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INTRODUCTION

The chlorite-group minerals are important and common rock-
forming minerals, stable over a wide range of temperature and 
pressure conditions. They occur mainly in metamorphic rocks 
such as metabasites and metapelites, but can also be found in sedi-
ments as both authigenic and diagenetic minerals. Chlorite-group 
minerals are also common in altered basic rocks and in zones of 
hydrothermal alteration around ore bodies (black walls).

Their standard entropies and heat capacities are important 
quantities for thermodynamic calculations, e.g., for pseudosec-
tion calculations or for geothermobarometry using the Fe-Mg 
distribution between garnet and chlorite (Dickenson and Hewitt 
1986; Ghent et al. 1987; Grambling 1990) or between chloritoid 
and chlorite (Vidal et al. 1999).

Henderson et al. (1983) measured the heat content of a natural 
chromian clinochlore (XFe = 0.04) by low-temperature adiabatic 
calorimetry (LTAC) and differential scanning calorimetry (DSC). 
The measurements of Henderson et al. (1983) are the basis for 
the CP-polynomial of clinochlore in the Berman (1988) data set. 
Hemingway et al. (1984) reported heat capacity data (low-TAC 

and DSC) of two natural chlorites, a clinochlore sample (XFe = 
0.18) and a chamosite sample (XFe = 0.76). The former have been 
used in the data sets of Holland and Powell (1998). Saccocia and 
Seyfried (1993) computed a CP-polynomial for chamosite using 
the estimation method of Berman and Brown (1985). Bertoldi et 
al. (2001) published heat capacities based on DSC measurement 
of two natural chlorites (XFe = 0.89 and XFe = 0.11), which were 
used for thermodynamic calculations by Grevel et al. (2005).

In the present paper, we report low-temperature heat-capacity 
data of natural chlorite samples obtained at temperatures between 
5 and 300 K. Their chemistry ranges between clinochlore and 
chamosite composition (XFe = 0.052 and 0.885). We present stan-
dard entropies and CP-polynomials for end-member chamosite 
(Fe5Al)[Si3AlO10](OH)8 and clinochlore (Mg5Al)[Si3AlO10](OH)8, 

respectively, and explore the excess heat capacities at low tempera-
ture as well as the lower stability limit of chamosite.

EXPERIMENTAL METHODS

Sample characterization
The natural chlorite-group samples were obtained from the mineral collection of 

the Department of Mineralogy, University of Salzburg (Table 1). All samples have 
been characterized by X-ray powder diffraction, by electron microprobe analyses, 
by Mössbauer spectroscopy, and by differential scanning calorimetry (Lougear et * E-mail: christian.bertoldi@sbg.ac.at
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ABSTRACT

Low- and high-temperature heat capacities of Þ ve natural chlorite-group samples were measured 
using the heat-capacity option of the Physical Properties Measurement System (Quantum Design), 
which is based on the principles of heat-pulse calorimetry, and by differential scanning calorimetry. 
Comprehensive chemical analyses were performed on these samples by electron microprobe analysis, 
by inductively coupled plasma mass spectrometry, and by Karl-Fischer titration (for H2O). The natural 
chlorites span a range in XFe from 0.052 to 0.885 with increasing Al-content due to the Tschermak 
substitution with increasing XFe.

The measured heat capacities were extrapolated to the end-member compositions of chamosite and 
clinochlore. Integration of heat-capacity data yields the calorimetric standard entropies of chamosite 
(Fe5Al)[Si3AlO10](OH)8 and clinochlore (Mg5Al)[Si3AlO10](OH)8, with values of 572.0 ± 0.2 and 
425.6 ± 0.4 J/(mol·K), respectively. The CP-polynomial for end-member chamosite is CP = 1151.7 
� 8.4564 × 103·T�0.5 � 13.206 × 106·T�2 + 15.233 × 108·T�3 [J/(mol·K)], valid in the temperature range 
of 298.15�900 K, and that for end-member clinochlore is CP = 1160.5 � 9.9819 × 103·T�0.5 � 5.9534 × 
106·T�2 + 3.8677 × 108·T�3 [J/(mol·K)], valid in the temperature range of 298.15�1000 K.

The Fe-rich chlorites exhibit an asymmetric distribution of the excess heat capacity in a plot of 
Cex

P vs. T, with a maximum at about 52 K. By analogy to annite, we interpret this peak to represent 
the magnetic ordering temperature.

Based on our standard entropy value for chamosite, the enthalpy of formation of berthierine 
(Fe2.5Al0.5)[Si1.5Al0.5O5](OH)4 was estimated as �3570.30 kJ/mol using a reported onset temperature 
of 70 °C at 16 MPa for the berthierine-chamosite polymorphic transition.
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