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INTRODUCTION

In the recent years, many authors have been interested in 
the stability range and decomposition of chlorite, because this 
mineral is among the hydrous phases having a role in the upper 
mantle mass transport and melting processes. Provided enough 
aluminum is present in descending material (such as the pelitic 
oceanic sediment), H2O can be stored in hydrous minerals as law-
sonite, staurolite, epidote, and chlorite (Poli and Schmidt 2002), 
other than in serpentine (Ulmer and Trommsdorff 1995). As a 
consequence, the breakdown of these phases will determine the 
actual dehydration of the slab. Chlorite contains around 13 wt% 
of water and also in a limited amount could strongly inß uence 
the slab buoyancy. There are few experimental studies on the 
stability conditions of chlorite. The most thermally stable chlo-
rite composition is clinochlore, nominally Mg5Al2Si3O10(OH)8, 
but many compositions show both Tschermak�s and Fe-Mg 
substitution.

Recently, petrological experiments (Fumagalli and Poli 2005) 
in the Na2O-CaO-FeO-MgO-Al2O3-SiO2-H2O (NCFMASH) 
found that the presence of Fe shifts the thermal stability of 
chlorite toward lower temperatures, as compared with phase 
equilibria in the simpler system MASH. Pawley (2003) has 

recently bracketed the reaction clinochlore + enstatite = fors-
terite + pyrope + H2O up to 5 GPa. At P/T higher than 4.8 GPa 
and 680 °C, an Al-bearing 10 Å phase was found to grow at the 
expense of chlorite (Fumagalli and Poli 2005), deÞ ning a new 
reaction leading to the disappearance of chlorite. As a conse-
quence, the reaction involving chlorite and 10 Å phase should 
represent a critical step in the generation of ß uids relevant for 
arc-magmatism.

Chlorite is a widespread family of di- and trioctahedral layer 
silicates. The trioctahedral chlorite structure can be described 
as formed by double layers of talc-type, negatively charged 
2:1 layers, with ideal composition (R2+,R3+)3(Si4�xAlx)O10(OH)2 
separated by interlayer brucite-type octahedral layers [positively 
charged, with composition (R2+,R3+)3(OH)6; Bailey 1988]. The 
electrostatic interactions and a system of hydrogen bonding 
between T-O-T layer and O-interlayer contribute to the stabil-
ity of the structure. Different T-O-T and O layer sequences are 
possible, creating a large number of different polytypes (Bailey 
1988). The triclinic IIb-4 polytype, with symmetry C1�, and 
the monoclinic IIb-2 polytype, with symmetry C2/m are the 
most abundant regular stacking one-layer chlorites occurring 
in nature. The triclinic structure was reÞ ned and described by 
several authors (X-ray diffraction: SteinÞ nk 1958; Phillips et al. 
1980; Zheng and Bailey 1989; Joswig and Fuess 1990; Neutron 
diffraction: Joswig et al. 1980). The monoclinic structure was * E-mail: zanazzi@unipg.it
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ABSTRACT

We present the results of a single-crystal X-ray diffraction structural study of chlorite in a diamond 
anvil cell up to 5.47 GPa. The sample is a clinochlore from Val Malenco, Italy, triclinic polytype IIb-4, 
S.G. C1�, with pseudomonoclinic metric and composition (Mg9.14Fe2+

1.02Fe3+
0.01 Mn0.01Ti0.01Al1.76)Σ=11.95(Si6.32 

Al1.68)Σ=8O20(OH)16. Structural reÞ nements were performed at several pressures with intensity data col-
lected on a CCD diffractometer. Unit-cell parameters were accurately measured with the point-detector 
mounted on the same instrument.

The bulk modulus of chlorite Þ tting data to a third-order Birch-Murnaghan equation of state is 
K0. = 88(5) GPa with K' = 5(3). Results are in fair agreement with data based on powder neutron and 
synchrotron diffraction methods. The axial compressibility values were β0a

EoS = 3.4(2), β0b
EoS = 3.4(1), 

and β0c
EoS = 5.4(2) 10�3 GPa�1. The metric of the lattice remains triclinic in the investigated pressure 

range. Axial anisotropy is strongly reduced with respect to the axial compressibilities observed in 
other phyllosilicates. Comparison of structural reÞ nements at different pressures shows that the 
main structural deformations affect the interlayer region, where the hydrogen bonds are relevant to 
the structural properties of the phase. The mean decrease of the OH-O distances is about 10% from 
ambient pressure to ~5 GPa. 

Compressibility data may be combined with those on thermal expansion to formulate an equation 
of state for clinochlore. Taking into account the thermal expansion coefÞ cient reported in literature 
for a chlorite with a composition quite similar to that of our sample, we can write the equation: V = 
V0 (1 � 1.14 10�2 ∆P + 2.316 10�5 ∆T), where P is in GPa and T in Celsius. Assuming an average rock 
density of 2.7 g/cm3, this corresponds to an isochoric P-T geothermal gradient of 18 °C/km.
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