
American Mineralogist, Volume 96, pages 732–743, 2011

0003-004X/11/0506–732$05.00/DOI: 10.2138/am.2011.3666      732 

Crystal chemistry of Ti-rich fluorophlogopite from Presidente Olegario, Alto Paranaíba 
igneous province, Brazil

E. Schingaro,1 M. LacaLaMita,1 F. Scordari,1,* M.F. Brigatti,2 and g. PEdrazzi3

1Dipartimento Geomineralogico, Università degli Studi di Bari, via E. Orabona 4, I-70125 Bari, Italy
2Dipartimento di Scienze della Terra, Università di Modena e Reggio Emilia, p.zza S. Eufemia 19, I-41100 Modena, Italy

3Dipartimento di Sanità Pubblica, Sezione di Fisica, Plesso Biotecnologico Integrato, Università di Parma, via Volturno 39, I-43100, Parma, Italy

aBStract

Trioctahedral micas from kamafugitic lavas of Presidente Olegario (Brazil) are Ti-Fe-bearing fluo-
rophlogopites. They were investigated using a combination of electron probe microanalysis (EPMA), 
single-crystal X-ray diffraction (SCXRD), and Mössbauer spectroscopy. 

EPMA data yielded the following ranges: Al2O3 (8.7–10.1 wt%), MgO (19.6–20.6 wt%), FeO 
(5.7–6.5 wt%), TiO2 (5.9–7.5 wt%), K2O (8.9–9.7 wt%), Na2O (0.4 –0.6 wt%), and fluorine (3.4–4.1 
wt%). Mössbauer investigation indicated: VIFe2+ ∼ 60%, VIFe3+ ∼ 10%, IVFe3+ ∼ 30%. X-ray analysis 
indicated the 1M polytype, with cell parameters in the range a = 5.3208–5.3376, b = 9.2210–9.2464, 
c = 10.1227–10.155 Å, β = 100.157–100.194°. Structure refinements using anisotropic displacement pa-
rameters were performed in space group C2/m and converged to 2.01 ≤ R1 ≤ 3.51, 2.00 ≤ wR2 ≤ 3.51%.

The micas have no VIAl3+ and Na is probably partitioned over both interlayer and octahedral sites. 
Major substitutions are OH− ↔ F−, and the Ti-oxy substitution: VIM2+ + 2(OH)− ↔ VITi4+ + 2O2– + 
H2↑. Accordingly, the structural features of the studied micas encompass those typical of both fluo-
rophlogopites and micas affected by Ti-oxy substitution.
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introduction

Micas are characterized by remarkable chemical complexity, 
both at cation and anion sites as shown by their general formula, 
IM2–3T4O10X2, with I = interlayer cations (K+, Ba2+, Ca2+, Na+, 
H2O, H3O+, NH+

4, ), where  is equal to vacancies, M = 
octahedral cations (Mg2+, Mn2+, Fe2+,3+, Ti3+,4+, Al3+, Cr3+, ), T 
= tetrahedral cations (Si4+, Al3+, Fe3+, Ti4+), X = (OH−, O2–, Cl−, 
F−). The most common and studied mechanisms affecting the 
chemistry of both octahedral and tetrahedral sites, are Tscher-
mak’s mechanisms, i.e., the Al,Fe3+-Tschermak, VIM2+ + IVSi4+ ↔ 
VI(Al3+,Fe3+) + IVAl3+ and the Ti-Tschermak VIM2+ + 2(IVSi4+) ↔ 
VITi4+ + 2(IVAl3+) (Robert 1976; Dymek 1983; Abrecht and Hewitt 
1988; Waters and Charnley 2002; Cesare et al. 2003; Mesto et 
al. 2006; Scordari et al. 2006, 2008; Matarrese et al. 2008); 
those affecting only the chemistry of the octahedral sites are Ti-
vacancy mechanisms, i.e., 2(VIM2+) ↔ VITi4+ + VI, or trivalent 
cation-vacancy, i.e., 3(VIM2+) ↔ 2(VIM3+) + VI; those involving 
octahedral and anion sites are oxy-type or deprotonation mecha-
nisms, i.e., the Ti-oxy mechanism, VIM2+ + 2(OH)− ↔ VITi4+ + 
2(O2–) + H2↑ and the Al,Fe3+-oxy mechanism, VIM2+ + (OH)− ↔ 
VIM3+ + O2– + ½(H2)↑ (Dyar et al. 1993; Feldstein et al. 1996; 
Rancourt et al. 2001; Righter et al. 2002; Schingaro et al. 2005, 
2007; Scordari et al. 2006, 2008, 2010; Matarrese et al. 2008; 
Ventruti et al. 2008). The tetrahedral site may also be affected 
by Al3+ for Fe3+ substitution, known as the tetraferri-phlogopite 
substitution (Rancourt et al. 1992; Cruciani et al. 1995; Brigatti 
et al. 1996a, 1996b, 2001). More rare substitution mechanisms 

are also found in the mica literature (e.g., Guo and Green 1990; 
Waters and Charnley 2002; Brigatti et al. 2005; Cesare et al. 
2008; Scordari et al. 2008).

A few studies involving micas along the join phlogopite-
fluorophlogopite, have been carried out so far. A review of studies 
on fluorophlogopites is found in Gianfagna et al. (2007), whereas 
Brigatti et al. (2007) performed a crystal structure analysis of 
the end-member fluorannite.

Because in micas multiple substitutions commonly occur, 
studies often involve combination of techniques, such as elec-
tron- and ion-microprobe analyses, structural techniques, various 
spectroscopic methods, such as Mössbauer, XANES, XPS, and 
FTIR investigations (e.g., Cesare et al. 2003; Schingaro et al. 
2005, 2007; Scordari et al. 2006, 2008, 2010; Matarrese et al. 
2008; Sassi et al. 2008; Lacalamita 2009; Namur et al. 2009).

In the present paper, a systematic investigation of phlogopite 
from Presidente Olegario (Alto Paranaíba Igneous Province, Bra-
zil) kamafugites was undertaken to improve our understanding 
of the crystal chemistry of micas occurring in such a rare host 
rock. The study involved electron probe microanalysis (EPMA), 
single-crystal X-ray diffraction (SCXRD), Mössbauer spectros-
copy, and secondary ion mass spectrometry (SIMS) based on 
work by Ottolini et al. (2010). The mica sample studied here is 
among the most Ti-rich fluorophlogopite found in nature.

occurrEncE and PrEviouS StudiES oF 
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The Alto Paranaíba Igneous Province (hereafter APIP) is 
located in southeast Minas Gerais and southwest Goiás, Brazil. 
APIP is one of many provinces of Cretaceous potassic-ultrapotas-* E-mail: f.scordari@geomin.uniba.it


