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INTRODUCTION

Biotite is the primary H2O reservoir in high-temperature
crustal rocks such as metapelites and metagreywackes (e.g.,
Grant 1985; Stevens et al. 1997), and is the essential reactant
for the formation of S-type granitic melts by fluid absent (“de-
hydration”) melting at low to medium pressures (e.g., Brown
and Fyfe 1970; Vielzeuf and Holloway 1988). Thus, full un-
derstanding of the crystal-chemical changes of biotite as a func-
tion of pressure, temperature, and other physical-chemical
variables is required for a correct modeling of magma genera-
tion and mass-transfer processes in the upper crust. Improving
knowledge of biotite crystal chemistry can also help to refine
the models of biotite thermodynamic properties used in nu-
merical simulations.

In metapelites, biotite shows significant departures from the
stoichiometric Annite-Phlogopite (Ann-Phl) binary solution,
K(Fe, Mg)3AlSi3O10(OH)2. Some of them, such as the
Tschermak exchange [(Fe, Mg)SiAl–2] occur within the model
pelitic system KFMASH, i.e., within the “ideal biotite plane”

(Guidotti 1984); many others involve non-KFMASH compo-
nents and site vacancies. A comprehensive discussion of the
crystal-chemical variations and exchange mechanisms in meta-
morphic biotites can be found in Dymek (1983), Guidotti
(1984), Dyar et al. (1991), and Henry and Guidotti (2002). In
this paper, we focus on the substitution of Ti in biotite, which
is one of the most important, especially because it shows a clear
dependence upon temperature (e.g., Guidotti et al. 1977; Patiño
Douce et al. 1993).

Chemical analyses from natural metapelites and experimen-
tal runs show that at temperatures approaching melting, biotite
may contain up to 6 wt% TiO2 (e.g., Stevens et al. 1997; Cesare
2000). Comparison of the melting behavior of biotite in Ti-
free and Ti-bearing experiments (Patiño Douce and Johnston
1991; Stevens et al. 1997), has shown that the presence of Ti
increases the upper limit of biotite stability of up to 80 ∞C,
reinforcing the idea that Ti may exert a role on the thermal
stabilization of biotite (Dymek 1983; Guidotti 1984).

The possible exchange mechanisms by which Ti enters the
biotite lattice have been discussed in detail (review in Waters
and Charnley 2002). All of them consider Ti in octahedral co-
ordination, and the most important are:* E-mail: bernardo.cesare@unipd.it
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ABSTRACT

Titanium-rich biotites from graphite-bearing metapelitic xenoliths, equilibrated at ca. 850 ∞C and
7 kbar in the presence of a granitic melt, have been studied through complete chemical analysis and
single-crystal XRD refinements. The chemical study combines EMP analyses, hydrogen determina-
tion by both SIMS and C-H-N elemental analysis, and Mössbauer spectroscopy. Biotites in the ana-
lyzed xenoliths have TiO2 contents ranging from 4.5 to 4.9 wt% and an XFe of 0.67. Their F and Cl
contents are negligible, and Fe3+/Fetot ranges from 10 to 16%. The H2O content of the biotites ranges
from 2.4 to 2.8 wt%, and a small fraction of H is accommodated in the lattice as NH4. Based on these
full chemical analyses, the calculated OH occupancy is 1.26 to 1.30 groups per formula unit, more
than one third less than the stoichiometric value.

The entrance of Ti in the octahedral site of biotite is consistent with the Ti-oxy exchange, whereas
Ti-Tschermak or Ti-vacancy substitutions play a very minor role. The Fe3+-oxy exchange cannot
account for the observed OH deficiency.

From single-crystal XRD, biotites belong to the 1M polytype and contain variable amounts of
stacking faults. The c cell parameter, K-O4 and <K-O>outer distances provide an independent esti-
mate of the OH content, which agrees with SIMS determinations. The linear relationship between
VITi4+ and the bond-length distortion of the cis-M2 octahedron reveals the partitioning of Ti4+ in M2,
and the Ti4+ off-center shift toward O4 supports the occurrence of the Ti-oxy exchange. The ordering
of Ti4+ over two non-equivalent M2 sites, which would be favored energetically, is in agreement
with the evidence for a third octahedral site suggested by Mössbauer spectroscopy. The biotite dehy-
drogenation combined with the partitioning of Ti4+ in M2 and the low thermal expansion of Ti4+-
containing octahedra, are the keys to understanding the thermal stabilization of Ti substitution in
biotites.




