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Abstract
Cr -bearing clinozoisite along the join Ca2Al3Si3O12(OH)-Ca2Al2Cr3+Si3O12(OH) was synthesized
using cold-seal pressure vessels at PH2O = 0.35 to 0.40 GPa and T = 500 °C and a piston-cylinder apparatus at PH2O = 0.8 to 1.5 GPa and T = 500 to 800 °C. Gel-starting materials of Ca2Al3–qCr3+
q Si3O12.5
composition with q = 1.00, 0.75, 0.50, and 0.25 were employed to maximize the yields of clinozoisite.
Mass fractions of clinozoisite in the experimental products with q = 0.50, 0.75, and 1 were about 70
to 90% along with lesser amounts of eskolaite, garnet, and quartz. Clinozoisite crystallized from the
gel with q = 0.25 was associated only with zoisite. The crystal structures of clinozoisite in four runs,
containing 0.28, 0.49, 0.50, and 0.62 Cr apfu were refined using X-ray powder diffraction data and the
Rietveld method. The amount of Cr3+ at the octahedral M3 and M1 sites ranged from 0.37(1)–0.16(1) to
0.25(1)–0.12(1) apfu, respectively. Corresponding KD = (Cr3+/Al)M1/(Cr3+/Al)M3 values range between
0.57 and 0.73. The M2 site contained only Al. The KD values, and published results for intracrystalline partitioning in epidote and piemontite, show that the preference of Cr3+ for M1 is stronger than
that of Fe3+ and Mn3+ in spite of the fact that most Cr3+ is partitioned into M3. Unit-cell parameters
of clinozoisite increase with increasing Cr3+. Variations in macroscopic unit-cell parameters can be
related to variations in the local M3-Oi and M1-Oi distances.
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Introduction
The epidote-amphibole facies is an integral part of the
metamorphic facies concept (Eskola 1920), and epidote-group
minerals in the system Ca2Al3Si3O12(OH)-Ca2Al2Fe3+Si3O12(OH)Ca2Al2Mn3+Si3O12(OH) often occur in low- to medium-grade metamorphic mafic assemblages, hydrothermally altered rocks, and
low-temperature veins and joint fillings (Deer et al. 1986). Cr3+containing clinozoisite and epidote, Ca2(Al,Cr3+)3Si3O12(OH), are
less common, but they have been reported from several localities
worldwide (e.g., Eskola 1933; Grapes 1981; Ashley and Martyn
1987; Treloar 1987; Sánchez-Vizcaíno et al. 1995; Devaraju et
al. 1999; Nagashima et al. 2006). The term “tawmawite” was
proposed years ago for Cr3+-analog of epidote (Bleeck 1907).
However, its composition does not show epidote-group stoichiometry, and no epidote-group mineral with Cr > 0.5 atoms per
formula unit (apfu) at M3 has been confirmed. Thus, it is not
considered as a valid species name (Armbruster et al. 2006).
Several synthesis and/or phase-equilibrium studies on
Ca 2Al 3Si 3O 12(OH)-Ca 2Fe 33+Si 3O 12(OH), Ca 2Al 3Si 3O 12(OH)Ca2Mn33+Si3O12(OH), and Ca2Al3Si3O12(OH)-Ca2Fe33+Si3O12(OH)Ca2Mn33+Si3O12(OH) epidote-group solid solutions have been
carried out to investigate their stability relations and/or crystalchemical properties (Coes 1955; Fyfe 1960; Winkler and Nitsch
1963; Strens 1964; Holdaway 1966, 1972; Liou 1973; Anastasiou
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and Langer 1977; Keskinen and Liou 1979, 1987; Schiffman and
Liou 1983; Giuli et al. 1999; Akasaka et al. 2000; Langer et al.
2002; Brunsmann et al. 2002; Nagashima and Akasaka 2004;
Nagashima 2006). However, to the best of our knowledge, there
have been no systematic investigations of synthetic Cr-bearing
epidote-group minerals. To understand their crystal-chemical
properties and the partitioning behavior of Cr among the three
crystallographically distinct octahedral sites, M1, M2, and M3,
Nagashima et al. (2007) investigated three natural Cr3+-bearing
epidote crystals from Iratsu, central Shikoku, Japan. Using X-ray
single-crystal diffraction, 57Fe Mössbauer spectroscopy and optical spectroscopy, they determined that Fe3+ much prefers M3 over
M1 and M2, whereas Cr3+ showed less preference as indicated
by KD = (Cr3+/Al)M1/(Cr3+/Al)M3 = 0.35–0.41. However, because
the Iratsu epidote also contained about 0.5 Fe3+ apfu and other
cations such as Sr (0.08–0.15 apfu), it was difficult to determine
quantitatively the effect of Al-Cr3+ exchange on crystal-structure
properties. Armbruster et al. (2006) cited preliminary X-ray
results for natural Cr3+-containing clinozoisite that indicated a
slight preference of Cr3+ for M3 relative to M1.
In the present study, strictly binary Ca2Al3Si3O12(OH)Ca2Al2Cr3+Si3O12(OH) solid solutions were synthesized to
determine the distribution behavior of Cr3+ and its effect on the
clinozoisite crystal structure. We discuss herein (1) results of
synthesis experiments on Cr3+-bearing clinozoisite; (2) X-ray
powder structural refinements on four Cr3+-bearing clinozoisite
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