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Mn-tourmaline crystals from island of Elba (Italy): Growth history and growth marks
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ABSTRACT
The growth history reconstruction of tourmaline macro-crystals from pegmatite pockets in the
aplite veins of Grotta d’Oggi (island of Elba, Italy) was carried out using a multi-disciplinary and
multi-analytical approach [X-ray diffraction topography (XRDT) and electron microprobe analysis
(EMPA)]. The work covered in this paper is closely related to the previous crystal-chemical characterization of the same macro-crystals (Bosi et al. 2005).
The tourmalines examined here are bi-colored crystals exhibiting greenish-yellow to colorless
zoning perpendicular to and parallel to the c axis: the transition from the inner yellow regions to the
colorless ones occurs suddenly. XRDT and EMPA studies show relationships between color and chemical zoning and crystal growth evolution, thus identifying two main growth stages, which developed
under different conditions. The Þrst stage corresponds to greenish-yellow Mn-tourmaline grown as a
result of a 2D-growth mechanism in a F-rich pegmatitic environment; the second one corresponds to
colorless elbaitic tourmaline, which developed chießy by a spiral growth mechanism in an OH-rich
hydrothermal environment. The structural defects found in greenish-yellow Mn-tourmaline (growth
bands, absence of dislocations, near-uniform chemical element concentrations) are the same as those
observed in beryl crystals from pegmatite pockets of the island of Elba. Therefore these features are
growth marks that characterize the pegmatitic crystallization stage and differentiate it from the hydrothermal stage, in which the dislocations normal to the growing faces occurred. Hence, the role of
tourmaline as a petrogenetic indicator can be extended from chemical composition to crystal growth,
reßecting both chemical environment and growth mechanism, and contributing to a better understanding of mineral genesis in pegmatitic crystallization.
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INTRODUCTION
Tourmaline is an important B-rich mineral in silica-rich, igneous, and metamorphic rocks from the Earth’s continental crust.
It has wide chemical and physical stability, and its composition
generally reßects the local environment of formation (e.g., Henry
and Dutrow 1996). Therefore, tourmaline is of great petrogenetic
interest. Further information on its growth environment may be
obtained by studying growth mechanisms and the related extended growth defects. Recent studies have shown that extended
structural defects are growth marks characterizing minerals
growing in the same conditions and differentiating them from
others growing in different, although very similar, conditions.
Growth marks were Þrst observed in hydrothermal quartz druses
from Brazil and Italy (Scandale et al. 1983; Scandale and Stasi
1985; Graziani et al. 1988), and the concept was later generalized
by Scandale et al. (1989) and Agrosì et al. (1992). To extend the
growth-mark concept to other growth environments, pegmatite
beryl crystals from pockets in aplite veins at Grotta d’Oggi and
S. Piero in Campo (island of Elba) were studied by Scandale
et al. (1990) and Graziani et al. (1990). Growth bands and the
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absence of dislocations were recognized as common features
of these beryls. Scandale et al. (1993) subsequently compared
the kinds and distributions of defects in various regions of a
horseshoe beryl crystal from Brazil, grown in an environment
that varied from pegmatitic to hydrothermal. Prominent differences were observed between the growth defects found in the
crystal regions grown in pegmatite conditions and those found
in regions grown under hydrothermal conditions. In the Þrst
case, no dislocations were observed (only corrosion channels
parallel to the c axis were characterized), whereas in the second
case basal dislocations were observed. Growth dislocations
were also reported in both hydrothermal beryl crystals from
Brazil and Madagascar (Scandale et al. 1979a, 1979b) and the
hydrothermal regions of the horseshoe beryl crystal (Scandale
et al. 1993). Moreover, these beryls showed defects consistent
with those found in hydrothermal quartz (Scandale et al. 1983;
Scandale and Stasi 1985; Graziani et al. 1988). The growth-mark
concept could thus be extended from the micro-genetic medium
of a hydrothermal druse to both hydrothermal and pegmatitic
environments.
The above results are concerned with the study of a mineral
phase formed under various growth conditions. The logical de-

