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INTRODUCTION

The principal compositional component of the Earth s̓ mantle 
to a depth of 660 km, (Mg,Fe)2SiO4, undergoes a series of phase 
transitions with increasing depth (or pressure). These result in 
three polymorphs: olivine, α-(Mg,Fe)2SiO4, is the stable form 
from the surface to a depth of 410 km; wadsleyite, β-(Mg,Fe)2SiO4, 
occurs from 410 to 530 km; while ringwoodite, γ-(Mg,Fe)2SiO4, 
is stable between 530 and 660 km (Ringwood 1975; Katsura and 
Ito 1989). The stability Þ eld of the α polymorph is believed to 
deÞ ne the extent of the upper mantle, with the transformation 
of the α to β and β to γ phases resulting in the narrow transition 
zone between the upper and lower mantle. At greater pressures, 
in the lower mantle, γ-(Mg,Fe)2SiO4 disproportionates into 
(Mg,Fe)O (magnesiowüstite) and a (Mg,Fe)SiO3 perovskite. 
The physical properties of the upper mantle and transition zone 
(such as seismic wave velocities, viscosity, compressibility, ther-
mal conductivity, etc.) are thus dominated by the behavior of 
the three polymorphs of (Mg,Fe)2SiO4. In this nuclear magnetic 
resonance (NMR) study, we are concerned solely with the Fe-free 
forms of olivine, wadsleyite, and ringwoodite; these are termed 
forsterite (α-Mg2SiO4), Mg-rich wadsleyite (β-Mg2SiO4), and 
Mg-rich ringwoodite (γ-Mg2SiO4), respectively. For convenience, 
however, β-Mg2SiO4 and γ-Mg2SiO4 will hereafter be referred to 
simply as wadsleyite and ringwoodite.

There are signiÞ cant differences between the crystal struc-
tures of the three Mg2SiO4 polymorphs. Forsterite (Hazen 1976) 
and ringwoodite (Sasaki et al. 1982) contain orthosilicate (SiO4

4�) 

structural units and each O atom is approximately tetrahedrally 
coordinated to one Si and three Mg atoms. Forsterite contains 
three O sites (one O1, one O2, and two O3), while ringwoodite 
possesses a single O site. Wadsleyite (Horiuchi and Sawamoto 
1981), however, contains pyrosilicate (Si2O7

6�) groups result-
ing in one approximately trigonal-planar bridging O species 
(O2, coordinated to one Mg and two Si atoms), two distinct 
tetrahedrally coordinated sites (two O3 and four O4) and an O 
site (O1) that is not bonded to Si but is coordinated by Þ ve Mg 
atoms in a distorted square-pyramidal geometry. The coordina-
tion environments of the O sites in the three polymorphs are 
shown in Figure 1.

Of particular recent interest is the structural incorporation 
of water at defect sites in these phases (Kohlstedt et al. 1996; 
Bolfan-Casanova et al. 2000), which has implications for mantle 
geodynamics (Hirth and Kohlstedt 1996) owing to the resulting 
changes in physical properties. The water capacity of the three 
polymorphs varies considerably. Samples of mantle olivine have 
been found to contain up to 0.02 wt% water (Bell et al. 2003), 
although 0.002 wt% is more typical (Bell and Rossman 1992). 
In contrast, wadsleyite (up to 3.3 wt%) and ringwoodite (up to 
2.7 wt%) appear to have much higher afÞ nity for water (Kohlst-
edt et al. 1996; Smyth 1994). Together, these three polymorphs 
represent a huge potential reservoir for water given the volume 
of the upper mantle and transition zone.

The water defect sites and incorporation mechanisms for the 
three polymorphs are yet to be fully identiÞ ed. In the highly hy-
drated forms of wadsleyite and ringwoodite, hydrogen is ordered 
in the structure and single crystal X-ray diffraction has been used 
to determine the hydrogen position (Kudoh et al. 1996, 2000; * E-mail: s.wimperis@ex.ac.uk
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ABSTRACT

The high sensitivity of the satellite-transition (ST) MAS NMR technique was exploited to obtain 
high-resolution 17O MAS NMR spectra of the three polymorphs of Mg2SiO4: forsterite (α-Mg2SiO4), 
wadsleyite (β-Mg2SiO4), and ringwoodite (γ-Mg2SiO4). High NMR sensitivity was important in this 
application because 17O-enriched, Fe-free materials are required for 17O NMR and high-pressure 
syntheses of the dense β and γ polymorphs result in a only a few milligrams of these solids. In all, 
eight distinct O species were identiÞ ed and assigned: three in forsterite, four in wadsleyite, and one in 
ringwoodite, in agreement with the number of O sites in their crystal structures. The isotropic chemical 
shifts extracted are in excellent agreement with a previously published correlation with Si-O bond 
length. However, unexpectedly large quadrupolar coupling constants were found for the non-bridging 
O species in the dense polymorphs wadsleyite and ringwoodite.


