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The equation of state of lawsonite to 7 GPa and 873 K, and calculation of its high pressure
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ABSTRACT
The volume of lawsonite, CaAl2Si2O7(OH)2.H2O, has been measured up to 7 GPa and 873 K
using in situ energy dispersive powder diffraction and a multi-anvil high pressure-temperature cell
at the Synchrotron Radiation Source, Daresbury Laboratory, U.K. Measurements were made on
isotherms at 298, 323, 373, 473, 573, 673, 773, and 873 K within the pressure range. Sample pressure was measured from a NaCl standard mixed with the sample; the unit-cell volume of lawsonite
was taken from the same diffraction pattern. The data gave an ambient temperature isothermal bulk
modulus of K298 112 ± 6 GPa, similar to previous values. This value overestimates the temperature
stability of lawsonite in thermodynamic calculations. A fit of the Birch-Murnaghan equation of state
to the whole high pressure and temperature data set gave an isothermal bulk modulus of K298 = 125
±5 GPa and a dK/dT of –0.01 ± 0.01/K, with K' set to a value of 4 and the expansivity set to 3.16 ×
10–5/K. Using these values to calculate the pressure-temperature positions of three of lawsonite’s
dehydration reactions improved the agreement between observed and calculated positions of the
lawsonite dehydration reactions to within experimental and calculation error. This work shows that
the ambient temperature bulk modulus and ambient pressure expansivity do not adequately describe
the volume behavior of lawsonite at combined high pressure and temperature.

INTRODUCTION
Water has a significant effect on the physical and chemical
properties of materials; for example it alters rheological properties and lowers solidus temperatures, allowing mantle melting under relatively low-temperature conditions. Significant
amounts of water are carried into the mantle at subduction zones
in hydrous minerals formed in oceanic crust (Peacock 1990).
The stabilities of these minerals therefore have a strong control over processes in subduction zones. Such stabilities may
be investigated directly by phase-equilibrium experiments, but
the results and their application are limited to the compositions and pressure-temperature conditions studied. An alternative way of determining mineral stabilities in any particular
composition is through thermodynamic calculation. When used
in crustal studies, the uncertainties in the thermodynamic data
may be insignificant. Uncertainties are however likely to increase with pressure and temperature, and so for deep Earth
studies, it is important that thermodynamic data are measured
at the pressures and temperatures of interest.
Volume behavior is commonly ascertained by measurement
of the compressibility at ambient temperature and the
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expansivity at ambient pressure using X-ray diffraction techniques. To obtain volumes at high pressure and temperature
the effect of temperature on the compressibility is then estimated. This approach was for a long time the only one available due to the difficulty of measuring unit-cell volumes at
combined high pressure and temperature. However, recent developments in high-pressure techniques using multi-anvil apparatus, which are capable of attaining the appropriate
experimental conditions, and use of synchrotron radiation
sources with multi-anvil apparatus provide for in situ high pressure-temperature measurements (e.g., Meng et al. 1993;
Martinez et al. 1996; Pawley et al. 1998). Diamond-anvil cells
are also often used, particularly because developments in the
heating of diamond-anvil cells now allow high-pressure measurements at high temperatures (e.g., Fei and Mao 1993), but
multi-anvil apparatus has the advantage over diamond-anvil
cells of larger sample volumes and lower thermal and pressure
gradients.
Lawsonite [CaAl2Si2O7(OH) 2·H2O] is particularly interesting for its high total water content (11.5 wt%), water being
stored as both H2O and OH, because it is common in blueschist
facies metabasalts, which are assumed to be samples of subducted oceanic crust. Deep sea drilling has strengthened this
assumption with the observation of lawsonite, entrained in serpentine mud diapirs and extruded onto the ocean floor, in an
active subduction zone setting (Maekawa et al. 1993).
Lawsonite may be stable to greater than 10 GPa (Pawley 1994;
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