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Abstract
We present high-pressure infrared spectra of two geologically important hydrous minerals: talc,
Mg3Si4O10(OH)2, and lawsonite, CaAl2Si2O7(OH)2·H2O, at room temperature. For lawsonite, our data
span the far infrared region from 150 to 550 cm–1 and extend to 25 GPa. We combine our new spectroscopic data with previously published high-pressure mid-infrared and Raman data to constrain the
Grüneisen parameter and vibrational density of states under pressure. In the case of talc, we present
high-pressure infrared data that span both the mid and far infrared from 150 to 3800 cm–1, covering
lattice, silicate, and hydroxyl stretching vibrations to a maximum pressure of 30 GPa. Both phases
show remarkable metastability well beyond their nominal maximum thermodynamic stability at
simultaneous high-pressure and high-temperature conditions.
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Introduction
The high-pressure stability of hydrated metamorphic phases
and their importance in transporting water into Earth’s deep
interior is well appreciated (e.g., Poli and Schmidt 1995; Williams and Hemley 2001). Yet, the manner in which hydrogen
is retained within these phases is a topic of considerable uncertainty. In particular, the role of hydrogen bonding (and its
pressure dependence) in stabilizing these metamorphic phases
at high pressure remains unclear. Among metamorphic phases
stable to high pressures, talc, Mg3Si4O10(OH)2, and lawsonite,
CaAl2Si2O7(OH)2·H2O, represent two different means of sequestering hydrogen. In the former case, talc is a chemically simple
layer silicate, with the hydroxyl unit oriented nearly perpendicular to the layers (Serratosa and Bradley 1958; Wilkins and Ito
1967) and weak hydrogen bonding (Loh 1973; Rosaco and Blaha
1980). Indeed, talc has functioned as a prototypical model for
the bonding behavior of trioctahedral layer silicates. In contrast,
lawsonite contains both hydroxyl units and water molecules, and
it has both weak and intermediate strength hydrogen bonding
(Daniel et al. 2000; Labotka and Rossman 1974; Libowitzky
and Armbruster 1995; Libowitzky and Rossman 1996; Scott
and Williams 1999).
From a geologic perspective, talc is a frequent alteration
product in ultramafic assemblages, although its precise petrologic importance in such assemblages at high pressures has
been questioned (Liou and Zhang 1995; Schmidt and Poli 1998).
Nevertheless, it may be present in more silica-rich compositions
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at high pressures (e.g., Bose and Ganguly 1995; Jenkins and
Chernosky 1986). Lawsonite is known as the primary hydrous
phase in hydrated meta-basalt between 3 and 8–11 GPa at
temperatures below ~800 °C (Okamoto and Murayama 1999;
Poli and Schmidt 1995). As such, it likely plays a critical role
in the transport of water into Earth’s deep interior through the
subduction process.
The effect of pressure on the vibrational spectrum of lawsonite has been examined in both the mid-infrared region and
in the Raman spectrum to pressures of ~20 GPa (Daniel et al.
2000; Scott and Williams 1999): the far-infrared spectrum of
lawsonite has, however, not been probed under pressure. The
vibrations in this spectral range are related to translations of the
water molecule, as well as being critical for the thermochemical
properties of lawsonite. In contrast, three Raman spectra of talc
have been collected to a maximum pressure of 3.5 GPa (Holtz
et al. 1993), and its infrared spectrum has not been examined
under pressure.
Here, we present both mid- and far-infrared data on talc to
pressures of 29 GPa, and on the far-infrared spectrum of lawsonite to 25 GPa. The former data allow us to constrain the effect of
pressure on hydrogen bonding in talc, as well as to probe the response of this layer silicate to compression. In particular, whether
any high-pressure polymorphism occurs in talc, as is known to
occur in lawsonite and in the layered silicate muscovite (Daniel
et al. 2000; Faust and Knittle 1994; Scott and Williams 1999) is
unknown. With respect to lawsonite, these new data allow us to
fully constrain the contributions of different vibrational modes to
the thermodynamic properties of lawsonite, as well as examine
the effect of high-pressure polymorphism on the low-frequency
vibrational spectrum of this geologically important phase.
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