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Abstract
The 3.65 Å phase [MgSi(OH)6] is likely to be formed by decomposition of the hydrous 10 Å phase
[Mg3Si4O10(OH)2·H2O] at pressures of 9–10 GPa. In this study, we use a combination of X-ray diffraction and first-principles simulations to constrain the equation of state and elasticity of the 3.65 Å
phase. We find that the equation of state results for the 3.65 Å phase, from X-ray diffraction data are
well represented by a third-order Birch-Murnaghan formulation, with K0 = 83.0 (±1.0) GPa, K0′ = 4.9
(±0.1), and V0 = 194.52 (±0.02) Å3. Based on the first-principles simulations, the full single-crystal
elastic constant tensor with monoclinic symmetry shows significant anisotropy with the compressional
c11 = 156.2 GPa, c22 = 169.4 GPa, c33 = 189.3 GPa, the shear components c44 = 55.9 GPa, c55 = 58.5
GPa, c66 = 74.8 GPa, and c46 = 1.6 GPa; the off-diagonal components c12 = 38.0 GPa, c13 = 26.5 GPa,
c23 = 22.9 GPa, c15 = 1.5 GPa, c25 = 1.5 GPa, and c35 = –1.9 GPa at zero pressure.
At depths corresponding to 270–330 km, the seismological X-discontinuity has been observed
in certain regions. We find that the formation of 3.65 Å from layered hydrous magnesium silicates
(LHMS) such as 10 Å angstrom phases occurs at around 9 GPa, i.e., coinciding with the seismic
X-discontinuity. The LHMS phases have significant seismic anisotropy. Based on the full elastic
constant tensor, although among the dense hydrous magnesium silicate (DHMS) phases, the 3.65 Å
phase reveals considerably larger elastic anisotropy, it is significantly smaller than the LHMS phases.
This change in seismic anisotropy in hydrous phases might be one of the plausible explanations for
the seismic X-discontinuity.
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Introduction
Hydrous phases play an important role in transporting water
into the Earth’s interior. At crustal and shallower depths, layered
hydrous silicates, such as serpentine, talc, chlorite, muscovite,
and phlogopite are predominant. However, at greater depths these
hydrous phases become thermodynamically unstable and they
dehydrate and part of the released fluid migrates up to the arc
thus affecting the surrounding mantle. These fluids dictate the
onset of hydrous melting (Iwamori 1998, 2004, 2007; Kawamoto
2006; Frost 2006) and may trigger deep earthquakes (Brudzinski
et al. 2007). Mantle hydration has also been invoked to explain
various geophysical observations including the “inverted moho”
in the mantle wedges (Bostock et al. 2002; Bezacier et al. 2010,
2013; Mookherjee and Capitani 2011) and the “low velocity
layers” in subducting lithosphere (Abers 2005; Chantel et al.
2012; Mookherjee and Bezacier 2012; Kim et al. 2012, 2013).
In addition, unusually large delay times between the arrivals of
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the two shear waves have also been explained by presence of
hydrous phases in certain subduction zone settings (Long and
Silver 2008; Katayama et al. 2009; Bezacier et al. 2010; Jung
2011; Mookherjee and Capitani 2011).
However, dehydration is almost certainly incomplete and the
remaining fluid is partitioned into the dense hydrous magnesium
silicate phase (DHMS). Several dense hydrous magnesium
silicate phases have been identified based on experiments conducted in the simplified three-component system, MgO-SiO2H2O, which is representative of hydrated peridotite lithology
(Ringwood and Major 1967; Gasparik 1993; Prewitt and Downs
1998; Angel 2001; Clark et al. 2004; Gleason et al. 2008; Wunder and Schreyer 1992, 1997; Wunder 1998). The 3.65 Å phase
MgSi(OH)6 is one such DHMS phase that has been known for
a while (Sclar 1965). However, its crystal structure and phase
stability remained poorly understood until recent studies (Pawley et al. 2011; Welch and Wunder 2012; Wunder et al. 2011,
2012). Based on these experiments, at pressures of 9–10 GPa,
the hydrous 3.65 Å phase ([MgSi(OH)6] is likely to be formed
as breakdown product of the 10 Å phase [Mg3Si4O10(OH)2·H2O]
(Pawley et al. 2011; Wunder et al. 2011, 2012). It is capable of
hosting significant amount of water (∼35 wt%) and is one of the
largest repositories of water among all the known hydrous phases.
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