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ABSTRACT

Mössbauer spectrometry of natural samples of tourmaline shows the presence of Fe21

and Fe31 either in the Y (9b) or the Z (18c) sites, with intervalent iron delocalized between
these sites. To understand the distribution of iron in natural samples, tourmaline was syn-
thesized at temperatures from 400 to 700 8C, under a pressure of 100 MPa, by the trans-
formation of an Fe21-rich natural chlorite in the presence of Na0.5K0.5-feldspar, boric acid,
and H2O in stoichiometric proportions. The oxygen fugacity, f , of most experiments wasO2

buffered by solid assemblages including hematite (HM), nickel-nickel oxide (NNO), and
quartz-fayalite-iron (QFI). It was possible to synthesize tourmaline with Fe21 in the Z site
and Fe21 or Fe21 1 Fe31 in the Y site. These site occupancies are similar to those observed
in many natural samples.

For each f buffer, Mössbauer spectrometry shows that Fe31/Fe21 in the Y site is cor-O2

related positively with T and f for T ,550 8C. For higher temperatures, a negative cor-O2

relation is observed. These relationships reflect structural changes involving the localiza-
tion of Fe21 in the Z site and an increasing amount of Al in the Y site. Fe31/total Fe can
be represented by general equations of the type [%Fe31] 5 e(a log . The curves corre-f 1b)O2

sponding to each temperature are roughly parallel and equidistant. Thus, Fe tourmaline is
a potential geothermometer and an f indicator.O2

INTRODUCTION

Tourmaline is a common cyclosilicate mineral having
the general formula XY3Z6Si6O18(BO3)3(OH)3(OH,F) and
the space group R3m (Fig. 1). In the crystallographic no-
tation of Wyckoff (1968), the X, Y, and Z sites of tour-
maline correspond to the 3a, 9b, and 18c positions, re-
spectively. The 3a site typically contains large cations
like Na, Ca, and to a much lesser extent K, or is partially
or totally vacant (M). The octahedral 9b site typically
contains Li, Mg, Mn, Fe21, Fe31, Ti, and Al, whereas the
smaller and less regular octahedral 18c site (Foit 1989)
is generally assumed to contain Al, Fe31, and Mg.

The crystal chemistry of tourmaline is characterized
by several solid solutions, with the main types being
from the Na-Mg end-member dravite to the Na-Fe21

end-member schorl (NaMg3Al6 ↔ NaFe3Al6), and from
the Na-Li end-member elbaı¨te to schorl (NaLi 1.5Al1.5Al6

↔ NaFe3Al6). In natural samples, elbaı¨te-dravite solid
solution does not exist. Our analyses of different types
of dravite show that their Li contents are normally less
than 200 ppm (Paulet 1992; Fuchs and Maury 1995).

Natural tourmalines are generally intermediate solid
solutions and show significant compositional variabil-
ity due to the presence of coupled substitutions. The
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most common substitutions are alkali deficiency in the
X (3a) site, which is charge-balanced by the substitu-
tion of R21 by R31 in the Y (9b) site, and proton defi-
ciency, which is charge-compensated by R31 for R21 in
the Y (9b) site (Foit and Rosenberg 1977, 1979; Ro-
senberg and Foit 1985).

Calculations of tourmaline structural formulae are
made difficult by the existence of both divalent and
trivalent Fe, which are located in both the Y (9b) and
Z (18c) sites. However, it is possible to assign sites in
tourmaline to Fe21 and Fe31 using Mössbauer spectros-
copy (MS). Early studies (Hermon et al. 1973; Mattson
and Rossman 1984; Saegusa et al. 1979) assigned Fe21

to the Y (9b) site and Fe31 to the Z (18c) site. Later
MS studies revealed the presence of Fe21 ↔ Fe31 in-
tervalence charge transfer (IVCT) (Burns 1981; Matt-
son and Rossman 1987a, 1987b). The existence of
IVCT phenomena in tourmaline has been also assessed
by optical spectroscopy (Faye et al. 1974). The data on
site dimensions and ionic radii lead to the assignment
of divalent and some trivalent Fe to the Y (9b) site with
trivalent Fe substituting for Al in the Z (18c) site, but
assignment of the doublet to Fe31 in the Z (18c) site is
rare in the MS literature on tourmaline (Gorelikhova et
al. 1978; Kovorushkin et al. 1979; Saegusa et al. 1979;
Burns 1981; Mattson and Rossman 1984; Ferrow et al.
1988; Fuchs et al. 1995) (Fig. 2).


