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INTRODUCTION

In recent years, there has been considerable interest in the
high-pressure stability of hydrous phases. Experimental stud-
ies have shown that some hydrous metamorphic minerals are
stable to much greater depths in the Earth than previously
thought, and that a range of new hydrous phases can be synthe-
sized up to very high pressures. Much of the interest in these
phases centers on processes in subduction zones, where dehy-
dration is responsible for earthquakes and explosive volcan-
ism, and where the high-pressure stability of hydrous phases
determines the depth to which water can be recycled into the
Earth’s mantle and the amount of recycling that can take place.
The increased study of hydrous phases at high pressure also
reflects the increased availability and precision of high-pres-
sure apparatus, as well as a greater need for precise thermody-
namic data, both to predict mineral behavior in the Earth, and
to compare with increasingly precise geophysical data.
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ABSTRACT

The compressibilities of five sheet silicates—three chlorite compositions, pyrophyllite, and talc—
have been measured in situ using energy-dispersive powder diffraction in a multi-anvil apparatus at
the synchrotron radiation source, Daresbury Laboratory, U.K. Some high-temperature data were
also collected. The three chlorite samples were a natural Mg-rich chlorite [Mg4.49Fe0.28

Cr0.12Al2.10Si2.95O10(OH)8], a natural Fe-rich chlorite [Mg0.28Fe4.11Al2.71Si2.77O10(OH)8], and a synthetic
clinochlore [Mg5Al2Si3O10(OH)8]. The compressibility data for all three samples, measured up to
between 3 and 6 GPa, can be fit to a single equation of state with a bulk modulus of 86.9(16) GPa
(using K ' = 4). The thermal expansivity measured for the natural Mg-chlorite [a0 = 2.5(6) ¥ 10–5/K]
is similar to previous measurements on various chlorite compositions, suggesting that the thermal
expansivity of chlorite also can be described by a single equation, independent of composition. The
bulk modulus of the natural pyrophyllite [Al2Si4O10(OH)2], measured up to 6.3 GPa, is 37(3) GPa,
with K ' = 10(1). The few high-temperature points agree with previous measurements. The natural
talc [Mg3Si4O10(OH)2], measured up to 6.2 GPa, has a bulk modulus of 41(4) GPa, with K '  = 6(2).

Our bulk modulus of chlorite is much higher than previously determined using X-ray diffraction.
This finding explains why calculations of chlorite reactions using the previous data considerably
overestimate its stability when compared to experimentally determined reaction positions. The pyro-
phyllite compressibility data should be useful in calculations of metamorphic reactions involving
this mineral. The talc data are essentially identical to previous measurements.

One of the most important thermodynamic parameters of a
mineral is its equation of state (EOS), i.e., the pressure- and
temperature-dependence of its unit-cell volume. This is essen-
tial for calculating the P-T conditions of mineral reactions. In
the past, the EOS often has been estimated, particularly in the
case of hydrous minerals where few EOS measurements have
been made, and for which the reaction calculations have been
performed at relatively low pressures and temperatures. How-
ever, with the recent realization that many hydrous phases could
be stable to considerable depths in the mantle, the need to mea-
sure EOSs up to higher pressures and temperatures has been
recognized. This paper reports measurements made on three
samples of chlorite (two natural and one synthetic), and natu-
ral samples of pyrophyllite and talc. One of the reasons for
measuring chlorite was to be able to compare reaction calcula-
tions using the new data with the results of recent phase-equi-
librium experiments on a chlorite dehydration reaction (Pawley,
in preparation). Pyrophyllite was studied because its compress-
ibility has not been measured previously. The compressibility
of talc has been measured recently in a diamond-anvil cell us-
ing synchrotron radiation (Pawley et al. 1995), and so the new
talc data provide a useful comparison of techniques. Further-
more, because the samples are all sheet silicates, comparison
of their EOSs should assist in interpreting bonding character-
istics and compression mechanisms.


