American Mineralogist, Volume 101, pages 2554–2563, 2016

Influence of the octahedral cationic-site occupancies on the framework vibrations of
Li-free tourmalines, with implications for estimating temperature and oxygen fugacity in
host rocks
Anke Watenphul1,*, Jochen Schlüter2, Ferdinando Bosi3, Henrik Skogby4,
Thomas Malcherek1, and Boriana Mihailova1
2

1
Fachbereich Geowissenschaften, Universität Hamburg, Grindelallee 48, D-20146 Hamburg, Germany
Centrum für Naturkunde, Mineralogisches Museum, Universität Hamburg, Grindelallee 48, D-20146 Hamburg, Germany
3
Dipartimento die Scienze della Terra, Sapienza Università di Roma, Piazzale Aldo Moro 5, I-00185 Rome, Italy
4
Department of Geosciences, Swedish Museum of Natural History, Box 50007, SE-10405 Stockholm, Sweden

Abstract
Tourmalines, XY3Z6T6O18(BO3)3V3W, are excellent petrogenetic indicators as they capture the
signature of the host-rock bulk composition. Raman spectra of tourmalines can be used as fingerprints
for species identification and crystal-chemical analysis. While Li-bearing species are directly distinguishable by the shape of the OH-stretching vibrations, the discrimination of Mg- and Fe-dominant
species can be hindered by the coexistence of at least two types of octahedrally coordinated Rn+ cations.
Thirty Li-free tourmaline samples comprising 14 different species were studied by Raman spectroscopy and electron microprobe. All nine Fe3+-bearing samples were also analyzed by single-crystal
X‑ray diffraction and Mössbauer spectroscopy. The Raman scattering analysis shows that Mg-dominant
species can be immediately distinguished from Fe-dominant species by the shape of the vibrational
modes at ~200–240 cm–1 arising from the YO6 vibrations. Trivalent Fe can be observed and quantified by shifts of the framework vibrations toward lower wavenumbers. The position of the main ZO6
vibrational mode (275–375 cm–1) can be used to determine the ZFe3+ content, while the YFe3+ content
can be inferred from the position of the peak at ~315 cm–1. Fits to the data points indicate that the
homovalent substitution of Fe3+ for Al3+ leads to a considerably larger downward shift of the ZO6
vibrational mode than the heterovalent substitution Mg2+ for Al3+. The intensity ratio of the two major
YO6 vibrational modes (200–240 cm–1) of the fully characterized Fe3+-bearing samples reflects the
amount of Y-site Mg and thus can be used to deduce the site-occupancy disorder of Mg over the Y
and Z site for tourmaline species with Mg ≤2 apfu.
By combining the information from framework and OH-stretching vibrations, Raman spectroscopy
alone can be used as a micrometer-scale sensitive non-destructive method for the analysis of tourmaline
crystal chemistry including trivalent Fe, which is the major tracer for oxygen fugacity and central for
intersite geothermometry.
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Introduction
Tourmaline supergroup minerals are common cyclosilicates
that occur in a wide range of igneous, metamorphic, and sedimentary environments (e.g., van Hinsberg et al. 2011 and references
therein). Being very useful petrogenetic indicators, the complex
crystal chemistry of tourmalines has been extensively studied
(e.g., Grice et al.1993; Hawthorne et al. 1993; Hawthorne 2002;
Pieczka and Kraczka 2004; Bosi and Lucchesi 2007; Henry and
Dutrow 2011; Bosi 2011; Bosi et al. 2015a, 2015b). The generalized formula can be expressed as XY3Z6(T6O18)(BO3)3V3W
with X = Na+, Ca2+, K+, o (= vacancy); Y = Fe2+, Mg2+, Mn2+,
Al3+, Li+, Fe3+, Cr3+, Ti4+, Zn2+, Cu2+, V3+; Z = Al3+, Fe3+, Mg2+,
Fe2+, Cr3+, V3+; T = Si4+, Al3+, B3+; B = B3+; V = (OH)–, O2–; and
W = F–, (OH)–, O2– being the most common cations and anions
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at each site (Henry et al. 2011). The crystal structure has R3m
space group symmetry and consists of puckered 6-membered
rings of corner-sharing TO4 tetrahedra as well as of units of edgesharing YO6 and ZO6 octahedra further connected by isolated
BO3 triangles (see Fig. 1). The X-site cations and W-site anions
are located on the threefold axis of symmetry, on both sides of
the ring plane. The W-site anions are shared between three YO6
octahedra, whereas the V-site anions are shared between one
YO6 and two ZO6 octahedra (see Fig. 1).
The flexibility of the crystal structure is demonstrated by the
occurrence of a large variety of possible major, minor, and trace
elements occupying the different crystallographic sites. This
has the following implications: (1) the tourmaline supergroup
currently consists of 32 species approved by the International
Mineralogical Association (IMA); (2) solid solutions between
different end-members are common, including dravite–
schorl, schorl–elbaite, dravite–uvite, fluor-buergerite–schorl,
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