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INTRODUCTION

Chlorite occurs in a large variety of rocks. It is stable over 
a wide range of P-T conditions, and its chemical composition 
depends on its conditions of formation. Vidal et al. (2001) pro-
posed a four-component model (Mg-amesite = Mg-Am, clino-
chlore = Clin, daphnite = Daph, and sudoite = Sud) to explain 
the three main substitutions observed in natural chlorite, i.e., 
Fe = Mg (FM), di/trioctahedral (DT): VI2AlVI = 3(Mg, Fe2+)VI 

and Tschermak (TK): SiIV(Mg, Fe2+)VI = AlIVAlVI  substitutions. 
Application of this model to natural examples (e.g., Vidal and 
Parra 2000; Trotet et al. 2001; Vidal et al. 2001; Bosse et al. 
2002; Le Hebel et al. 2002; Parra et al. 2002; Arkai et al. 2003) 
suggests that a multi-equilibrium approach involving several 
chlorite end-members makes the estimation of paleo-pressure 
and paleo-temperature conditions possible for high-variance 
parageneses (>1). In the most favorable cases, the temperature 
of chlorite formation can be estimated from the location of the 
temperature-dependent equilibrium 2 Clin + 3 Sud = 4 Mg-Am + 
7 Qtz + 4 H2O; that is, from the composition of chlorite associated 
with quartz. Such P-T estimates are appealing in the case of 
rocks devoid of low-variance assemblages. Another advantage 

of this approach is that it provides information about the state 
of thermodynamic equilibrium for the phases used to estimate 
the P-T conditions. However, temperatures estimated with few 
equilibria are very sensitive to the assumed activity of water, 
as well as errors in end-member thermodynamic properties and 
activities. Until recently, no experimental data were available on 
the P-T dependency of the TK substitution in 14 Å Fe-chlorite. 
For this reason, the standard-state thermodynamic properties of 
the Fe-chlorites daphnite [Daph: Si3Al2Fe5O10(OH)8] and Fe-
amesite [Fe-Am: Si2Al4(Fe)4O10(OH)8], and the magnitude of 
non ideal interactions between Al and Fe (Margules parameter 
WG

AlFe) could be constrained with natural data only (e.g., Holland 
et al. 1998; Vidal et al. 2001). The reequilibration experiments 
of Parra et al. (2005) on the composition of Fe-chlorite in equi-
librium with different divariant assemblages partly Þ ll the lack 
of experimental constraints. 

In the present contribution, the experimental results of Parra 
et al. (2005) are combined with natural data selected from the 
literature to constrain the thermodynamic properties of Fe-ames-
ite. These properties are used to: (1) to calculate and discuss the 
phase relations of chlorite and the extent of the TK substitution 
as a function of P, T, and fO2

 in the FeO-Al2O3-SiO2-H2O system; 
(2) discuss the possible extent of Al3+ for Fe3+ substitution in 
natural samples; and (3) estimate metamorphic conditions of a * E-mail: ovidal@ujf-grenoble.fr
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ABSTRACT

The standard-state thermodynamic properties of 14 Å Fe-amesite [Fe4Al4Si2O10(OH)8] were calcu-
lated from the reequilibration experiments of Parra et al. (2005) and natural data bearing on the Fe-Mg 
partitioning between chlorite and chloritoid over a wide range of pressure (P), temperature (T), and 
rock composition. The combination of these data with the three-site mixing model and thermodynamic 
properties of daphnite proposed by Vidal et al. (2001) led us to reappraise the evolution of the Margules 
parameter WG

AlFe with pressure and temperature. The new data [H0fFe-Am = �7 607 460 J/mol, S0
Fe-Am = 

514.8 J/(mol·K), V0
Fe-Am = 20.90 J/bar, WG

AlFe = 1200 � 31T + 0.7(P � 1)] are compatible with all the 
natural data and reequilibration experiments, and in fair agreement with the results of synthesis. They 
are used to calculate the compositional evolution of chlorite with T, P, or aO2 at different bulk-system 
compositions. The calculated phase relations and chlorite compositions are compared with previous 
experiments conducted in the FeO-Al2O3-SiO2-H2O system. The addition of the Fe-amesite end-member 
increases the number of equilibria that can be calculated for any natural assemblage involving chlorite. 
Two independent equilibria are obtained for natural (Fe-Mg)-chlorite-quartz or diaspore assemblages. 
It is therefore possible to estimate metamorphic conditions for high-variance assemblages from the 
composition of chlorite. We discuss the reliability of such P-T estimates using natural chlorites oc-
curring in low-pressure and low-temperature or medium- to high-pressure and temperature samples. 
Assuming that the proposed model and thermodynamic parameters are correct, these various natural 
data suggest that XFe3+ [= Fe3+/(Fe2+ + Fe3+)] in metamorphic chlorites is low (<0.1), whereas it can be 
as high as 0.3 in Si- and Mg-rich chlorites formed at low-P-T conditions.


