a full-width at half maximum in omega scans below 
0.06°, was selected from the run product and measured at ambient conditions 
on a four-circle Huber diffractometer equipped with MoKa radiation and a point 
detector at BGI. A total of 25 reflections between 15 and 40 in °2q were centered 
using the eight-position centering method according to the procedure of King 
and Finger (1979) implemented in the SINGLE operating software (Angel and 
Finger 2011). The unit-cell lattice parameters were determined using vector-least-
squares refinements (Table 1). Single-crystal X-ray diffraction measurements 
for structure refinement at ambient conditions were performed at BGI using an 
Oxford XCalibur diffractometer using MoKa radiation (l = 0.70937 Å) operated 
at 50 kV and 40 mA. The system is equipped with a graphite monochromator and 
a Sapphire 2 CCD area detector at a distance of 50.83 mm. Omega scans were 




