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ABSTRACT
Microprobe analysis of tremolite from “St. Gotthard,” Switzerland, shows that it is close to endmember in composition (Ca = 1.97 apfu), and not hypercalcic (Ca = 2.16 apfu), as a previous wetchemical analysis suggested. The latter formula, and a corresponding thermodynamic activity (0.67),
were used in the experimental database for the extraction of an optimal set of thermodynamic properties for tremolite (Chernosky et al. 1998). We derive a revised enthalpy of formation of tremolite
(–12307.9 kJ/mol) based on bracketing experiments for the breakdown reactions of tremolite and
tremolite + forsterite, and the assumption of time-averaged effective equilibrium compositions of
phases in the experimental charges. Mg-cummingtonite substitution in tremolite is accommodated
during free-energy minimization calculations by allowing the stoichiometry of the standard-state
reaction to vary with the changing bulk composition of the amphibole. The breakdown temperature
of tremolite is lowered with increasing cummingtonite component. Our procedure also allows continuous variation in the equilibrium compositions and activities of pyroxene and amphibole phasecomponents with P and T.

INTRODUCTION
We provide a microprobe analysis of tremolite from “St.
Gotthard,” Switzerland, a sample that has figured prominently
in experimental phase-equilibrium studies of tremolite equilibria. Our analysis indicates a formula content for Ca of 1.97
atoms per formula unit (apfu), which is considerably different
from the value of 2.16 apfu derived from a previous wet-chemical analysis (Slaughter et al. 1975), a number that is improbable for an otherwise pure tremolite. The wet-chemical analysis
has been cited in many studies of tremolite phase equilibria,
including a recent attempt to derive the thermodynamic properties of standard-state tremolite (Chernosky et al. 1998). In
light of this problem, we provide a revised assessment of the
thermodynamic properties of end-member tremolite.
To retrieve the properties of tremolite from high-TP bracketing experiments on tremolite equilibria, impurities in the
tremolites used, including the Mg-cummingtonite component
(Mg replacing Ca), have in the past been corrected for by using
activities based on ideal on-site mixing models. Such corrections to the standard-state reaction free-energy probably suffice for equilibrium shifts caused by minor impurities such as
F, Fe, Na, and Al in the starting tremolite. Here, we use a freeenergy minimization approach employing “subMELTS”
(Asimov and Ghiorso 1998), a subsolidus version of MELTS
(Ghiorso and Sack 1995). The free-energy minimization technique accommodates the Mg-cummingtonite substitution by
adjusting the standard-state Gibbs free-energy of reaction to
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correspond to the bulk composition of the reacting tremolite,
hence to a varying reaction stoichiometry. A simple activity
M4 2
) , leaves the
correction for added Mg, for example, atrem = (XCa
standard-state reaction stoichiometry unchanged and, on its
own, increases the stability limit of tremolite. In our approach,
the stability limit of tremolite decreases as Mg is introduced.
This result is intuitively sensible because the breakdown temperature of Mg-cummingtonite (Ghiorso et al. 1995; Evans and
Ghiorso 1995) is on the order of 100 °C lower than that of
tremolite (~800 cf. 900 °C). Free-energy minimization also
accommodates the P- and T-dependent variation in the activity
coefficients of the participating phase-components, which in
some cases depart significantly from unity as a consequence of
wide miscibility gaps.

ST. GOTTHARD TREMOLITE
A sample of tremolite from “St. Gotthard” has been used
repeatedly in phase-equilibrium experiments (Slaughter et al.
1975; Eggert and Kerrick 1981; Skippen and McKinstry 1985;
Chernosky and Berman 1988; Chernosky et al. 1998) designed
to constrain the phase relations and thermodynamic properties
of the amphibole end-member tremolite (Holland and Powell
1990; Gottschalk 1997; Chernosky et al. 1998). The same material was also used in high-temperature calorimetry (Krupka
et al. 1985), but (fortunately) these authors did not correct the
high-T heat capacity of tremolite for deviations from the ideal
chemical composition. This sample appears never to have been
analyzed with the electron microprobe. Instead, the results of a
wet-chemical and emission spectrographic analysis conducted
at Pennsylvania State University (Slaughter et al. 1975) have
been cited, in these and other papers. This analysis showed
that the tremolite was suitably poor in Ti, Al, Mn, Na, K, and F

