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INTRODUCTION

Minerals of the tourmaline group occur in most crustal envi-
ronments, from igneous to metamorphic, metasomatic, and oc-
casionally sedimentary. Being the most geologically widespread 
borosilicate phase it has been extensively studied, the focus being 
mainly on its complex crystal chemistry.

The general formula can be written as XY3Z6[T6O18](BO3)3

V3W, where: X = Ca, Na, K, ■■; Y = Li, Mg, Fe2+, Mn2+, Zn, 
Al, Cr3+, V3+, Fe3+, Ti4+; Z = Mg, Al, Fe2+, Fe3+, Cr3+, V3+; T = 
Si, Al, B; B = B, (■■); V = OH, O; W = OH, F, O. Thus, the 
structure allows many substitutions which result in numer-
ous end-members and make the crystal chemistry difÞ cult to 
characterize fully. One of the major problems in deÞ ning the 
relationships among polyhedral size, unit-cell parameters, and 
crystal-chemical properties are ion site assignments, which are 
not straightforward. To overcome this difÞ culty, some recent 
crystal-chemical studies have focused on chemically deÞ ned 
series such as schorl-dravite (Bosi and Lucchesi 2004), dravite-
chromdravite (Bosi et al. 2004), and Mn-rich tourmaline (Bosi 
et al. 2005). For the elbaite-schorl series, no systematic study 
has ever been carried out, and knowledge is still limited to a few 
end-member structure determinations (e.g., Donnay and Barton 

1972; Fortier and Donnay 1975; Grice and Ercit 1993; Cámara 
et al. 2002). This paper is an attempt to Þ ll this void. With this 
aim, tourmaline crystals from a petrologically well-characterized 
environment, the Cruzeiro pegmatite in Brazil, were examined 
because they feature chemical compositions that almost com-
pletely span the elbaite-schorl series and are characterized by 
internal genetic unity.

SAMPLE OCCURRENCE

The Cruzeiro pegmatite is located in the Brazilian state of 
Minas Gerais and is included in a metamorphic series of Protero-
zoic age known as the �schist-quartzite sequence�. This sequence 
constitutes the topographic elevation of Serra da SaÞ ra, at the 
top of which outcrop thick layers of coarse-grained quartzite 
containing the lens-shaped dikes of the Cruzeiro pegmatite. For 
a full description of the geological setting, see Federico et al. 
(1998) and references therein.

This Li-, B-, Be-, Nb-, Ta-, and Zn-enriched miarolitic peg-
matite consists of three internally zoned dikes. In particular, the 
internal zoning of dike 1, as described in Federico et al. (1998), is 
highlighted by different coexisting mineral assemblages (mainly 
albite, muscovite, quartz, and minor tourmaline) which deÞ ne 
Þ ve zones (internal, medium and external intermediate, wall, 
and border) symmetrically distributed around a central quartz 
core. Tourmaline crystals are ubiquitous, but are particularly * E-mail: ferdinando.bosi@uniroma1.it
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ABSTRACT

The crystal-chemistry of 13 elbaite-schorl tourmaline crystals from the Cruzeiro pegmatite (Minas 
Gerais, Brazil) was studied with a multi-analytical approach (SREF, EMPA, SIMS, MS). Effective 
cation radii at the Y and Z sites and site populations were reÞ ned by a minimization procedure. The 
results indicate that the crystals belong to the alkali group. Elbaite crystals are O2�-free at the W and 
V sites and show OH content at the O2 site (up to 0.2 apfu). Conversely, schorl crystals always show 
O2� at the W site. The main substitutional mechanism is the dehydroxylation type:

YFe2+ + YFe3+ + WO → YLi + YAl + W(OH+F).

The T site is characterized by TSi → TAl substitution. <X-O> is linearly correlated with vacancy 
content in crystals with (OH + F) ≤ 4, whereas it is almost constant in crystals with OH at the O2 
position. Along the series, <Y-O> is inversely correlated with YAl. The Z site is almost fully occupied 
by R3+ (with ZAl largely dominant) and the ZFetot ↔ ZAl substitution explains the inverse correlation 
of <Z-O> with ZAl. 

In the elbaite compositional range, lattice parameters are functions of <Y-O>, whereas in the schorl 
range they are essentially functions of <Z-O>. Along the whole elbaite-schorl series, both chemical 
substitutions and size increase of Y are far larger than those of Z. In spite of this, lattice parameters 
increase with <Y-O> as much as with <Z-O>. This is due to the role of the [ZO6] polyhedra, which 
extend along a and c to form the skeleton of the tourmaline structure. Therefore, any change in the 
size of Z leads to a change in the whole structure.


