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Equation of state of dense hydrous magnesium silicate phase A, Mg7Si2O8(OH)6
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ABSTRACT
The isothermal equation of state (EoS) of phase A, Mg7Si2O8(OH)6, has been determined using
high-pressure single-crystal X-ray diffraction. A third-order Birch-Murnaghan EoS fit to pressurevolume data collected from room pressure and temperature to 7.6 GPa results in V0 = 512.56(3) Å3,
K0 = 97.5(4) GPa, and K' = 5.97(14). Compression of the hexagonal (P63) structure is anisotropic
with the c axis, which is perpendicular to the distorted close-packed planes of anions, approximately
23% less compressible than the a axis: Ka = 90.1(5) GPa with Ka' = 5.4(2) and Kc = 116.8(9) GPa with
K'c = 7.5(3). The bulk modulus of phase A is intermediate between those of brucite (Br) and forsterite
(Fo) and less than those of hydroxylclinohumite and hydroxylchondrodite, in a manner that is entirely
consistent with its water content and density in relation to the Fo-Br series of minerals.

INTRODUCTION
Dense hydrous magnesium silicate (DHMS) phases may
play an important role in the transfer and storage of water in
the Earth’s mantle and transition zone. Hydrous minerals along
the forsterite-brucite join in the MgO-SiO2-H2O (MSH) system
contain several hydrated phases, including hydroxylclinohumite,
hydroxylchondrodite, and the DHMS phase A. With the inherent difficulties in synthesizing hydrous phases and elucidating
consistent phase boundaries in the MSH system (e.g., Luth
1995; Wunder 1998; Pawley and Wood 1996), it is of great
importance that thermodynamic parameters such as the compressibility of DHMS phases are obtained. From these we can
estimate the contribution of the volume to the Gibbs free energy and, with independent measurements of heat capacities
(e.g., Cynn et al. 1996), enthalpy and entropy terms, we can
calculate phase diagrams and estimate stability regimes for
associated DHMS (e.g., Pawley et al. 1995; Bose and Navrotsky
1998).
Phase A was first synthesized between 7.5 and 18 GPa and
temperatures of 525–750 ∞C by Sclar et al. (1967) and between
10 and 15 GPa and 600–1100 ∞C by Ringwood and Major
(1967), where the name phase A was first applied. Yamamoto
and Akimoto (1974) determined the correct formula of phase
A from reconnaissance studies between 2.9 and 7.7 GPa and
temperatures between 470–1225 ∞C. Phase A has also been
shown to be stable below 3 GPa (Pawley and Wood 1996) and
to be bound by the reaction:
Mg7Si2O8(OH)6 = 3Mg(OH)2 + 2Mg2SiO4
phase A
brucite
forsterite

(1)

at low pressures (between P ~ 4.8–5.5 GPa and T ~545–680
∞C), and
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Mg7Si2O8(OH)6 = 2Mg(OH)2 + Mg5Si2O4(OH)2
phase A
brucite
hydroxylchondrodite

(2)

at higher temperatures. A maximum stability pressure of phase
A was attained by Kanzaki (1991) at 15 GPa with T < 1000 ∞C,
above which it formed phase B + brucite. Further work by
Yamamoto and Akimoto (1977) indicated that the phase A field
could be extended to lower temperatures (by <200 ∞C) by addition of enstatite, which then breaks down to release forsterite
+ vapor water at low pressures and phase E at higher pressures
(Kanzaki 1991). Ohtani et al. (1995) describe a composition of
phase A + clinoenstatite + H2O (in the system Mg2SiO4 + 20.4
wt% H2O) which breaks down to form forsterite + clinoenstatite
+ melt phase at maximum conditions of approximately 14 GPa
and 1000 ∞C. The maximum temperature stability of phase A
occurs at approximately 1100 ∞C and 11 GPa (Burnley and
Navrotsky 1996; Yamamoto and Akimoto 1977) and is limited
by a reaction involving phase B + brucite and a fluid phase.
This decomposition, at pressures exceeding 15 GPa (Burnley
and Navrotsky 1996), excludes phase B in favor of an assemblage containing superhydrous B + brucite and a fluid phase.
The crystal structure of phase A remained unknown until it
was identified as having hexagonal P63 symmetry by Horiuchi
et al. (1979). Although phase A is part of the chemical series
based on mMg2SiO4 + nMg(OH)2, it is not part of the structurally based xMg2ySiy–1O4y–4(OH)4 humite system and is the only
intermediate phase along Fo-Br to have m/n < 1. The structure
of phase A is based on a slightly distorted ABCB HCP array of
O2– and OH– in which one-half of the available octahedral sites
are filled and one-fourteenth of the tetrahedral sites are occupied (Horiuchi et al. 1979). Perpendicular to c two types of
layers make up the structure: three symmetrically non-equivalent octahedral Mg sites and three tetrahedral Si sites (Fig. 1).
M3 and T1 are on the triad axis and the T2 lies on the 63 axis.
The M2 octahedron shares edges with other symmetrically
equivalent M2 octahedra forming an Mg3O13 group around the
63 axis. This group is linked to others like it by edge-sharing
with the M3 octahedra, resulting in a (001) layer (Fig. 1a). The
T1(Si) tetrahedra are located at the interstices of the network
and share corners with M2 octahedra. A second set of Mg3O13

