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Volume measurements of zoisite at simultaneously elevated pressure and temperature
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ABSTRACT

Unit-cell parameters of zoisite, Ca2Al3Si3O12(OH), have been measured at simultaneously
high pressures and temperatures (up to 6.1 GPa and 800 8C) in a Walker-style multi-anvil
apparatus at the synchrotron radiation source at Daresbury Laboratory, U.K. Measurements
were made in a series of heating cycles at increasing loads. Sample pressure, measured
using an internal NaCl standard, increased during heating. Cell parameters vary smoothly
with pressure and temperature; individual expansivities and compressibilities vary in the
order c . b . a. Isothermal bulk moduli were calculated from the volumes measured at
30, 200, 400, 600, and 800 8C by fitting the Murnaghan equation of state to each isothermal
data set. This assumes K9 5 4. Ambient-pressure volumes calculated from previous mea-
surements of thermal expansivity of zoisite were included in the Murnaghan fits. A linear
fit of the bulk moduli with temperature gave values for the bulk modulus at 298 K, K298

5 125(3) GPa, and its variation with temperature, ]KT /]T 5 20.029(6) GPa K21. K298 is
slightly higher than the recent value for a single crystal in a diamond-anvil cell, indicating
a lower maximum pressure stability of zoisite than would be calculated using that value.
Our data allow zoisite volumes to be calculated at P-T conditions relevant to the Earth
and show that, in a typical subduction zone, zoisite becomes more dense as subduction
proceeds, helping to stabilize it to high pressures.

INTRODUCTION

Knowledge of the stabilities of hydrous minerals in the
Earth is an important requirement for understanding man-
tle processes and properties. For example, hydrous mag-
mas can result from dehydration-melting reactions in the
mantle and may lead to explosive volcanism; earthquakes
can be triggered by dehydration reactions; seismic and
rheological properties are affected by the presence of hy-
drous phases; and the evolution of the Earth’s H2O budget
over time depends on the ability of mantle phases to store
H2O. To place constraints on the scope of these processes,
the P-T positions of reactions in which potentially im-
portant high-pressure hydrous phases are involved must
be determined.

Some high P-T reactions can be investigated directly
in phase-equilibrium experiments, but the information
thus provided is limited to the compositional system and
to the particular P-T conditions studied. Extrapolation to
relevant mantle compositions and P-T conditions then re-
quires the use of thermodynamic data. One of the most
important thermodynamic parameters for high P-T cal-
culations is the unit-cell volume of a mineral. Its variation
with pressure and temperature is described by its equation
of state (EOS), with three components: (1) compressibil-
ity at ambient temperature, (2) thermal expansivity at am-
bient pressure, and (3) cross derivative terms describing
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the effect of pressure on thermal expansivity, equivalent
to the effect of temperature on compressibility. For ac-
curate thermodynamic calculations, each component
should be measured at relevant P-T conditions. However,
relevant experimental conditions are often inaccessible,
and the third component, which requires volume mea-
surements to be made while the sample is subjected to
simultaneous high pressure and high temperature, is often
estimated. Fortunately, recent developments of high P-T
apparatus suitable for in situ experiments now allow such
measurements. The usual technique is to use a multi-anvil
apparatus and synchrotron radiation (e.g., Meng et al.
1993; Martinez et al. 1996). The multi-anvil apparatus is
useful because a wide range of pressures and tempera-
tures can be applied to the sample (e.g., up to 7.9 GPa,
1273 K in the study of Martinez et al. 1996), pressures
and temperatures can easily be controlled and measured,
large sample volumes permit collection of high quality
data, pressure distributions close to hydrostatic can be
achieved, and the synchrotron beam has relatively easy
access to and from the sample.

This paper describes high P-T volume measurements
on zoisite, one of several hydrous phases that recent stud-
ies have suggested could be stable at considerable depth
in the Earth, particularly in subduction zones (e.g., Paw-
ley 1994; Pawley and Wood 1995; Schmidt and Poli
1994; Ulmer and Trommsdorff 1995). Here, oceanic
lithosphere generated at mid-ocean ridges is recycled into


