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ABSTRACT
In-situ high pressure X-ray diffraction of phase E (free of secondary phases) measured up to 14.5
GPa shows that phase E is stable over this pressure range at room temperature. The pressure dependence of the lattice parameters are a = 2.967 – 0.011P + 0.0001P2 and c = 13.886 – 0.054P + 0.001P2
(P is in GPa). A least-squares fit to third-order of Eulerian strain theory yields a bulk modulus KT0 for
phase E of 93 (±4) GPa and pressure derivative K'T0 of 5 (±1). The bulk modulus obtained by this
study is about 10% lower than that obtained by Brillouin scattering. Phase E appears to have the
lowest bulk modulus among DMHS. The OH stretching frequency of 3613 cm–1 indicates weak, if
any, hydrogen bonding. The associated O-O distance of phase E is estimated to be 3.00–3.10 Å.

INTRODUCTION
Phase E belongs to the family of dense hydrous magnesium
silicates (DHMS) that can form by the reaction of H2O with
nominally anhydrous minerals (NAMs) thought to be present
in the Earth’s mantle. A number of experimental studies have
established the P-T stability fields of DHMS (Ringwood and
Major 1967; Liu 1987; Kanzaki 1991; Gasparik 1993; Irifune
et al. 1998; Frost and Fei 1998; Shieh et al. 1998) confirming
their potential role in transporting water into the transition zone,
and possibly into the lower mantle as well. The introduction of
H2O into the deep mantle, residing in DHMS or via partitioning between DHMS and NAMs, has far reaching consequences
for the rheology (Karato et al. 1986; Hirt and Kohlstedt 1996),
electrical conductivity (Karato 1990), and melting relations
(Luth 1993; Kawamoto et al. 1996) of the mantle.
Phase E was first described by Kanzaki (1991). It occurred
between approximately 13 to 17 GPa and 800 to 1000 °C in a
bulk composition of 2 Mg(OH)2 + SiO2. Melting of phase E
was observed between 1000 and 1300 °C. Subsequent studies
using Mg2SiO4 + 2 H2O as a starting material (Inoue et al. 1995;
Ohtani et al. 1995; Frost and Fei 1998) confirmed the results
of Kanzaki (1991). Phase E was also reported as a high-pressure breakdown product of serpentine (Shieh and Ming 1996;
Irifune et al. 1998) and as a subsolidus phase in water-saturated peridotite KLB-1 (Kawamoto et al. 1996; Kawamoto and
Holloway 1997). Thus, phase E could be a potential carrier of
water in the subducted oceanic lithosphere between approximately 350 to 500 km in a sufficiently cold subduction regime
in which serpentine forms DHMS containing assemblages (cf.
Irifune et al. 1998).
Recently, Khisina and Wirth (1997) reported a possible occurrence of phase E as nanometer-sized inclusions in olivine
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from kimberlitic nodules. The crystal structure of phase E was
studied by Kudoh et al. (1993) who found that phase E is
nonstoichiometric and does not possess a long-range ordered
structure, thus representing a new class of cation-disordered
silicates. Based on refined site occupancies, Kudoh et al. (1993)
gave the formula Mg2.08Si1.16H3.20O6 and Mg2.17Si1.01H3.62O6 for
two samples, with Mg/Si ratios of 1.79 and 2.15 respectively.
These ratios are closer to Mg/Si of the forsterite-H2O join than
Mg/Si ratios of the other DHMS. Given the evidence for a disordered structure, Kudoh et al. (1993) questioned the thermodynamic stability of phase E. Luth (1993) observed a decrease
in the modal amount of phase E with increasing run time in
experiments using the same starting material as Kanzaki (1991)
and took this as an indication for metastability. We conducted
the present in-situ X-ray diffraction to study the behavior of
phase E at high pressure. In particular, we address the question
whether the unusual long-range disorder is an intrinsic feature
of the phase E structure at high pressure or a result of quench
modification.

EXPERIMENTAL METHOD
Phase E was synthesized at 14.5 GPa and 1000 °C in a
Walker-type multi anvil press using a 2:1 mixture of brucite
and SiO2 as starting material (Kanzaki 1991). The composition
of phase E was analyzed with the electron microprobe (JEOL
Superprobe) using pure synthetic MgO and SiO2 as standards
and a beam current of 5 nA with a rastered beam of 20 µm in
order to minimize beam damage. Assuming the deficit in analytical totals to be H2O, the average composition (n = 12) of
phase E is 38.1(3) wt% SiO2, 48.4(3) wt% MgO, and 13.6(3)
wt% H2O, which is equivalent to Mg2.23(1)Si1.18(1)H2.80(6)O6 when
normalized to 6 O atoms (Kanzaki 1991) and the Mg/Si ratio is
about 1.89. Raman spectra were recorded from unoriented crystals of phase E using Ar+ 488 nm with 30 mW power and 1000
second collecting times. The spectrum shows peaks at 242, 444,
684, 864, 937, and 1507 cm–1 with a single broad peak in the

