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Crystal structure of hydrous wadsleyite with 2.8% H2O and compressibility to 60 GPa
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Abstract

Hydrous wadsleyite (β-Mg2SiO4) with 2.8 wt% water content has been synthesized at 15 GPa and 
1250 °C in a multi-anvil press. The unit-cell parameters are: a = 5.6686(8), b = 11.569(1), c = 8.2449(9) 
Å, β = 90.14(1)°, and V = 540.7(1) Å3, and the space group is I2/m. The structure was refined in space 
groups Imma and I2/m. The room-pressure structure differs from that of anhydrous wadsleyite princi-
pally in the increased cation distances around O1, the non-silicate oxygen. The compression of a single 
crystal of this wadsleyite was measured up to 61.3(7) GPa at room temperature in a diamond anvil cell 
with neon as pressure medium by X-ray diffraction at Sector 13 at the Advanced Photon Source, Argonne 
National Laboratory. The experimental pressure range was far beyond the wadsleyite-ringwoodite 
phase-transition pressure at 525 km depth (17.5 GPa), while a third-order Birch-Murnaghan equation 
of state (EoS) [V0 = 542.7(8) Å3, KT0 = 137(5) GPa, K′ = 4.6(3)] still fits the data well. In comparison, 
the second-order fit gives V0 = 542.7(8) Å3, KT = 147(2) GPa. The relation between isothermal bulk 
modulus of hydrous wadsleyite KT0 and water content CH2O is: KT0 = 171(1)–12(1) CH2O (up to 2.8 wt% 
water). The axial-compressibility βc is larger than both βa and βb, consistent with previous studies and 
analogous to the largest coefficient of thermal expansion along the c-axis. 
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Introduction

Wadsleyite dominates the mineralogy of the upper transition 
zone with pyrolite composition (Anderson 2007; Ringwood 
1976) (up to 70 vol%). From a depth of 410 to 525 km down-
ward, wadsleyite transforms to ringwoodite. Smyth (1987, 
1994) predicted that wadsleyite can contain up to 3.3 wt% H2O, 
because O1, the under-bonded non-silicate oxygen, is a likely 
site for hydration. Subsequently, Inoue et al. (1995) synthesized 
pure-magnesium hydrous wadsleyite with 3.1 wt% H2O. The 
huge amount of water potentially incorporated into these silicate 
minerals in the mantle implies that the mass of liquid-water 
equivalent stored or recycled through the mantle might amount 
to several oceans. Such implications are important for the un-
derstanding of the evolution of crust and mantle and changes 
of ocean levels in the geological past (Drake and Righter 2002; 
Bercovici and Karato 2003).

Hydrogen in the wadsleyite structure has significant effects 
on the physical properties such as thermal expansion (Ye et al. 
2009; Inoue et al. 1995) and compressibility (Holl et al. 2008). 
Inoue et al. (1995) studied the thermal expansion of hydrous 
wadsleyite (Mg2SiO4) with as much as 2.6 wt% H2O, by powder 
X-ray diffraction up to 973 K at ambient pressure. Yusa and 
Inoue (1997) reported the compressibility of hydrous wadsleyite 
(Mg2SiO4) with 2.5 wt% H2O, by powder X-ray diffraction to 8.5 

GPa. Hazen et al. (2000) and Holl et al. (2008) have also reported 
KT0 up to 10 GPa. We have synthesized hydrous wadsleyite, with 
about 2.8 wt% H2O, and refined its crystal structure at ambient 
conditions to obtain information on the hydration mechanism. 
We also measured the unit-cell parameters up to 61.3 GPa by 
single-crystal X-ray diffraction in a diamond anvil cell using 
neon as pressure medium at Sector 13 of the Advanced Photon 
Source (GSECARS). 

Anhydrous wadsleyite crystallizes in the orthorhombic space 
group Imma. Hydration causes a volume expansion of the unit 
cell together with an apparent decrease in symmetry to mono-
clinic space group I2/m. Smyth et al. (1997) reported an iron-
bearing wadsleyite with 2.3 wt% H2O and β = 90.4°; Jacobsen 
et al. (2005) observed β up to 90.125(3)° for a sample with 1.06 
wt% H2O; Holl et al. (2008) described the sample with 1.66 wt% 
H2O and β = 90.090(7)°. In this study, the monoclinic structure 
was further studied with respect to even higher water content. 

Experimental methods and results

Synthesis
Crystals of hydrous pure Mg wadsleyite for this study were synthesized at 

15 GPa and 1250 °C using a 2 mm welded Pt capsule in an 18 mm sintered MgO 
octahedron assembly in the 5000 ton multi-anvil press at Bayerisches Geoinstitut. 
Corner truncations on the 54 mm WC cubes were 8 mm and the heating duration 
time was 210 min. Starting material was synthetic anhydrous forsterite plus brucite 
and silica (quartz) to give a composition with 5.5 wt% H2O. Single crystals up to 250 
µm were obtained. No phases other than wadsleyite were noted in the capsule. * E-mail: yey@colorado.edu


