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INTRODUCTION

Two-mica, strongly peraluminous granites are considered
the product of ultrametamorphism leading to anatexis of alu-
minous metasedimentary rocks in the continental crust (Miller
et al. 1981; White and Chappell 1983; Miller 1985; Neiva et
al. 1987; Pitcher 1988, Patiño Douce and Johnston 1991). It is
generally accepted that micas play an important role in the
anatexis of aluminous metasediments and in the evolution of
peraluminous granitic suites, and that the partition coefficients
of major and trace elements between biotite and muscovite are
a key to understanding the thermodynamic relationships and
detailed kinetics of the process (De Albuquerque 1975; Tracy
1978; Speer 1984; Monier and Robert 1986; Patiño Douce and
Johnston 1991). Knowledge of the chemistry of these phases
therefore enables one to obtain barometric and thermometric
information (Guidotti et al. 1989; Hoisch 1989; Patiño Douce
et al. 1993; Guidotti et al. 1994). In an experimental study car-
ried out at constant H2O pressure and in the temperature range
600–750 °C, Icenhower and London (1995) suggest that: (1)
biotite is stable over the complete temperature range, whereas
muscovite stability is limited to about 715 °C; (2) at higher
temperatures, dioctahedral mica displays high Fe and Ti con-
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ABSTRACT

A comparison was made between single-crystal structure refinements, electron microprobe analy-
ses and octahedral site populations of seven biotite crystals and data obtained previously for coexist-
ing muscovite in peraluminous granites using the same methods. Both micas, from several plutons
of Northern Victoria Land (Antarctica) and Sardinia (Italy), show significant octahedral substitu-
tions: biotite has a composition characterized by relatively high [6]Al content (0.32 ≤ [6]Al ≤ 0.59
apfu), whereas muscovite is characterized by phengite-like substitutions [0.12 ≤ [6](Mg + Fe + Ti +
Mn) ≤ 0.35]. Mean bond-lengths and electron count data for six biotites-1M (space group C2/m,
agreement factor 2.7% ≤ Robs ≤ 3.6%) and a biotite-2M1 (space group C2/c, Robs = 2.8%) show that Al
substitutes for divalent cations in the octahedral M2 site and that the Fe and Mg distribution is
disordered. The mean tetrahedral bond lengths determined for biotite-2M1 reflect Al-Si disorder. In
coexisting muscovite-2M1 crystals, small positive electron density residuals close to M1 site posi-
tion as well as the increase in M2 mean atomic number is in agreement with the presence of a
significant phengitic component. Reduction in biotite unit-cell dimensions with the increase of Al
follows a pattern similar to that of associated muscovites, and the octahedral site volumes of both
micas are influenced by the Al saturation index (ASI) of the rock. These results, and the calculated
partition coefficients between biotite and muscovite for elements in M sites, are consistent with
continuous reaction and re-equilibration of biotite and muscovite during crystallization of
peraluminous granitic melts.

tent, which accounts for solid solutions with trioctahedral mi-
cas; (3) biotite reacts continuously with the melt, such that its
Ti, Ba, and [4]Al content increases in direct proportion to the
rise in temperature; (4) there is no evidence of [6]Al systematic
variation with the Al saturation index of the melt.

In view of this, it is surprising that the structural relations
between coexisting muscovite and biotite have attracted rela-
tively little attention, because knowledge of the site geometric
variations and of the cation partitioning can help in defining
the thermodynamic and compositional parameters in force dur-
ing the petrological and geochemical processes involved in the
differentiation of such granites. The present study compares
the crystal structure and site occupancy of biotites-1M and bi-
otites-2M1 coexisting with igneous muscovites-2M1 in
peraluminous granite plutons.

OCCURRENCE OF MICAS

The mica crystals occur in different peraluminous granitic
rocks (Table 1). They were selected in granodioritic to
monzogranitic cordierite-bearing plutons outcropping in North-
ern Victoria Land, Antarctica, and in Sardinia Island, Italy (Di
Vincenzo et al. 1994; Biagini et al. 1991). In these samples
muscovite coexists with biotite and can be considered of igne-
ous origin on the basis of textural and microscopic criteria
(Miller et al. 1981).

The Northern Victoria Land samples are from a wide belt
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