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abstRact

The coherent dehydration of pure-Mg wadsleyite has been investigated by single-crystal X-ray 
diffraction at high temperature and room pressure. Hydrous wadsleyite with 2.8 wt% H2O has mono-
clinic unit-cell parameters of a = 5.6693(4), b = 11.571(1), c = 8.2407(5) Å, b = 90.209(3)°, and V = 
540.59(7) Å3. Dehydration begins at 635 K with an abrupt increase in the a-axis and decrease in b. After 
dehydration is complete, the dehydrated sample is orthorhombic with a = 5.6995(3), b = 11.4589(8), c 
= 8.2556(5) Å, and V = 539.17(6) Å3 at ambient conditions. Atom position and displacement parameters 
have been refined for both hydrous and dehydrated wadsleyite samples from intensity measurements 
conducted at high temperatures. The most significant changes during dehydration are systematic de-
creases in M2–O1 and M3–O1 bond lengths. After dehydration, M2–O1 and M3–O1 bonds decrease 
by 3% and 2.5%, respectively. While the length changes of the other M–O bonds are no more than 
1%, consistent with the hydration mechanism being protonation of O1. For the monoclinic structure, 
the average thermal expansion coefficient is 38.4(3) × 10-6 K-1 before dehydration and 28.1(8) × 10-6 
K-1 for the dehydrated sample. The volumetric thermal expansion coefficients for MgO6 octahedra 
in the hydrous sample, a0(V), are 36(4), 41(4), 49(5), and 35(4) (10-6 K-1) for M1, M2, M3A, and 
M3B, respectively. In the dehydrated sample, they are 35(5), 34(4), and 36(2) (10-6 K-1) for M1, M2, 
and M3, respectively. No significant thermal expansion is observed for SiO4 tetrahedra of either the 
hydrous or dehydrated sample.
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intRoduction

For a pyrolite-composition mantle (Anderson 2007; Ring-
wood 1966), wadsleyite composes 60~70 vol% of the upper 
transition zone (410–525 km). At 410 km depth, olivine trans-
forms to wadsleyite (P ≈ 13.5 GPa, T ≈ 1673 K), and at 525 km 
depth, wadsleyite transforms to ringwoodite (P ≈ 17.5 GPa, T 
≈ 1790 K). Holl et al. (2008) and Ye et al. (2010) outlined the 
systematic decrease in isothermal bulk modulus (i.e., increasing 
in compressibility) with hydration of wadsleyite. Ye et al. (2009) 
reported an increased thermal expansion coefficient for hydrous 
wadsleyite of 1.66 wt% H2O relative to that for anhydrous wad-
sleyite. To confirm this result and see if the increased thermal 
expansion extends systematically to higher water contents, we 
have measured the thermal expansion of a more hydrous wads-
leyite sample with 2.8 wt% H2O.

Smyth et al. (1997), Kudoh and Inoue (1999), Holl et al. 
(2008), and Ye et al. (2010) outlined the monoclinic (I2/m) 
structure of hydrous wadsleyite with b slightly greater than 90°, 
due to non-equivalent vacancy ordering in the M3 octahedra that 
split into two separate sites in the monoclinic structure. In this 

study, we measure the b angle of hydrous wadsleyite at various 
temperatures and during the dehydration process, and explore 
the relationship between the b angle and M3 occupancies and 
polyhedral volumes.

Smyth (1987, 1994) predicted that wadsleyite could contain 
up to 3.3 wt% H2O, because non-silicate O1 sites are likely sites 
for protonation. This structure prediction was further supported 
by the 29Si NMR spectroscopic study of Stebbins et al. (2009a 
2009b). To document structural effects of dehydration, especially 
for M2–O1 and M3–O1 bonds, crystal-structure refinements 
have been carried out at high temperatures for both hydrous and 
dehydrated samples.

expeRimental methods and data
Synthesis conditions for the hydrous wadsleyite sample were 15 GPa and 

1523 K (Ye et al. 2010). A single crystal of about 110 × 80 × 70 mm3 in size was 
mounted inside a silica glass capillary for unit-cell and internal structure refine-
ment. Experiments were conducted on a Bruker P4 four-circle diffractometer with 
a dual scintillation point detector system using an 18 kW rotating Mo-anode X-ray 
generator operated at voltage of 50 kV and current of 250 mA. The X-ray source 
was MoKa1–MoKa2 mixed characteristic wavelength, and a single crystal of anhy-
drous forsterite with perfect spherical shape was used to calibrate MoKa(average) 
to be 0.71065 Å, which was later used for the cell and structure refinement of 
the wadsleyite sample. The initial unit-cell parameters at room temperature were 
refined from 70 single-crystal reflections of 21 unique reflections (12° < 2q < 30°): * E-mail: yey@colorado.edu


