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INTRODUCTION

Hydrogen storage in dense hydrous magnesium silicates
(DHMS) may play an important role in the global hydrogen
cycle. Phase E, one of the DHMS, can contain up to 18 wt%
H2O and could be a potential carrier of water in a minor part of
cold subducted oceanic lithosphere between approximately 350
and 500 km (e.g., Shieh et al. 2000). If phase E is present, it
might then be an important link in a chain of hydrous phases
that could ultimately result in hydration of the mantle transi-
tion zone. A possible natural occurrence of phase E as nanom-
eter-sized inclusions in olivine from kimberlitic nodules was
reported by Khisina and Wirth (1997).

Kanzaki (1991) discovered phase E as part of a high-pres-
sure phase relation study in the system Mg(OH)2-SiO2 above
13 GPa. Phase E, generally synthesized at 13–15.5 GPa and
1000–1200 °C, possesses unique crystal chemical features. This
non-stoichiometric hydrous silicate with variable composition
and density has a cation-disordered crystal structure with a type
of long-range disorder not observed before in crystalline sili-
cates (Kudoh et al. 1993; Kanzaki et al. 1992). Kudoh et al.
(1993) investigated the crystal structure of phase E with X-ray
and electron diffraction. The structure, refined in space group
R3m, consists of layers with brucite-type units cross linked by
Si in tetrahedral coordination, Mg in octahedral coordination,
and hydrogen bonds. All three cation positions (Mg1, Mg2,
and Si) appear to be partially occupied with the pattern of va-
cancies and interlayer cations ordered locally in tens-of-ang-
strom-sized domains (Kudoh et al. 1993). There is no long-range
order in the occupation of these sites; Mg and Si are distrib-

* E-mail: annettek@earth.ox.ac.uk
† andrew@earth.ox.ac.uk

Raman spectroscopic studies of phase E to 19 GPa

ANNETTE K. KLEPPE,1,* ANDREW P. JEPHCOAT,1,† AND NANCY L. ROSS2

1Department of Earth Sciences, University of Oxford, Parks Road, Oxford OX1 3PR, U.K.
2Department of Geological Sciences, Virginia Polytechnic Institute and State University, Blacksburg, Virginia 24061, U.S.A.

ABSTRACT

Raman spectra of phase E have been measured between 100 cm–1 and 4000 cm–1 in a diamond-
anvil cell to 19 GPa at 300 K. We observe several broad bands in the region below 1200 cm–1 and
three bands in the OH stretching region. All modes shift continuously with increasing pressures to 19
GPa and there is no indication for a major change in the crystal structure of phase E. First constraints
on hydrogen sites and hydrogen bond strengths are derived from the OH frequencies together with
their pressure dependencies and the correlation of OH stretching frequencies with O···O bond dis-
tances. The 3429 cm–1 band decreases linearly with pressure at –7.8 cm–1/GPa and is clearly involved
in hydrogen bonding. The corresponding O···O distance at ambient conditions is estimated to be
around 2.82 Å. The 3617 cm–1 band shows a positive pressure trend allowing only very weak or
absent hydrogen bonds. Corresponding O···O distances would be greater than 3 Å.

uted statistically throughout an essentially close-packed sub-
structure of oxygen atoms. Phase E compresses nearly
isotropically, which is uncommon for layered type structures,
and shows the lowest bulk modulus (K0T≈93 GPa; Shieh et al.
2000; Crichton and Ross 2000) of any DHMS. Despite its dis-
ordered structure, phase E is a stable high P-T phase and quench-
able to ambient conditions.

Liu et al. (1997) show a Raman spectrum of phase E in-
cluding its pressure and temperature dependence. The spec-
trum appears nearly identical to forsterite below 1000 cm–1,
and the mode they observed in the OH region was not detect-
able at pressures above 1 bar. The ambient-pressure Raman
spectrum of phase E reported by Frost and Fei (1998) and Shieh
et al. (2000) shows very different structure, including several
broad features between 80 cm–1 and 1200 cm–1 and a broad OH
stretching band at 3630 cm–1 (Frost and Fei 1998) and 3613
cm–1 (Shieh et al. 2000), respectively. The OH stretching fre-
quency region of phase E with a mode at 3624 cm–1 was also
measured by Ohtani et al. (1995). In this paper we report Raman
spectra in the region from 100 cm–1 to 4000 cm–1 on single
crystals of phase E measured in a diamond-anvil cell with He
as the pressure-transmitting medium to 19 GPa at room tem-
perature. This study represents the first high-pressure Raman
spectroscopic characterization of phase E to pressures corre-
sponding to up to 550 km depth in the Earth’s mantle.

EXPERIMENTAL METHODS

Phase E was synthesized from a 2:1 mixture of brucite:quartz
sealed in a platinum capsule and held at 14 GPa and 1100 °C
for 3 hours using a multi-anvil press at the Bayerisches
Geoinstitut, Bayreuth, Germany. Single crystals were mounted
on an Enraf-Nonius Cad4 diffractometer and confirmed to be
Phase E with rhombohedral (R) symmetry (Kudoh et al. 1993).
Unit-cell parameters, a = 2.975(1) Å, c = 13.908(4) Å, and V =


