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Single crystal growth of wadsleyite
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AbStrAct

We have synthesized large (0.7–1.0 mm) crystals of anhydrous, water-bearing, and Fe-bearing 
wadsleyite by means of growth from solution in the thermal gradient field. Nearly anhydrous (<68±4 
wt ppm H2O) Mg2SiO4 crystals were grown using K2Mg(CO3)2 as a solvent at 16.5 GPa and 1700 °C. 
(Mg0.92Fe0.08)2SiO4 crystals containing 84±17 wt ppm H2O were grown using 92K2Mg(CO3)2-8FeCl2 
as a solvent. Crystals of Fe-free wadsleyite with 1496±117 wt ppm H2O were synthesized at 1400 °C 
and 15.5 GPa by using 2KHCO3-Mg(OH)2 as a solvent.
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introDuction

Wadsleyite is expected to be the most abundant mineral in 
the upper part of the mantle transition zone. Mg2SiO4-wadsleyite 
contains about 11 mol% Fe2SiO4 in a pyrolite composition (Green 
and Falloon 1998) and can also accomodate up to 3.3 wt% of 
H2O (e.g., Smyth 1994). Knowledge of the physical properties 
of wadsleyite and their dependence on composition is essential 
for interpretation of geophysical observations and understand-
ing the structure and dynamics of the mantle transition zone. 
Large high-quality single crystals are necessary for accurate 
determination of physical properties, such as elasticity, plasticity, 
elemental diffusivity, and electrical and thermal conductivity. 
For example, for understanding the constitution of the Earth’s 
interior, a comparison of the seismic wave velocity with elastic 
wave velocity of constituent materials is essential. Resonance 
ultrasonic spectroscopy, which is one of the most accurate and 
precise methods for determining elastic constants, requires single 
crystals with sizes >1 mm (Maynard 1996).

Nevertheless, it is difficult to obtain large and homogeneous 
single crystals of wadsleyite with the compositions mentioned 
above. Conventional crystal growth from its own melt may not 
be applied because of incongruent melting of wadsleyite (Fig. 1). 
The solid-stage crystallization under “dry” (<3 wt ppm H2O) con-
ditions typically produces anhydrous wadsleyite with grain sizes 
of less than 10 µm (Nishihara et al. 2006). Jacobsen et al. (2005) 
reported that addition of water to the system makes it possible to 
obtain hydrous wadsleyite single crystals of up to 500 µm in size, 
containing approximately 3200 wt ppm H2O. However, crystals 
larger than 0.5 mm have not yet been synthesized. For practical 
use, we also need large crystals of anhydrous wadsleyite, which 

are even more difficult to grow because wadsleyite absorbs some 
water from surrounding material of high-pressure cells, even 
through a sealed metal capsule, and typically contains at least 
several hundred wt ppm H2O (Nishihara et al. 2006).

In this paper, we describe an experimental technique for crys-
tal growth of hydrous, anhydrous, and Fe-bearing wadsleyite, and 
highlight our advantage in synthesis of 1 mm single crystals.
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Figure 1. Phase relations in the Mg2SiO4 system inferred from the 
data of Katsura and Ito (1989), Katsura et al. (2003, 2004), and Liebske 
(2005). Wd = wadsleyite; Fo = forsterite; AnhB = anhydrous phase B; 
Pc = periclase; Rw = ringwoodite; Pv = perovskite; L = liquid; St = 
stishovite; Mj = majorite.


