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Effects of hydration on thermal expansion of forsterite, wadsleyite, and ringwoodite at 
ambient pressure

Yu Ye,* Richard A. Schwering, and Joseph R. Smyth

Department of Geological Sciences, University of Colorado, Boulder, Colorado 80309, U.S.A.

Abstract

Single-crystal X-ray diffraction has been used to measure the thermal expansion coefficients of 
forsterite, wadsleyite, ringwoodite, and their hydrous forms at ambient pressure, from temperatures 
as low as 133 K to as high as 919 K. Second-order polynomial fitting to ln(V/V0) vs. T was applied 
to derive the expansion coefficients in the form of α = a1 × T + a0. The single crystal of anhydrous 
wadsleyite persisted up to 859 K. Hydrous forsterite was observed to dehydrate at 919 K, whereas 
hydrous wadsleyite started to dehydrate at 655 K. The crystal of ringwoodite with 0.20 wt% broke 
down at 911 K, and the two ringwoodite samples with 0.74 and 2.4 wt% H2O, were observed to break 
down with an irreversible unit-cell expansion at 808 and 606 K, respectively. From room temperature 
to high temperatures in this study, the mean thermal volume expansion coefficients are 36.4(5) and 
38.1(9) × 10–6 K–1, respectively, for anhydrous and hydrous forsterite; 28.5(5) and 35.8(8) × 10–6 K–1, 
respectively, for the anhydrous and hydrous wadsleyite; 30.6(9), 35.2(15), and 34.9(7) × 10–6 K–1 for 
the samples of ringwoodite with 0.2, 0.74, and 2.4 wt% H2O, respectively. Thus, forsterite, wadsleyite, 
and ringwoodite all have larger thermal expansion coefficients in their hydrous forms than in their 
anhydrous forms. 
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Introduction

Approximately 65% of the total mass of the Earth is composed 
of silicate rock in the mantle and crust. Hydrogen in silicate 
minerals has very important effects on physical properties, such 
as melting temperature, density, rheology, elastic properties, 
and thermal expansion. Furthermore, even minor amounts of 
hydrogen in the mantle may play a key role in the development 
and evolution of the hydrosphere (Smyth and Jacobsen 2006; 
Bolfan-Casanova 2005). Water may be transported to the mantle 
transition zone (410–660 km) or deeper by subducted slabs in the 
form of dense hydrous magnesium silicates (DHMS) (Ohtani et 
al. 2001; Inoue et al. 2004), as well as by hydrogen incorporated 
into nominally anhydrous phases, such as pyroxene, olivine, 
and garnet. 

Olivine, wadsleyite, and ringwoodite, thought to be the major 
minerals in the upper mantle and transition zone, are nominally 
anhydrous, but can incorporate significant amounts of hydrogen 
in the form of hydroxyl in their crystal structures: Smyth (1987, 
1994) predicted by theoretical studies that wadsleyite might 
contain up to 3.3 wt% H2O. Inoue et al. (1995) subsequently 
synthesized pure wadsleyite (Mg2SiO4) with 3.3 wt% H2O. 
Impure ringwoodite (Mg, Fe)2SiO4 was also shown to be able to 
contain up to about 3 wt% H2O (Kohlstedt et al. 1996). Smyth 
et al. (2006) reported olivines with up to about 0.9 wt% H2O 
synthesized at 12 GPa and 1523 K. To understand the role of 
nominally anhydrous silicates in the overall hydrogen budget of 
the planet, it is necessary to constrain the effects of hydration 

on the equations of state of the major phases of the interior. 
Constraining the effects of hydration on the thermal expansion 
of these phases may thus improve estimates of water contents in 
various regions of the interior. This study was conducted at ambi-
ent pressure, the first step in a study of the effects of hydration on 
thermal expansion. Further steps will be necessary in the future 
to constrain the thermal expansion at high pressures.

In addition to measurement of thermal expansion, high-tem-
perature experiments on these phases may improve the under-
standing of breakdown mechanisms and dehydration kinetics. 
Anhydrous wadsleyite and anhydrous ringwoodite were observed 
to transform into forsterite at 1073 K (Inoue et al. 2004). Suzuki 
et al. (1979) reported the persistence of anhydrous ringwoodite 
up to 1023 K, and Suzuki et al. (1980) reported the back-trans-
formation of anhydrous wadsleyite to forsterite at 1173 K. The 
thermal expansion of hydrous and anhydrous wadsleyite and 
ringwoodite above room temperature were studied by Inoue et 
al. (2004) by powder X-ray diffraction measurements performed 
at ambient pressure. The thermal expansion of hydrous forsterite, 
however, has not yet been reported. 

In the current study, single-crystal X-ray diffraction was used 
to measure the thermal expansion of hydrous and anhydrous 
forsterite, wadsleyite, and ringwoodite from temperatures as low 
as 133 K to high temperatures of about 900 K. The e.s.d. values 
in the cell parameters and volume of this study are smaller than 
those of previous studies from X-ray powder diffraction. The 
thermal expansion coefficients were compared with the results 
from Inoue et al. (2004) and Suzuki et al. (1979, 1980), and a 
second-order polynomial fitting method was applied to ln(V/V0) 
vs. T from low to high temperatures. * E-mail: yey@colorado.edu


