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Abstract
Phase Egg and δ-AlOOH are two typical hydrous phases that might exist in the wet sedimentary 

layer of subducted slabs under mantle conditions. They are thus regarded as potential water carriers 
to Earth’s deep mantle. In this report, we report the full elastic constants of both phases determined by 
Brillouin scattering and X-ray diffraction measurements under ambient conditions. Our results indicate 
that the hydrogen-bond configurations in the crystal structures of the two phases have a profound effect 
on their principal elastic constants. The adiabatic bulk modulus (KS) and shear modulus (G) calculated 
from the obtained elastic constants using the Voigt-Reuss-Hill averaging scheme are 158.3(201) GPa 
and 123.0(60) GPa for phase Egg and 162.9(31) GPa and 145.2(13) GPa for δ-AlOOH, respectively. 
These results allow us to evaluate elastic moduli and sound velocities of hydrous minerals in the 
Al2O3-H2O-SiO2 ternary system (simplified composition of subducted wet sedimentary layer) at ambi-
ent conditions, including the contrast of the acoustic velocities VP and VS for the reaction AlSi3OH = 
δ-AlOOH + SiO2 (stishovite) and the evolution in the elastic moduli and sound velocities of hydrous 
minerals as a function of density.
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Introduction
Hydrous phases that form in wet subducted lithospheric slabs 

are regarded as potential carriers for transporting water into the 
Earth’s deep interior. Dehydration of these hydrous phases can 
release substantial amounts of water and significantly affect physi-
cal and chemical properties of the surrounding rocks, such as the 
rheology and electrical conductivity (Karato et al. 1986; Ohtani 
2020). Researchers have examined phase relations in hydrous 
systems with various chemical compositions that are representative 
of sedimentary, basaltic and peridotitic layers of subducted slabs. 
These efforts have led to the discoveries of several hydrous miner-
als stable at relevant deep-mantle pressure-temperature conditions 
(Iwamori 2004; Litasov and Ohtani 2003; Schmidt and Poli 1998). 
Among these previously reported hydrous minerals in the simplified 
Al2O3-H2O-SiO2 ternary system, phase Egg and δ-AlOOH are two 
typical phases that might exist in the subducted wet sedimentary 
layer (Ono 1998; Schmidt et al. 1998). Experimental studies on the 
phase stability of phase Egg show that it remains stable at depths of 
the mantle transition zone even along a normal mantle geotherm. 
It then decomposes to δ-AlOOH and stishovite at greater depths 
in the topmost lower mantle (25–30 GPa) (Fukuyama et al. 2017; 
Pamato et al. 2015; Sano et al. 2004). δ-AlOOH is found to survive 
in the lower mantle down to core-mantle boundary conditions along 
a cold slab geotherm (Duan et al. 2018; Ohtani et al. 2001; Sano 
et al. 2008; Yuan et al. 2019). Therefore, phase Egg and δ-AlOOH 

can form a continuous chain to transport water from the mantle 
transition zone to the deep lower mantle through slab subduction 
processes. In addition, Wirth et al. (2007) claimed that phase Egg 
occurs as inclusions in ultradeep diamonds, providing geological 
evidence for the possible existence of phase Egg at the depth of 
the mantle transition zone.

Phase Egg with an ideal formula of AlSiO3OH was first syn-
thesized by Eggleton et al. (1978). It has a monoclinic symmetry 
with space group P21/n (Schmidt et al. 1998) and consists of edge-
shared Si-octahedra linked to an Al2O10 dimer (Online Materials1 
Fig. OM1a and OM1b). High-pressure X-ray diffraction studies 
show that the axial compressibility of phase Egg is extremely 
anisotropic (Schulze et al. 2018; Vanpeteghem et al. 2003), which 
is also supported by recent first-principles calculations (Mookher-
jee et al. 2019). δ-AlOOH is a synthetic high-pressure polymorph 
of diaspore (α-AlOOH) and boehmite (γ-AlOOH) that adopts a 
CaCl2-type structure with P21nm space group (Online Materials1 
Fig. OM1c) (Suzuki et al. 2000). In recent years, δ-AlOOH has 
drawn increasing attention due to its pressure-induced hydrogen-
bond symmetrization and wide P-T stability field (Hsieh et al. 
2020; Sano-Furukawa et al. 2018, 2009). The formation of δ-phase 
AlOOH–FeOOH–MgSiO2(OH)2 solid solutions is of potential sig-
nificance to deep-mantle water circulation and dynamic evolution 
(Yuan et al. 2019). Elastic data of phase Egg and δ-AlOOH are basic 
physical parameters and essential for interpreting seismic obser-
vations and probing the possible existence of these phases in the 
Earth. Although first-principles calculations have been performed 
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