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OH defects in mantle minerals: A study using advanced NMR spectroscopy and
first-principles calculation
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Water may be present in nominally anhydrous mantle minerals in the form of
OH defects, affecting the structure and dynamics of the Earth’ s mantle. Thus, it is important to
clarify how water is incorporated in such minerals. In this study, we have used a combined approach
of NMR spectroscopy, first-principles calculation, etc. on a number of mantle minerals (enstatite,
grossular, pyrope, ringwoodite, etc.), either synthesized at high pressure and high temperature or
natural samples, and have revealed new insights into the incorporation mechanisms of OH defects in
these minerals.
In addition, we have also carried out a comparative study on Zn silicate system in an attempt to
understand how the behaviors of hydrogen in high-pressure minerals vary with cation type. We have
found a new high-pressure hydrous Zn silicate phase (Zn-phase A) and have determined its crystal
structure.
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Fig. 1. *H MAS NMR spectra of orthoenstatite (OEN) and clinoenstatite (CEN) synthesized at 7 - 14 GPa
(aslabelled) and 1200 °C.
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Fig. 2. 'H static and MAS NMR spectra (MAS rate as marked) of synthetic CagAl2(SiO4)23(H404)07
hydrogrossular (left) and CazAl2(H40.)s katoite (right)
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Fig. 3H MAS NMR (left) and *H-Si MAS NMR spectra (right) of a sample consisting of Zn-phase A
(Zn7Si205(0OH)e) and clinopyroxene (ZnSiOs), synthesized from hemimorphite (ZnsSi>O7(OH), H-0) at 9
GPa, 500 °C. The two *H NMR peaks and two 2°Si NMR peaks are attributable to Zn-phase A.

Fig. 4. Crystal structure of Zn-phase A.
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