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INTRODUCTION

Biotites [ideally K(Fe,Mg,Al,Ti)3(AlSi3)O10(OH)2] are wide-
spread micas, involved in many petrogenetic reactions occur-
ring in a variety of natural environments ranging from igneous 
to metamorphic (Proyer 2003; Puziewicz and Johannes 1988; 
Icenhower and London 1995; Palmieri et al. 2003). Such solid 
solutions play a relevant role in ß uid-absent melting processes, 
as reviewed by Vielzeuf and Schmidt (2001), and in mineral-
ß uid interactions, as discussed by Zeng et al. (1990). Biotites 
are able to provide storage of H2O in the lithosphere, in relation 
to deformed and metamorphosed rocks (Nakashima et al. 1995). 
In particular, the assemblage biotite-orthopyroxene-Kfeldspar-
quartz is adopted to estimate H2O in magmatic and high-grade 
metamorphic rocks (Graphchikov et al. 1999). A general review 
of the role of biotites as geothermobarometers can be found in 
Fleet (2003). In the last twenty years, the study of petrogenetic 
processes has largely beneÞ ted from modeling and numerical 
simulations (Holland and Powell 1998), which have accrued 
their importance as a support to experimental activities both 
for interpretation and prediction (Wei and Powell 2004). The 
knowledge of calorimetric (see Ogorodova et al. 2005a, 2005b, 

for the case of biotite) and thermo-elastic parameters of miner-
als has grown crucial to allow a reliable modeling of stability 
and transformations of mineral phases or assemblages at high 
pressure and temperature conditions. In such a view, the inves-
tigation of the biotite behavior in terms of elastic parameters 
(bulk modulus and its Þ rst-second derivatives vs. pressure) and 
volume thermal expansion is important to properly account for 
the contribution of this mica to a multitude of reactions (Hermann 
2001; Hermann and Green 2001). Note that the compositions 
of biotites result from complex atomic replacements involving 
cations and hydroxyl group (Busigny et al. 2004; Abrecht and 
Hewitt 1988); for this reason, comparative studies on elastic and 
thermal properties of biotites are a key to set a solid basis (1) 
on one hand to the understanding of the effects due to atomic 
substitutions in trioctahedral micas, and (2) on the other hand 
to the development of a ß exible modeling which is able to Þ t a 
variety of petrological environments. 

Relatively few experimental studies aimed at enhancing 
insights into elastic and thermal properties of micas have been 
carried out to date (see for a review Zanazzi and Pavese 2002); 
such a paucity is apparent in the case of biotites [see the high-
temperature neutron powder diffraction study of Chon et al. 
(2003)]. This is presumably due to the difÞ culties in Þ nding 
appropriate single crystals free of the many defects commonly 
affecting the biotite structure (Toshihiro and BanÞ eld 2000; * E-mail: alessandro.pavese@unimi.it
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ABSTRACT

The P-V and T-V equations of state of a natural biotite sample (Mg/Fe ratio ≈ 1) have been studied 
using in-situ high-pressure (0.0001�11 GPa) synchrotron radiation powder diffraction at the European 
Synchrotron Radiation Facilities (ESRF) in Grenoble, France, and in-situ high-temperature (298�610 
K) laboratory X-ray powder diffraction. A third-order Birch-Murnaghan model [V0 = 498.7(1) Å3, 
measured value] provides the following elastic parameters: K0 = 49(1) GPa, K' = 8.1(5). The volume 
thermal expansion is satisfactorily described by a constant value resulting in 37(2) 10�6 K�1. Mössbauer 
spectroscopy proves that REDOX reactions have occurred upon heating, presumably 2(OH� + Fe2+) 
→ 2O2� + 2Fe3+ + H2

↑ and/or 4Fe2+ + 2OH� + O2 → 4Fe3+ + 3O2� + H2O. On the basis of the elastic 
and thermal parameters measured we have modeled the deformation contribution (Gdeform) to the Gibbs 
energy. The third-order Birch-Murnaghan model with V0 Þ xed at its experimental value and the model 
with reÞ ned V0 do not signiÞ cantly differ from one another in terms of Gdeform. A comparison based on 
Gdeform between biotite and phlogopite shows a better compliance to P of the former, though balanced 
in mineral reactions by a difference of molar volume, i.e., V0(biotite) > V0(phlogopite). 
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