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INTRODUCTION

Chloritoid is a characteristic mineral of Al-rich, low-tem-
perature metapelitic rocks. This orthosilicate has the general
formula (Fe,Mg)2(Al, Fe3+)Al3 [(SiO4)2O2(OH)4]. Fe-rich
chloritoid is characteristically found in rocks of low metamor-
phic grade, whereas magnesiochloritoid is a key mineral in high-
pressure pelitic blueschists (e.g., Chopin 1983; Chopin and
Monié 1984; Simon et al. 1997; Messiga et al. 1999). Due to
their restricted occurrences, Fe- and Mg-chloritoid are impor-
tant geobarometric and geothermometric markers. The stabil-
ity of Fe-chloritoid has been investigated by Ganguly (1969),
Rao and Johannes (1979), and Vidal et al. (1994), whereas the
stability of Mg-chloritoid was examined by Chopin (1985).
These experimental data were used in internally consistent da-
tabases to derive thermodynamic parameters for chloritoid
(Gottschalk 1997; Chatterjee et al. 1998; Holland and Powell
1998). However, the results are not entirely consistent. For
example, the entropy ranges from 303 (Chatterjee et al. 1998)
to 352 J/(mol◊K) (Helgeson et al. 1978) for Fe-chloritoid and
from 264 (Holland and Powell 1998) to 284 J/(mol◊K) (Vidal
et al. 1999) for Mg-chloritoid. To date, the thermodynamic prop-

erties of chloritoid have not been measured directly.
Thermodynamic data such as heat capacity and entropy can

be calculated from vibrational spectroscopy (Kieffer 1979,
1980). In this approach, the measured IR and/or Raman spec-
tra are used to construct a model for the density of states. The
advantage of this method is that only a small sample amount is
needed. If the spectra are collected from powders, then the
model usually reproduces heat capacities CP to within 5% at
298 K and 1% at 700 K (Cynn et al. 1996). Complete IR spec-
tra and accurate band assignments improves the accuracy to
~0.5% (Hofmeister and Chopelas 1991). Infrared spectra of
natural, monoclinic, and triclinic chloritoid have been reported
by Moenke (1962), Fransolet (1978), and De Grave et al. (1984)
from ~400–4000 cm–1. Chopin et al. (1992) obtained IR spec-
tra of synthetic magnesiochloritoid from 200 to 4000 cm–1.
However, IR bands could exist at lower frequency, and these
can strongly influence the calculations.

This paper presents the first far- to near-IR spectra of tri-
clinic (Fe,Mg)-chloritoids at ambient condition and as a func-
tion of pressure. We utilized synchrotron IR radiation to obtain
an excellent signal-to-noise ratio, which is crucial for the in
situ measurements at high pressure. All 42 IR active modes
were observed and assigned to atomic motions based on these
data and supplementary information from chemical substitu-
tions. With these assignments we constructed the density of* E-mail: mkoch@gfz-potsdam.de
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ABSTRACT

Using IR radiation from a synchrotron source, high-quality absorbance spectra were obtained
from polycrystalline powder of chloritoid (cld) from ambient conditions up to pressures of 10 GPa
over 50 to 4000 cm–1. The idealized chemical composition of the chloritoid group is
M2Al4O2(SiO4)2(OH)4 where M = Fe or Mg in our experiments. All of the 42 expected fundamental
IR modes were observed. These data, combined with the response of the IR bands to substitutions of
Fe for Mg, and of D for H, constrained the band assignments. Heat capacity (CP) and entropy (So) for
the triclinic and monoclinic polymorphs of Fe- and Mg-cld were calculated from the Kieffer-type
model, using our detailed band assignments. The calculated heat capacity and entropy for the mono-
clinic and triclinic polymorphs differ negligibly. The results at temperatures above 298 K are de-
scribed by the following polynomial expressions in J/(mol◊K): CP = 7.835 ◊ 102 – 5.170 ◊ 103T–0.5 –
1.648 ◊ 107T–2 + 1.934 ◊ 109T–3 for Mg-cld and CP = 7.848 ◊ 102 – 5.185 ◊ 103T–0.5 – 1.548 ◊ 107T–2 +
1.783 ◊ 109T–3 for Fe-cld. At room temperature, So = 293 J/mol◊K for Mg-cld and 335 J/mol◊K for Fe-
cld. These values differ somewhat from entropy estimated from various internally consistent data-
bases (–3 to –9% for Mg-cld and –9 to +5% for Fe-cld). However, using our new So and CP values in
conjunction with the enthalpy of formation, Hf = –7101 kJ/mol for Mg-cld or Hf = –6422 kJ/mol for
Fe-cld (estimated in this study), we can closely reproduce the experimental data for the reactions
Mg-chloritoid + talc = clinochlore + kyanite (Chopin 1985) and Fe-chloritoid = almandine + di-
aspore + water (Vidal et al. 1994).




