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Vibrational spectra of dense, hydrous magnesium silicates at high pressure: Importance of
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ABSTRACT
Changes in configuration and hydrogen bonding are inferred from the complex responses of
peak parameters (frequency, width, height, and area) to compression for various hydroxyl groups
in dense, hydrous magnesium silicates (DHMS). Stretching frequencies (νi) depend not only on
both O-H...O bond length but also bond angle, which suggests a need to re-examine frequencystructure relationships at 1 atm. For phase B [Mg12VISiIVSi3O19(OH)2], ν of the most intense OH–
peak determined from IR spectra at nearly hydrostatic pressures (P) decreases to a minimum at 5
GPa, and then rises to a broad maximum near 35 GPa, whereas ν of the other intense peak decreases to a broad minimum near 30 GPa. This behavior shows that compression of phase B initially moves O19 toward H2 on O21 and rotates H1 about O20 away from O19 and toward O21
inside the triangle of O atoms, thus increasing the H1-O20-O19 bond angle (from 12 to 21° at 37
GPa). H-H repulsion rotates H2 outside of the triangle by 11° at 37 GPa. Changes in O-O bond
length and H-O-O angle calculated from the trends of OH frequency with increasing pressure are
consistent with the relatively incompressible layer of SiO4 tetrahedra. Widths, areas, and heights
of the hydroxyl peaks also increase with P (whereas areas of the lattice modes are constant), with
H1 being much more affected: This response suggests that the H1 bond bends further with compression. Raman spectra of stoichiometric OH– modes in superhydrous phase B [Mg10VISiIVSi2O14
(OH)4] roughly parallel these trends, consistent with similarly paired hydroxyls with bent bonds.
For phase A [Mg7IVSi2O8(OH)6], the Raman OH– bands depend linearly on P, and with constant
peak height with slopes similar to those observed for weak stretching modes of trace H in phase B.
This behavior is common and is associated with linear hydrogen bonds and unpaired OH– groups.
Combining our data with previous results reveals systematic, linear relationships of dν/dP|i0 with ν
that suggest high-polyhedral bulk moduli for DHMS.
Most frequencies of 31 mid-IR lattice modes for phase B depend linearly on curvature is seen
for several modes. Raman frequencies of lattice modes from superhydrous phase B (shyB) and
phase A depend linearly on P.

INTRODUCTION
Hydrogen, if present in the Earth’s mantle, affects basic properties such as rheology and processes such as melting and, therefore, the stability of hydrous phases at high pressure and temperature is of great interest (e.g., Luth 1993). A significant number of dense hydrous magnesium silicates are stable near 20
GPa (cf. Prewitt and Finger 1992). The structural role of H is
difficult to determine directly through X-ray diffraction (XRD):
Thus, complementary information provided by spectroscopy on
speciation, concentration, and bonding of H are essential. Several dense, hydrous magnesium silicates (DHMS) have been
characterized at 1 atm by infrared (IR) and Raman spectroscopy (Cynn et al. 1996 and references therein), and by nuclear
magnetic resonance (NMR) methods (Phillips et al. 1997). Also,
some spectra have been obtained at P or at temperature (Williams 1992; Faust and Williams 1996; Liu et al. 1997a, 1997b).
E-mail: Hofmeist@levee.wustl.edu
0003-004X/99/0300–454$05.00

454

This study presents nearly hydrostatic thin-film infrared absorption spectra of phase B and Raman spectra of phase A and
superhydrous phase B (shyB) at pressure. Changes in the peak
parameters of the OH bands with P depend crucially on the
OH…O bond distance and angle: The importance of the latter
parameter was heretofore unrecognized, mainly because systematic studies were performed at 1 atm (e.g., Mikenda 1986).

EXPERIMENTAL METHODS
Samples were synthesized using the USSA-2000 uniaxial
split sphere apparatus in the Center for High Pressure Research,
SUNY, Stony Brook as described by Burnley and Navrotsky
(1996). Phases were characterized by powder XRD and electron microprobe analyses. Grains of phase B, ~5–10 µm across,
were taken from a synthesis at 12 GPa and 1154 °C that also
contained olivine and chondrodite (the latter was below the XRD
detection limit). Grains of shyB, ~100–400 µm across, were
taken from a run at 16 GPa and 1172 °C that contained some

