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Phase egg, [AlSiO3(OH)], is an aluminosilicate hydrous mineral that is thermodynamically stable in 
lithological compositions represented by Al2O3-SiO2-H2O (ASH) ternary, i.e., a simplified ternary for the 
mineralogy of subducted sediments and continental crustal rocks. High-pressure and high-temperature 
experiments on lithological compositions resembling hydrated sedimentary layers in subducting slabs 
show that phase egg is stable up to pressures of 20–30 GPa, which translates to the transition zone to 
lower mantle depths. Thus, phase egg is a potential candidate for transporting water into the Earth’s 
mantle transition zone. In this study, we use first-principles simulations based on density functional 
theory to explore the pressure dependence of crystal structure and how it influences energetics and 
elasticity. Our results indicate that phase egg exhibits anomalous behavior of the pressure dependence 
of the elasticity at mantle transition zone depths (~15 GPa). Such anomalous behavior in the elastic-
ity is related to changes in the hydrogen bonding O-H···O configurations, which we delineate as a 
transition from a low-pressure to a high-pressure structure of phase egg. Full elastic constant tensors 
indicate that phase egg is very anisotropic resulting in a maximum anisotropy of compressional wave 
velocity, AvP ≈ 30% and of shear wave velocity, AvS ≈ 17% at zero pressures. Our results also indicate 
that the phase egg has one of the fastest bulk sound velocities (vP and vS) compared to other hydrous 
aluminous phases in the ASH ternary, which include topaz-OH, phase Pi, and d-AlOOH. However, 
the bulk sound velocity of phase egg is slower than that of stishovite. At depths corresponding to the 
base of mantle transition zone, phase egg decomposes to a mixture of d-AlOOH and stishovite. The 
changes in compressional DvP and shear DvS velocity associated with the decomposition is ~0.42% 
and –1.23%, respectively. Although phase egg may be limited to subducted sediments, it could hold 
several weight percentages of water along a normal mantle geotherm.
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introduction

Based on estimates of planetary accretion, geochemistry, and 
the influx and outgassing of water, it is evident that our under-
standing of the size of the deep mantle reservoir of water is far 
from complete. Water is essential for the sustenance of planetary 
activities including melting (Hirschmann 2006) that eventually 
leads to large-scale geochemical differentiation. Water also helps 
in sustaining planetary geodynamics. In particular, water affects 
transport properties including the rheology (Mei and Kohlstedt 
2000), viscosity (e.g., Ichikawa et al. 2015), and electrical con-
ductivity (e.g., Wang et al. 2006a). Without water, the mantle 
convection processes for a dry silicate rock will be extremely 
sluggish. Therefore, it is important to estimate the size of such a 
water reservoir in the deep Earth. Knowing the extent of mantle 
hydration is also likely to enhance understanding of the role of 
solid Earth in influencing the sea level over long timescales (~109 
years). However, constraining the water content of the deep Earth 
is not straightforward. It is important to estimate how water is 

transported into the deep Earth and the water-storage potential 
and stability of minerals and rocks at deep Earth conditions, 
which is an upper bound of possible water content. Estimation 
of actual water storage requires geophysical observations of 
elasticity and electrical conductivity of the deep Earth and the 
effect of water on those physical properties.

Most of the mantle consists of nominally anhydrous minerals 
(NAMs) with trace quantities of water, which are thermodynami-
cally stable along a normal mantle geotherm, i.e., do not readily 
decompose at these temperatures. Hydrous mineral phases are 
distinct from the NAM phases and contain structurally bound 
hydroxyl groups, i.e., OH– groups occur in well-defined crystal-
lographic sites (Smyth 2006). Although, water is transported into 
the deep Earth via subduction of hydrated lithosphere containing 
hydrous mineral phases (Kawamoto 2006), a distinct limitation 
for hydrous phases as a potential reservoir for water over geologi-
cal timescale is that they are not thermodynamically stable in a 
normal mantle geotherm. Hence, water is likely to be partitioned 
to NAMs whose water retention capacity is significantly lower. 
For example, while hydrous phases can host several weight 
percentages of water (Kawamoto 2006; Mookherjee et al. 2015), 




