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IntroductIon

Fluorine is present in the phyllosilicate mineral group in 
general and in the micas particularly as a substitute for OH. The 
effects of F-OH replacement on the structure stability have at-
tracted 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). It is well known that the presence of 
F enhances the thermal stability of the trioctahedral mica struc-
ture. The extent of fluorine substitution for OH groups depends 
on several factors (Boukili et al. 2002 and reference therein). 
The most important are (1) hydrofluoric acid activity in the 
fluid during the crystallization and post-crystallization phase; 
(2) temperature; and (3) cation population of octahedral sheet. 

Robert et al. (1993), Papin et al. (1997), and Boukili et al. (2001) 
showed that F exhibits a strong preference for trioctahedral micas 
because in dioctahedral micas the hydroxyl proton is involved 
in hydrogen bonds with underbonded apical O atoms from the 
adjacent tetrahedral sheet, so the replacement of hydroxyl groups 
by F is difficult or impossible. On the contrary, in trioctahedral 
micas this replacement does not change significantly the local 
charge balance on tetrahedral O atoms; in addition the H+-K+ 
repulsion is transformed into F–-K+ attraction, and therefore 
it is energetically favored. Boukili et al. (2002) analyzed the 
relationship between cations distribution over octahedral sites 
and F content, concluding that F-OH substitution is governed in 
micas by the structural adaptation of tetrahedral and octahedral 
layers, not by Al-F or Fe-F bond strength. 

As concerns the fluorine end-member of the join (OH,F)-
phlogopite (i.e., fluorophlogopite, according to this study), * E-mail: f.scordari@geomin.uniba.it

Fluorophlogopite from Biancavilla (Mt. Etna, Sicily, Italy): Crystal structure and crystal 
chemistry of a new F-dominant analog of phlogopite

AntonIo GIAnfAGnA,1 fernAndo ScordArI,2,* SImonA mAzzIottI-tAGlIAnI,1  
GennAro VentrutI,2 And luISA ottolInI3

1Dipartimento di Scienze della Terra—Sapienza Università di Roma, Piazzale Aldo Moro 5, I-00185 Roma, Italy
2Dipartimento Geomineralogico—Università degli Studi di Bari, Via E. Orabona 4, I-70125 Bari, Italy
3CNR-Istituto di Geoscienze e Georisorse (IGG), Sezione di Pavia, Via Ferrata 1, I-27100 Pavia, Italy

AbStrAct

Fluorophlogopite, a new F-dominant mineral of the mica group, was found at Monte Calvario, 
Biancavilla, lower southwestern flanks of Mt. Etna volcano (Catania, Sicily, Italy). The mineral oc-
curs in autoclasts of gray-red altered benmoreitic lavas, primarily associated with fluoro-edenite, 
alkali-feldspars, clino- and ortho-pyroxenes, fluorapatite, hematite, and pseudobrookite. It was 
formed by metasomatism of the original lava rocks from very hot fluid enriched in F, Cl, and other 
incompatible elements. Fluorophlogopite occurs as very thin laminae with a diameter of 200 to 400 
µm. Main physical properties are pale yellow in color; yellowish-white in thin section; vitreous to 
resinous luster; transparent; non-fluorescent; Mohs’ hardness 2–3; brittle and malleable; perfect 
cleavage on {001}; biaxial (–), αcalc = 1.5430(8), β = 1.5682(5), γ = 1.5688(5) (λ = 589 nm); 2Vmeas 
= 17(2)°; α = acute bisectrix ⊥ (001); nonpleochroic; Dcalc = 2.830 g/cm3 (using empirical formula 
and single-crystal unit-cell parameters), Dcalc = 2.842 g/cm3 (using empirical formula and powder cell 
constants). Infrared spectrum did not show a significant absorption band in the OH-stretching region 
(3800–3600 cm–1) confirming that the F content of the fluorophlogopite from Biancavilla is close to 
the stoichiometric value. 

Unit-cell parameters from X-ray powder-diffraction data (114.6 mm diameter Gandolfi camera, 
CuKα) are a = 5.305(2), b = 9.189(3), c = 10.137(4) Å, β = 100.02(3)°. These data agree with those ob-
tained by single-crystal X-ray studies on a very thin (~15 µm) fluorophlogopite crystal, i.e., Monoclinic 
(1M polytype); Space Group C2/m; a = 5.3094(4), b = 9.1933(7), c = 10.1437(8) Å, β = 100.062(5)°, 
V = 487.51(6) Å3, Z = 2. Structure refinements using anisotropic displacement parameters converged 
at R = 3.50, Rw = 4.37, Rsym = 3.72%. Electron microprobe analysis performed on the same crystal used 
for X-ray investigation gave: SiO2 = 45.75(39), TiO2 = 1.05(5), Al2O3 = 9.60(19), MgO = 27.92(30), 
MnO = 0.16(3), FeOtot = 1.25(6), BaO = 0.09(5), K2O = 8.22(11), Na2O = 0.61(30), Cl = 0.02(1) wt%. 
Secondary Ion Mass Spectrometry (SIMS) was used to estimate light elements [Li2O = 0.30(1) and 
H2O = 0.16(2) wt%] and fluorine content [F = 8.69(24) wt%]. The new mineral fluorophlogopite and 
its name were approved by IMA-CNMMN (2006/011). 
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