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abStract

Fluorine is an important proxy for magmatic differentiation processes in the shallow parts of vol-
canic plumbing systems. Fluorphlogopite is one of the more important fluorine carriers in magmatic 
rocks. In the present study, a full crystal chemical investigation of fluorophlogopite 1M from Piano 
delle Concazze, Mt. Etna volcano, Italy, is carried out. The fluorophlogopite occurs in a benmoreitic 
lava from prehistoric volcanic activity at Mt. Etna (post-caldera forming phase of the “Ellittico” erup-
tive center; ~15 ka BP). It is primarily associated with fluorapatite covered with amorphous SiO2 and 
crystallized during syn/post-eruption pneumatolytic stages. The mica sample studied here is among 
the most Fe- and Ti-rich fluorophlogopite found in nature. EPMA data yielded the following mean 
chemical formula for this mineral

(K0.83Na0.13)(Fe2+
0.44Fe3+

0.09Mg2.18Al0.05Ti0.23Mn0.01)(Al0.92Si3.08)O10.64(Cl0.01F1.35).

Structure refinements on four fluorophlogopite crystals, performed in space group C2/m, converged 
at R = 0.03–0.04, with cell parameters in the ranges a = 5.323–5.324, b = 9.219–9.222, c = 10.116–
10.119 Å, b = 100.1–100.3°. Major substitutions are OH- ↔ F-,M3+-oxy (VIM2++OH- ↔ VIM3++O2–) 
and Ti-oxy substitution: VIM2++2(OH)- ↔ VITi4++2O2–. The fluorophlogopite from Piano delle Concazze 
exhibits the shortest c-parameter with respect to other fluorophlogopites found in nature. The short 
c parameter is essentially due to the absence of the hydroxyl group in favor of F- and especially of 
O2– and to the thus increased attractive interaction between the interlayer cation and the anion content 
(F–, O2–) located at the O4 site. A comparison with other natural fluorophlogopites (namely from Bi-
ancavilla, Etna and Presidente Olegario, Brazil) show intermediate crystal-chemical features for the 
Piano delle Concazze fluorophlogopite. Particularly at Etna, differences in the chemical composition 
of the crystallized fluorophlogopites could be related to the various extent of enrichments by transfer 
of a gas phase achieved in specific parts of the volcanic plumbing system.
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introduction

Fluorine-rich minerals are important indicators for the 
halogen activity in magmatic systems. From their investigation 
relevant inferences for the processes of magma differentiation 
acting in the shallow portions of the volcano plumbing system 
can be drawn. The intake of fluorine in micas is mainly controlled 
by the temperature, the hydrofluoric acid activity during the 
crystallization and post-crystallization phase, the mica chemical 
composition and the entropy variation involved in the reactions 
between mica and hydrothermal solutions (Boukili et al. 2002 
and reference therein). Fluorine can be easily incorporated in 

trioctahedral micas as a substitute for hydroxyl at the O4 anion 
site. The proton H+ points almost directly toward the interlayer 
cation and, consequently, has a negligible interaction with the 
tetrahedral basal O atoms. The effects of F–-OH– substitution 
on the structure stability have attracted the attention of many 
researchers (Munoz 1984; Robert et al. 1993; Papin et al. 1997; 
Mason 1992; Boukili et al. 2001; Fechtelkord et al. 2003). The 
occurrences of F-rich natural micas are rare (Joswig 1972; Hazen 
and Burnham 1973; Russell and Guggenheim 1999) and several 
investigations concern synthetic fluorophlogopites (Takeda and 
Donnay 1966; McCauley et al. 1973; Takeda and Morosin 1975; 
Toraya et al. 1978, 1983), but only a small number of studies 
concentrated on natural F-bearing micas. However, recently, 
Gianfagna et al. (2007) performed a crystal-structure analysis of * E-mail: fernando.scordari@uniba.it


