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INTRODUCTION

Although F is generally a minor element in granitic rocks,
because of partitioning processes it can be strongly enriched in
the melt as an incompatible element (e.g., Christiansen et al.
1983; London 1987). Thus, certain A-type granites can contain
as much as 1.8 wt% F (Whalen et al. 1987) and topaz rhyolites
as much as 3.2 wt% F (Pichavant and Manning 1984).

Even small amounts of F may have a strong influence on
the phase relations and on the chemical and physical proper-
ties of granitic magmas. For example, increasing F content
causes a decrease in the solidus temperature and a shift of the
eutectic point (Manning 1981). Furthermore, the water solu-
bility increases (Holtz et al. 1993). Besides the melt phase, bi-
otite, phlogopite, and muscovite are additional phases that
preferentially concentrate F during magmatic crystallization.

To date, the partitioning of F between melt and micas has
not been studied in detail. A detailed study on the local coordi-
nation of F in the melt and layer silicates could give a better

understanding of the mechanism of the element partitioning as
well as the influence of F complexing on the chemical and
physical properties of the phases. Unfortunately, the spectro-
scopic data in the literature has yielded different structural in-
terpretations (see Carroll and Webster 1994). In general, there
are discrepancies in the interpretation of Raman, IR, and NMR
spectroscopic data as well as in the thermodynamic models.

Solid-state NMR spectroscopy is an ideal tool to obtain
structural data, complementing X-ray diffraction studies. Only
a few solid-state NMR studies have dealt with the structural
incorporation of F in aluminosilicate glasses and layer silicates,
but they have made a large contribution to the understanding
of the structural compositions. Kohn et al. (1991) determined
AlF6

3– complexes in F-containing jadeite glasses by {19F} 27Al
CP-MAS NMR spectroscopy. In a 19F MAS NMR study of
glasses having jadeite, nepheline, and albite compositions,
Schaller et al. (1992) assigned the resonance at –191 ppm un-
ambiguously to AlF6

3– complexes in agreement with the 27Al
MAS NMR spectra. As a result, the formation of AlF6

3– com-
plexes explains the increasing depolymerization and thus the
decreasing viscosity of the melt with increasing F content (e.g.,* E-mail: M.Fechtelkord@mineralogie.uni-hannover.de
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ABSTRACT

The influence of F content on the formation and stability of Al-rich phlogopite has been investigated.
Samples with varying OH/F-ratios and nominal gel compositions of K(Mg3–xAlx)(Al1+xSi3–xO10)(OH)y

(F)2–y (0.0 £ x £ 0.8 and 0.5 £ y £ 1.8) were studied using 29Si, 1H, and 19F MAS NMR spec-
troscopies, powder X-ray diffraction, electron-probe microanalysis, and scanning electron mi-
croscopy. The synthetic phlogopites were synthesized from sol-gels in cold-seal pressure vessels at
1073 K, 2 kbar. The main phase (phlogopite) and three other impurity phases [corundum (a-Al2O3),
kalsilite (KAlSiO4), and potassium aluminum hexafluoride (K3AlF6·0.5H2O)] were clearly identi-
fied by powder X-ray diffraction and electron-probe microanalysis. For phlogopite, the unit-cell
parameters a0 and b0 decrease whereas c0 increases with increasing Al-content (x). The average
crystal size of phlogopite is about 1–2 mm. The 29Si MAS NMR spectra show up to four resonances
at approximately –91, –87, –83, and –80 ppm, which can be assigned as Q3(n Al) signals with n = 0–
3. The ideal Si/IVAl ratio calculated from the initial composition is always lower than that derived
experimentally. Hydroxyl-rich compositions indicate an increased Al-content in the tetrahedral sheets,
suggesting a stabilizing effect on the formation of Al-rich phlogopite. These conclusions are sup-
ported by 1H and 19F MAS NMR spectra. The 1H MAS NMR spectra show a water signal at 4.7 ppm,
a signal due to Mg2AlOH at 1.8 ppm, and a signal due to Mg3OH at 0.7 ppm. The 19F MAS NMR
spectra exhibit a signal for Mg2AlF at –150 ppm, one due to AlF6 (K3AlF6·0.5H2O) at –157 ppm, and
one for Mg3F at –174 ppm. Comparison of the 1H and 19F MAS NMR spectra for different Al- and F-
contents reveals a non-statistical distribution of F- and OH-groups at the crystallographic sites in the
octahedral sheets where F prefers sites coordinated by three Mg, and OH sites with Al in the next-
nearest coordination sphere.


