
American Mineralogist, Volume 92, pages 468�480, 2007

0003-004X/07/0004�468$05.00/DOI: 10.2138/am.2007.2339     468

INTRODUCTION

The crystal chemistry of trioctahedral micas is deeply related 
to petrogenetic processes active during crystallization, as demon-
strated by several studies pertaining to igneous and metamorphic 
environments (e.g., Brigatti and Guggenheim 2002; Guidotti and 
Sassi 2002; Cesare et al. 2003; Brigatti et al. 2005). 

Some authors suggest that trioctahedral micas from volcanic 
environments change in composition as a function of the chemi-
cal system, temperature, and pressure. Moreover, according to 
some of them (Shane et al. 2003; Harangi et al. 2005), major 
elements such as Ti, Mg, and Fe support the reconstruction of 
the stratigraphic sequence in pyroclastic deposits. Only minimal 
attention has been devoted so far to the crystal-chemical param-
eters in micas from volcanic rocks that may be possible indicators 
of other petrogenetic processes. Only a few, very recent works 
(Brigatti et al. 2005; Mesto et al. 2006) have tried to relate the 
variation of certain crystal-chemical parameters in micas (e.g., 
the tetrahedral rotation angle, the distortion of tetrahedra and of 
octahedra, the sheet thickness) to regular changes in the chemical 
composition of the host rocks across a volcanic sequence, both 
effusive and pyroclastic. 

As extensively demonstrated in the literature (Guidotti 1984; 
Redhammer et al. 1995, 2000, 2005), trioctahedral micas in 

the phlogopite�annite join are affected by different substitu-
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charge balance can be achieved either inside one site only or by 
involvement of several sites. Thus, the geometric variation of 
the mica layer as a result of a given chemical substitution is not 
always linear, and can be extremely complex. When addressing 
volcanic rocks subjected to secondary alteration processes (i.e., 
of hydrothermal or meteoric origin), different substitution mecha-
nisms may mark a discrimination between an initial signature, 
dating back to processes occurred during the igneous phase of 
mica crystallization, and a subsequent signature, acquired during 
later alteration events, and thus associated with (re-)equilibra-
tion of the mica in its depositional environment. As a result, a 
complex crystal-chemical behavior could conveniently describe 
a complex genetic history. 

This work will focus on the crystal-chemical features of micas 
in alkaline and subalkaline volcanic rocks from Mt. Sassetto 
(Tolfa district, Italy). These volcanic rocks are characterized by a 
complex petrologic and genetic history, and they are included in * E-mail: brigatti@unimore.it
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ABSTRACT

This work provides a crystal-chemical description of trioctahedral micas from volcanic rocks (lavas, 
tuffs, ignimbrites, and xenoliths) outcropping at Mt. Sassetto (Tolfa district, Tuscan Province, central 
Italy). Mica crystals vary in composition from ferroan phlogopite to magnesian annite. Heterovalent 
octahedral substitutions are mainly related to Al3+, Ti4+, and, only in a few samples, to Fe3+. The two 
main mechanisms regulating Ti inlet into the mica structure are the Ti-oxy [VITi4+VI(Mg,Fe)2+
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2�] 
and Ti-vacancy [VITi4+VI■■VI(Mg,Fe)2+

�2] substitutions. In these micas, Ti content is the predominant 
crystal-chemical parameter and signiÞ cantly affects octahedral and interlayer topology as well. Micas 
with the highest Ti contents deviate from the expected fractional crystallization trend in the Ti vs. 
Mg/(Mg + Fetot) diagram, possibly as a consequence of a variation in intensive parameters (T, P, fH2, 
fO2, fH2O) during crystallization in the magmatic chamber.

In micas with signiÞ cant Fe3+ contents, the layer charge balance is accomplished by the following 
mechanisms: VIFe2+
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electron counts greater for the octahedral M2 site than for M1, and unit-cell parameters signiÞ cantly 
smaller than usual for other micas. Atmospheric weathering is unlikely to produce the observed Fe 
oxidation. The Fe3+-vacancy and Fe-oxy substitutions could represent secondary, re-equilibration ef-
fects related to post-eruptive water-rock hydrothermal processes (acid-sulfate alteration).
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