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INTRODUCTION

Growth-history reconstruction of minerals from pegmatite 
pockets in aplite veins (island of Elba, Italy) was carried out with 
the aim of deÞ ning the growth marks, which may characterize the 
chemico-physical conditions of the growth medium (Graziani et 
al. 1990). In particular, beryl crystals of various colors and habit 
developments showed variations in minor element concentra-
tions related to the chemical evolution of the growth medium 
itself (Scandale et al. 1990). To verify the possibility of general 
comparison of results with minerals from the same growth en-
vironment, tourmalines from pegmatite pockets of the same 
locality were studied. These tourmalines exhibit color zoning 
perpendicular to and parallel to c: the transition from the inner 
yellow-greenish regions to the colorless ones occurs suddenly, 
and minor-element concentration variations are closely related 
to the observed color zoning.

These results suggested extending study in two different but 
closely related directions: crystal-chemical characterization and 
growth-history reconstruction. The latter allowed identiÞ cation 
of the various crystal-growth stages, so that fragments representa-
tive of the chemical evolution of the genetic micro-environment 
in which the crystal had developed could be extracted. In this 

way, substitutional mechanisms could be unequivocally deÞ ned, 
elucidating �...the covariance of structure and chemistry that 
occurs in portions of a single crystal...� (Hughes et al. 2004). A 
paper on growth history reconstruction is in progress; the present 
paper focuses on crystal chemistry.

The general formula of tourmaline is XY3Z6[T6O18](BO3)3V3W, 
where: X = Ca, Na, K, ■■; Y = Li, Mg, Fe2+, Mn2+, Zn, Al, Cr3+, 
V3+, Fe3+, Ti4+; Z = Mg, Fe2+, Al, Fe3+, Cr3+, V3+; T = Si, Al, B; 
B = B, (■■); V = OH, O; W = OH, F, O. The complexity of the 
matrix structure of tourmaline allows great compositional ß ex-
ibility, associated with partial intracrystalline disorder. The Elba 
tourmaline has a particularly high MnO content (up to 9.5 wt%) 
in the yellow-greenish regions, but it drops to below detection 
limits in the colorless one. Mn-tourmalines have been described 
since the 20th century, and are nowadays known in a variety of 
geological settings throughout the world (Shigley et al. 1986 
and references therein; Schmetzer and Bank 1984; Novàk 2000). 
The Þ rst structural reÞ nement was carried out by Nuber and 
Schmetzer (1984), and further crystal-chemical studies include 
those of Grice and Ercit (1993), Burns et al. (1994), and Ertl et 
al. (2003, 2004). All papers report complete ordering of Mn at the 
Y site and full occupancy of Al at the Z: despite this homogene-
ity in the Z population, the <Z-O> bond distance ranges from 
1.902 to 1.910 Å. Some of these Mn-tourmaline crystals are also 
characterized by signiÞ cant amounts of Fe, thus posing further * E-mail: ferdinando.bosi@uniroma1.it
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ABSTRACT

The crystal chemistry of seven crystal fragments taken from differing regions of the same colorless 
to yellow-greenish tourmaline macro-crystal from pegmatite pockets in aplite veins (island of Elba, 
Italy) was studied with a multi-disciplinary (SREF, XRDT) and multi-analytical approach (EMPA, 
SIMS). EMPA and XRDT studies showed relationships between color and chemical zoning and crys-
tal-growth evolution, indicating which fragments could be considered representative of the chemical 
evolution of the genetic micro-environment in which the crystal developed.

Results showed that the colorless fragment is an elbaite while the yellow-greenish crystal frag-
ments are Mn2+-rich (up to 1.34 apfu) and belong to the alkali group and ß uor subgroup. They are 
characterized by dehydroxylation and alkali-defect type substitutions that cooperate in reducing Li 
and increasing Mn contents. The Y site is populated by Al, Li, and Mn2+, and the Z site by Al and Mn2+ 
(up to 0.10 apfu). In contrast with data in the literature, Mn2+ populates both octahedral sites accord-
ing to the order-disorder reaction: YMn + ZAl ↔ YAl + ZMn. As Mn2+ content increases, progressive 
disorder takes place. This disorder is quantitatively lower than that of the ZMg in dravite, due to the 
low structural tolerance of the small Z cavity in the incorporation of larger cations by the ZR2+ → ZAl 
substitution. Relationships of direct proportionality between lattice parameters and both <Y-O> and 
<Z-O> are observed. The expansion of both octahedra, as well as of lattice parameters, increases lin-
early as a function of YMn2+ and ZMn2+. The latter has greater weight in dictating unit-cell variations, 
due to the degree of size mismatch between ZMn2+ → ZAl and YMn2+ → YLi substitutions, and the way 
in which the Z octahedra are articulated in the structure.


