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INTRODUCTION

The epidote-group minerals are important constituents in a
wide range of geologic environments. In regionally metamor-
phosed metabasites, these minerals are important Ca,Al-bear-
ing silicate phases and generally replace anorthitic plagioclase,
which becomes unstable at low temperatures or high pressures
(see review by Deer et al. 1986). Epidote-group minerals are
also common to skarn assemblages and as vein-hosted prod-
ucts of hydrothermal alteration. They are also key minerals in
low-pressure geothermal systems and have been observed as a
primary magmatic phase. Despite their widespread occurrence
and detailed study over the years, the understanding of epidote
stability, thermodynamic properties and reaction behavior re-
mains incomplete. This situation is largely due to the sluggish
nature of reaction kinetics that plague experimental studies, as
well as the commonly complex chemical zoning and non-equi-

librium textures found in natural samples, which make petro-
genetic interpretation difficult.

The chemical series extends between the Al end-members
zoisite/clinozoisite [Ca2Al3Si3O12(OH)] and pistacite
[Ca2Fe3+

3Si3O12(OH)]. Natural epidotes are typically constrained
to the Al-rich third of this join, between the compositions
Ca2Al3Si3O12(OH) and Ca2Al2Fe3+Si3O12(OH). The mineral
group can be subdivided into two distinct solid solution series.
The zoisite series, which has a very limited amount of Fe3+

substitution, rarely exceeding 5 mol% of the pistacite compo-
nent (Deer et al. 1986), and the clinozoisite series, which ex-
tends from 0 to at least 33 mol% pistacite.

Several crystal structure studies using X-ray and neutron
diffraction have been carried out on clinozoisite and zoisite
(e.g., Ito et al. 1954; Dollase 1968, 1971; Gabe et al. 1973;
Carbonin and Molin 1980; Stergiou and Rentzeperis 1987;
Smith et al. 1987; Kvick et al. 1988; Bonazzi and Menchetti
1995; Grevel et al. 2000). The two structures are compared in
Figure 1. Both structures contain M-(O,OH)6 octahedral chains
linked by independent SiO4 and Si2O7 groups. In zoisite, which
is orthorhombic, there is only one type of chain with two dis-
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ABSTRACT

Enthalpies of drop solution in molten lead borate have been measured for a series of four zoisite
and 12 clinozoisite samples, spanning both epidote solid solutions. Mixing within the zoisite series
between 0.0 and 0.2 XAl2Fe appears to be ideal. The enthalpy of drop solution varies between 493.0 ±
3.2 and 496.0 ± 3.6 kJ/mol with a slight increase with increasing Fe content, based on a linear fit to
the data. The clinozoisite solid solution shows more complex behavior. The enthalpy of drop-solu-
tion for samples between 0.28 and 0.65 XAl2Fe varies between 491.7 ± 4.2 and 500.7 ± 3.0 kJ/mol and
shows significant scatter. For samples between 0.65 and 0.95 XAl2Fe, the drop solution enthalpies
increase abruptly, going from 494.3 ± 3.4 to 521.1 ± 5.4 kJ/mol. End-member drop solution values
for Fe-free zoisite were estimated by the linear fit and for clinozoisite by assuming a fictive Fe-free
end-member, taking into account the estimated energy of the monoclinic-orthorhombic transition,
and by extrapolation of the Fe-rich data to XAl2Fe = 1. Standard enthalpies of formation from the
elements for Fe-free zoisite, Al-clinozoisite, and Fe-clinozoisite have been calculated based on the
present data and data from the literature. The values are ∆Hf,298.15

0,zoi  = –6878.5 ± 6.8 kJ/mol; ∆Hf,298.15
0,Al-czoi

= –6882.5 ± 6.9 kJ/mol; ∆Hf,298.15
0,Fe-czo

 = –6461.9 ± 6.8 kJ/mol. The overall trend in the drop solution data
reflects an apparent positive enthalpy of mixing for the clinozoisite series, consistent with the pres-
ence of a miscibility gap in the series between about 0.5 and 0.8 XAl2Fe. An attempt to fit the highly
asymmetric enthalpy of mixing data with a two-parameter asymmetric Margules mixing model,
however, failed to yield realistic values for the interaction parameters and the solvus closure tem-
perature. The significant scatter in the data, between XAl2Fe = 0.0 and 0.65, may be due to short-range
ordering, suggested by Fehr and Heuss-Assbichler (1997), or could be due to different states of
metastable disorder in the samples. The steep increase in enthalpy going from XAl2Fe = 0.65 to 1.0 the
may be due to the effect of possible increasing Fe3+-Al3+ disorder among the M1 and M3 octahedral
sites. The break in slope of the enthalpy data occurs at or near the composition where the onset of
Fe3+ disorder had been observed previously in clinozoisite.


