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INTRODUCTION

Trioctahedral micas along the phlogopite-annite join are of 
widespread occurrence and of importance both in metamorphic 
and igneous environments. A detailed knowledge of their crystal 
chemistry is required to model the petrogenetic processes in 
which they participate. Unfortunately, the crystal chemistry of 
these mineral phases is a challenge, because of the large number 
of cationic, anionic substitutions and/or ordering patterns that 
may affect the mica structure. Much work has been devoted to 
the study of chemical substitutions in the octahedral sheet (see 
Brigatti and Guggenheim 2002, for a review), especially when 
high-charge cations are involved. Particular emphasis has been 
given to Ti in micas because of its potential as a petrogenetic 
indicator (Patiño Douce 1993; Henry and Guidotti 2002; Cesare 
et al. 2003). Incorporation of Ti in the mica structure, however, 
may occur in several ways, the most likely being:

VIM2+ ↔ VITi4+ + VI ■■ (Ti-vacancy substitution)
VIM2+ + 2IVSi4+ ↔ VITi4+ + 2IVAl3+ (Ti-Tschermak substitution)
VIM2+ + 2(OH)� ↔ VITi4+ + 2O2� + H2 (Ti-oxy substitution)

This latter substitution is more common than previously 
suspected in magmatic and metamorphic phlogopites, as deter-
mined by recent multi-methodic studies (Virgo and Popp 2000; 
Righter et al. 2002; Cesare et al. 2003; Kogarko et al. 2005; 
Schingaro et al. 2004). In particular, a direct knowledge of the 
H content seems to be a fundamental step to assess the correct 
Ti-substitution in micas. In fact, characterization of H, Li, and 
F is often lacking or incomplete in micas; rarely is Secondary 
Ion Mass Spectrometry (SIMS) performed in silicate minerals. 
Despite its remarkable capabilities of detecting almost all the 
elements of the Periodic Table (including H) over a wide con-
centration range, SIMS is not a routine technique. Several arti-
facts affecting sputtering-ionization phenomena during a SIMS 
analysis need to be investigated in detail before attempting any 
quantitative measurement in complex geological matrixes. The 
interfering ions constitute a minor problem in the analysis of 
light elements (H, Li, B) whereas the so-called �matrix effects� 
seem to represent the main drawback for the other elements. 
An extensive investigation of SIMS analyses has been car-
ried out in the SIMS laboratory in Pavia over the last years. 
The main conclusion (see Ottolini et al. 2002 and references 
therein) is that the matrix effects affecting SIMS ionization are 
mostly dependent on the chemical composition of the sample. * E-mail: f.scordari@geomin.uniba.it
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ABSTRACT

Mt. Vulture trioctahedral micas-1M mainly consist of phlogopite-annite solid solutions with a minor 
component of brittle micas. However, both Li-free and Li- and F-rich compositions may coexist in 
the same volcano-stratigraphic level. We report the results of electron microprobe analysis (EMPA), 
secondary ion mass spectrometry (SIMS), and single-crystal X-ray diffraction (SCXRD) for three 
crystals (LC7-27Go, LC7-3Go, and LC7-1R) that are representative of both compositions.

EMPA and SIMS showed that sample LC7-1R is richer in TiO2 , Li2O, and F and poorer in H2O 
than the other samples.

Structure reÞ nements using anisotropic displacement parameters for the three samples, performed in 
space group C2/m, converged at 3.46 ≤ R ≤ 4.34, 3.89 ≤ Rw ≤ 4.39. When considering bond distances, 
the three samples can be described as homo-octahedral whereas mean atomic numbers suggest that 
only LC7-1R is meso-octahedral. SigniÞ cant differences occur among the samples for some distortion 
parameters commonly used for micas. In particular, LC7-1R displays higher values of BLDM2, shiftM2 
and lower values of ΔK-O4 and tK-O4 than those of samples LC7-3Go and LC7-27Go. These differences 
are ascribed to F- and Ti-substitutions.

Cation distributions were obtained by combining EMPA, SIMS, and SCXRD data after analysis 
of the effect of normalization schemes commonly used in mica formula recalculation. In LC7-3Go 
and LC7-27Go, Ti is incorporated according to the Ti-Tschermak mechanism, whereas more than one 
Ti-substitution mechanism occurs in LC7-1R. For the latter sample, octahedral vacancies are present 
leading to a complex substitution pattern and complex structural distortions related to the special 
octahedral compositions that were determined.
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