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Report:
Muscovite (K-mica, Ms) and paragonite (Na-mica, Pg) are common minerals in metamorphic rocks,
and are extremely useful as petrogenetic indicators. Between these two end-members, there is a partial solid
solution with a slightly asymmetric unmixing solvus. There have been many attempts by petrologists to use
the partitioning of Na and K between coexisting Ms and Pg as a geothermometer. However, this quantitative
geothermometer is not completely successful, difficulties arising from using solvi that are not accurate
enough to model the thermodynamic properties. Inasmuch as the exact shape of the solvus and its changes
with pressure and temperature are not well known, thermometric estimates are often inconsistent. The molar
volumes of the terms along Ms-Pg join and how they change with pressure and temperature must be exactly
known before a more accurate phase diagram can be drawn. Recent studies by Comodi and Zanazzi (1995;
1997) contributed to the knowledge of the molar volumes of muscovite and paragonite and their variation
with P through compressibility measurements on single crystals in a diamond anvil cell at room temperature.
These data, together with thermal expansion coefficients measured at 1 bar (Symmes, 1986; Guggenheim et
al., 1987; Catti et al, 1989) allowed to define an approximate equation of state for K- and Na-dioctahedral
micas in the PT space. However, this only indicates volumetric behaviour at the boundaries of the P-T
conditions achieved in rocks in the Earth’s crust. To determine what really happens to Pg-Ms micas when
they form and react in deep-seated geologic environments, it is essential to measuring compressibilities at
high temperatures to determine if there are any “non-linear effects” when both P and T are high.
The powder diffraction measurements on samples of 2M1 polytypes of Ms and Pg were performed at
the beamline ID30 of ESRF (Grenoble), by using the Paris-Edinburgh cell (Besson et al., 1992; Mezouar et
al., 1996). 2-D diffractograms were collected by using an angle-dispersion set-up by a MAR3450 Imaging
Plate and integrated to ordinary diffractograms using the FIT2D program (Hammersley et al., 1996).
Temperature was gauged by a CrAl thermocouple, while NaCl was used as pressure internal calibrant,
determining the pressure by means of its EOS (Birch, 1986). Measurements were performed along four
isotherms between 298 and 873K, in the pressure range 0-6 GPa, with intervals of about 0.7 GPa. Cell

parameters were determined by means of a full profile fitting, available with the GSAS software package
(Larson and Von Dreele, 1986), on three phases (mica, NaCl and BN).
The data analysis is still in progress, so we report in Fig.1 and Fig. 2 some preliminary results for
paragonite and muscovite. In the figures the cell volumes on different isotherms and at different pressures are
reported.
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The bulk moduli of Ms, calculated as the inverse of the linear compressibility coefficient obtained
from the least-squares fitting of V–P data on each isotherm, were: 68(2), 64(2), 61(2) and 58(2) GPa on the
isotherms at 298, 573, 723 and 873 K respectively. The value of (∂KT/∂T)P was -0.017(1) GPa K-1. The
thermal expansion coefficient α varied from 36(3) 10-6 K-1 at P ambient to 20(3) 10-6 K-1 at P = 4 GPa (
(∂α/∂P)T = -4.00 10-6 GPa-1K-1).
The corresponding values for Pg on the isotherms at 298, 423, 723 and 823 K were: bulk moduli
70(1), 67(2), 65(1) and 63(1) GPa, (∂KT/∂T)P -0.011 (1) GPa K-1. The thermal expansion coefficient α
varied from 44(3) 10-6 K-1 at P ambient to 31(3) 10-6 K-1 at P = 4 GPa ( (∂α/∂P)T = -3.25 10-6 GPa-1K-1).
References:
Besson, J.M., Nelmes, R.J., Hamel, G., Loveday, J.S., Weill, G., Hull, S. (1992) Neutron powder diffraction
above 10 GPa. Physica B, 180&181, 907-910.
Birch, F. (1986) Equation of State and thermodynamic parameters of NaCl to 300 kbar in the high
temperature domain. J. Geophys. Res. 91, 4949-4954.
Catti, M., Ferraris, G., Ivaldi, G. (1989) Thermal strain analysis in the crystal structure of muscovite at
700 °C. Eur. J. Mineral., 1, 625-632.
Comodi, P., and Zanazzi, P.F. (1995) High pressure structural study of muscovite. Phys. Chem. Minerals,
22, 170-177.
Comodi, P., and Zanazzi, P.F. (1997) Pressure dependence of structural parameters of paragonite. Phys.
Chem. Minerals, 24, 274-280.
Guggenheim, S., Chang, Y.H., Koster Van Groos, A.F. (1987) Muscovite dehydroxylation: high temperature
studies. Am. Mineral., 72, 537-550.
Hammersley, A.P., Svensson, S.O., Hanfland, M., Fitch, A.N., Hausermann, D. (1996) Two-dimensional
detector software: from real detector to idealised image of two-theta scan. High. Press. Res. 14,235-248.
Larson, A.C., Von Dreele, R.B. (1986) GSAS: general software analysis system manual. Los Alamos Nat.
Lab. Report. LAUR, 86-87.
Mezouar, M., Besson, J.M., Syfosse, G., Itiè, J.P., Hausermann, D., Hanfland, M. (1996) Phase diagram of
InSb at high pressures and temperatures. Phys. Status Solidi (b) 198, 403-407.
Symmes, G.H. (1986) The thermal expansion of natural muscovite, paragonite, margarite, pyrophyllite,
phlogopite, and two chlorites: the significance of high T/P volume studies on calculated phase equilibria. B.
A. Thesis, Amherst College, Amherst, Massachusetts.

