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INTRODUCTION

In the system MgO-FeO-SiO2-H2O the transformation from 
olivine [α-(Mg,Fe)2SiO4] to ringwoodite [γ-(Mg,Fe)2SiO4, 
spinel] can involve intermediate phases, the spinelloids (spinel 
derivatives) wadsleyite [β-(Mg,Fe)2SiO4] and wadsleyite II. 
Wadsleyite II is a hydrous magnesium-iron silicate with variable 
composition that occurs between the stability regions of wads-
leyite and ringwoodite, if sufÞ cient trivalent cations (Fe3+, Al3+) 
are available (Smyth et al. 2005). It is a possible transition zone 
phase that is a potential host for hydrogen in the Earth�s interior. 
If present in the transition zone, wadsleyite II may account for 
the generally diffuse nature and splitting of the 520 km seismic 
discontinuity observed in some regions of the Earth�s mantle 
(Smyth et al. 2005). Smyth and Kawamoto (1997) were the Þ rst 
to report the synthesis and full three-dimensional crystal structure 
of wadsleyite II. Recently, Smyth et al. (2005) characterized the 
wadsleyite II phase in further detail using different techniques 
including electron microscopy, high-pressure single-crystal X-
ray diffraction, and Fourier transform infrared (FTIR), Raman, 
and Mössbauer spectroscopy.

The crystal structure of wadsleyite II (Fig. 1) belongs to the 
orthorhombic crystal system, space group Imma. The unit-cell 
parameters are a = 5.6884(4) Å, b = 28.9238(15) Å, and c = 
8.2382(6) Å; a and c are approximately the cell parameters of 

wadsleyite whereas b is 2.5 times that of wadsleyite (Smyth and 
Kawamoto 1997; Smyth et al. 2005). Unlike the olivine and spi-
nel crystal structures that contain only isolated SiO4 tetrahedra, 
the wadsleyite structures contain polymerized tetrahedra: in 
wadsleyite solely Si2O7 groups are present, whereas in wadsleyite 
II both single (SiO4) and coupled tetrahedra (Si2O7) exist: one-
Þ fth of the Si atoms is in isolated tetrahedra and four-Þ fths in 
Si2O7 groups so that the structure can be thought of as a mixture 
of one-Þ fth spinel and four-Þ fths wadsleyite.

The wadsleyite II structure contains three distinct tetrahedral 
sites (Si1-Si3), six different (Mg,Fe) octahedral sites (M1-M6), 
and eight distinct oxygen sites (O1-O8) Si1 is an isolated SiO4 
group, and Si2 and Si3 form an Si2O7 group. O7 is the bridging 
O atom of the Si2O7 group and also bonded to one M3; the O2 
atom is not bonded to Si, but is coordinated by Þ ve M site atoms, 
two M5, two M6, and one M3 (Smyth et al. 2005). The other O 
atoms are each bonded to three M and one Si, and are similar 
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ABSTRACT

Raman spectra in the range 80 to 4000 cm�1 of wadsleyite II (Fo90 with 2.0 wt% H2O and Fo88 with 
2.7 wt% H2O) have been measured in a diamond-anvil cell with solid rare-gas pressure-transmitting 
media to 51.4 GPa at room temperature. The ambient Raman spectrum of wadsleyite II is closely similar 
to wadsleyite modiÞ ed with bands in frequency regions where the SiO4 tetrahedral and OH stretching 
vibrations of hydrous ringwoodite occur. The most intense, characteristic wadsleyite II modes at 709 
and 911 cm�1 (Si2O7 and SiO3 symmetric stretching vibrations, respectively) shift continuously to 51.4 
GPa showing no evidence for a change in the crystal structure. A striking feature in the high-pressure 
Raman spectra of wadsleyite II is a signiÞ cant growth in intensity in the mid-frequency range (300�650 
cm�1 at 10�4 GPa and 400�750 cm�1 at 51.4 GPa) under compression accompanied by the appearance of 
new Raman modes near 40 GPa, perhaps a result of resonance electronic Raman scattering. In the OH 
stretching frequency range, the Raman spectrum of wadsleyite II exhibits at least six modes and their 
high-pressure behavior agrees with that of Fo90 hydrous wadsleyite: OH stretching modes above 3530 
cm�1 remain approximately constant up to at least 21.8 GPa whereas OH modes at frequencies <3530 
cm�1 decrease with increasing pressure. The OH stretching modes are consistent with protonation of 
the non-silicate oxygen O2 and the O atoms surrounding the partially vacant tetrahedral site Si2, as 
suggested from X-ray diffraction data.
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FIGURE 1. The crystal structure of wadsleyite II.


