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Thermoelasticity of phase D and implications for low-velocity anomalies
and local discontinuities at the uppermost lower mantle
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ABSTRACT

The distribution of water reservoirs in the deep Earth is critical to understanding geochemical evo-
lution and mantle dynamics. Phase D is a potential water carrier in the slab subducted to the uppermost
lower mantle (ULM), and its seismic velocity and density characteristics are important for seismologi-
cal detection in water reservoirs, but these properties remain poorly constrained. Here, we calculate the
seismic velocities and density of Mg-end-member phase D (MgSi2H2O6) under the ULM conditions
using first-principles calculations based on the density functional theory. The velocities of phase D are
higher than those of periclase and slightly lower than those of bridgmanite by 0.5–3.4% for VP and by
0–1.9% for VS between 660 and 1000 km depths. Considering its relatively low content, phase D can
hardly produce a low-velocity anomaly in the ULM observed by seismological studies. However, its
strong elastic anisotropy may contribute significantly to the observed seismic anisotropy at a similar
depth. Additionally, phase D dehydrates into bridgmanite and stishovite at the ULM, producing insig-
nificant velocity changes but a substantial density increase of ∼14%. Therefore, the dehydration is
probably too weak to generate discontinuities associated with velocity jumps. In contrast, it may
account for seismic discontinuities sensitive to impedance changes, particularly density jumps, near
the dehydration depth observed in some subduction zones.
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INTRODUCTION

Water in the Earth’s interior exerts significant influences on
geochemical evolution and mantle dynamics because a small
amount of water can significantly change the rheological prop-
erties, melting temperature, diffusion rate ofmaterials, and phase
stability (Hirschmann 2006; Karato and Jung 2003; Mei and
Kohlstedt 2000). For example, water can reduce the viscosity
and solidus temperature of mantle rocks, significantly influenc-
ing the pattern and velocity of mantle flow. It has been shown
that wadsleyite and ringwoodite, candidate nominally anhy-
drous minerals in the mantle transition zone (MTZ), could incor-
porate several weight percent of H2O (Bell and Rossman 1992;
Inoue et al. 1995, 2010; Jacobsen et al. 2005; Smyth 1987),
while the hydrous ringwoodite and ice-VII discovered in super-
deep diamonds (Pearson et al. 2014; Tschauner et al. 2018)
provide direct evidence for the existence of the non-negligible
amount of H2O in the deep mantle. Water can likely be trans-
ported into the MTZ and the lower mantle via subducting slabs
through the formation and dehydration of dense hydrous

magnesium silicates (DHMSs) (Angel et al. 2001). Some geo-
physical anomalies, such as high VP/VS, high electrical conduc-
tivity, and low-velocity anomalies, were interpreted as locally
high water content released by the dehydration of DHMSs
(Karato 2011; Li et al. 2013; Savage 2012) or merely their exis-
tence owing to their low-velocity characteristics (Liu et al. 2016;
Schmandt et al. 2014; Yang et al. 2017). Meanwhile, the gener-
ation/breakdown of DHMSs could also cause considerable
impedance contrasts, giving rise to seismic discontinuities.
For example, the decomposition of a small amount of superhy-
drous phase B may contribute to the 800-km discontinuity in
western Pacific subduction zones (Yang et al. 2017). The dehy-
dration of phase H could produce significant seismic impedance
increases in the mid-mantle (Song et al. 2022). Combining these
seismological observations with the velocity and density charac-
teristics, phase transitions, and corresponding impedance con-
trasts of DHMSs could help constrain the water content in the
deep interior and provide insights into water circulation in the
entire planet.

Phase D is considered a significant carrier of water in slabs
subducted to the uppermost lower mantle (ULM). The ideal
chemical formula of phase D is MgSi2H2O6 containing 10 wt%
water, whereas the synthesized phase D shows a wide variation
in Mg/Si ratio from 0.53 to 0.71 and the water content varies
from 10 to 18wt% (Yang et al. 1997; Frost and Fei 1999; Litasov
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