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abStract

The kinetics of the Fe-oxidation/deprotonation process in a natural Fe-rich phlogopite from Mt. 
Vulture (Potenza, Italy) was studied under isothermal conditions by in situ high-temperature single-
crystal X-ray diffraction. Isothermal annealing experiments were performed at five temperatures in 
the range 640–750 °C on five crystals with similar chemical composition and lattice parameters. The 
Fe-oxidation/deprotonation process at high temperature occurs with a reduction of unit-cell parameters 
and cell volume. The changes in unit-cell parameters measured at high temperature and during cooling 
show that the same degree of Fe-oxidation/deprotonation process was achieved at all temperatures. 
Changes in unit-cell parameters with temperature and time show that the kinetics of Fe-oxidation/
deprotonation in phlogopite follows an exponential law, and the temperature dependence follows the 
Arrhenius relation. A kinetic analysis was performed and good agreement was obtained with the one-
dimensional diffusion model. An apparent activation energy of 195(4) kJ/mol was determined.
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introduction

Water plays a fundamental role in many geological processes. 
For example, water is reintroduced in the Earth’s mantle during 
subduction. Release of water during subduction is responsible 
for metasomatism and partial melting of the overlying mantle 
wedge, and associated volcanic activity at the surface. The be-
havior of hydrous mineral phases (capable of storing water in 
their structures as OH– or H2O) under different physical-chemical 
conditions is important to understand the structural mechanisms 
and rates at which water is released.

Micas are common rock-forming phases, present in a great 
variety of geological environments and involved in many pet-
rogenetic reactions occurring in fluid-absent melting processes 
(Vielzeuf and Schmidt 2001) and in mineral-fluid interactions 
(Zeng et al. 1990). Micas contribute significantly to the storage 
and release of water in the mantle through complex reactions 
(Virgo and Popp 2000). Nevertheless, although detailed infor-
mation is present regarding how mica crystal structures respond 
to temperature (Brigatti and Guggenheim 2002; Zanazzi and 
Pavese 2002 and references therein), few data exist on the ki-
netics of the dehydration process. Previous studies emphasize 
dioctahedral micas, where a “pure” dehydroxylation process 
occurs: two hydroxyl groups belonging to a coordination octa-
hedron are replaced by one residual O atom and a molecule of 
H2O is released (e.g., Guggenheim et al. 1987), thus producing 
a change in coordination from six to five about the Al cations. 
The kinetics of dehydroxylation in muscovite was studied by 

several techniques. Mazzucato et al. (1999) and Tokiwai and 
Nakashima (2010) proposed that the process is rate-limited by 
mono-dimensional diffusion along c* and determined an activa-
tion energy of ~251 and ~290 kJ/mol, respectively.

The Fe-bearing trioctahedral micas undergo a simple deproto-
nation process, before dehydroxylation at near 1100 °C (Vedder 
and Wilkins 1969). This process is controlled by Fe-oxidation, 
i.e., Fe2+ cations in the octahedral sheet are oxidized to Fe3+ 
and one H atom is released. The redox reaction is written as: 
(Fe2++OH–)mica ↔ (Fe3++O2–)mica + ½H2↑, and the direction of 
the reaction contributes to the uptake and release of hydrogen. 
Deprotonation in Fe-bearing trioctahedral micas was investigated 
by Tsvetkov and Val’yashikhina (1956), who analyzed biotite 
in an inert atmosphere at 500–900 °C. Mössbauer and infrared 
spectroscopies examined changes in the local and electronic 
environment of hydroxyl groups and in the oxidation state of 
octahedral Fe cations. Oxidation of Fe2+ to Fe3+ occurs in biotite 
with simultaneous loss of hydrogen at T ~400 °C in air (Vedder 
and Wilkins 1969; Hogg and Meads 1975), and is delayed by 
the under-stoichiometry of O2 in vacuum (Sanz et al. 1983). 
Ferrow (1987) observed that cis sites (M2) oxidize more readily 
than trans sites (M1) in synthetic annite and ferriannite. Dif-
fraction techniques were used to investigate structural changes 
and phase transitions induced by heat treatment on Fe-bearing 
natural and synthetic trioctahedral micas, and particularly on 
phlogopite. After studies on synthetic fluorophlogopite (Takeda 
and Morosin 1975), reduced and hydrogenated biotite (Takeda 
and Ross 1975), and oxidized (oxy-mica) and hydrogen-depleted 
(Ohta et al. 1982) Fe-rich phlogopite polytypes, Russell and 
Guggenheim (1999) determined the crystal structure at various * E-mail: f.scordari@geomin.uniba.it


