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INTRODUCTION

Optically abnormal sectors have been observed under po-
larized optical microscopy in many macroscopic minerals such
as zeolites and garnet since the late 19th century (see Brauns
1881), and attributed to structural strain following crystal
growth (e.g., Kahr and McBride 1992). However, Akizuki and
co-workers found structurally distinct sectors in numerous min-
erals such as zeolites (e.g., Akizuki 1986) and apophyllite
(Akizuki and Terada 1998), where the crystal symmetry was
often different from sector to sector because of differences of
Al-Si atomic ordering or O-H bond orientations. Hence, they
attributed the anomalous optical symmetry to crystal structures
that were produced during crystal growth.

A core-to-margin zonal structure is common in tourmaline.
Slightly optical biaxial tourmaline was reported with 2E (E is
apparent optic angle in air which refraction gives rise) approach-
ing 10° (Madelung 1883). Subsequently, for over 100 years, it
has been believed that the biaxial domains were due to strain
after crystal growth and that the true symmetry of tourmaline
was trigonal. Sectoral structures have been rarely described in
tourmaline. Henry et al. (1999) described sectors correspond-
ing to crystal faces in trigonal alkali Na-tourmaline from
Mexico, and found chemical differences between the (+) c-pole
and (-) c-pole, and between the o and r sectors. Dunn et al.
(1977) reported a new tourmaline mineral from Antsirabe,
Madagascar, named liddicoatite. The specimens of liddicoatite

showed clear zoning, but the Ca/Na value remained almost
constant from zone to zone. Crystals were optically uniaxial
and negative. Subsequently, Hawthorne and Henry (1999) pro-
posed a classification of the minerals of the tourmaline group,
and Aurisicchio et al. (1999) have described chemically homo-
geneous liddicoatite from Madagascar.

The objective of the present study is to document the inter-
nal texture, chemical composition and symmetry of liddicoatite-
elbaite tourmaline by polarized optical microscopy, interference
optical microscopy, four circle X-ray diffractometer, transmis-
sion electron microscopy (TEM, 200 kV), Fourier transform
infrared spectrometry using a polarizer (FTIR), and electron-
probe microanalysis (EPMA).

EXPERIMENTAL METHODS

Tourmaline crystals from a pegmatite in Jochy, Madagas-
car were bound by a(112–0), m(10–10), and r(10–11) faces ac-
cording to crystal class symmetry 3m. The specimens were
about 1 cm wide and 1.5 cm long. The prism faces consisted of
fine striations parallel to the c axis. The specimens were brown
in hand specimen, but colorless or pale pinkish in thin section.
Five crystals were investigated, and the optical properties,
chemical compositions and unit-cell parameters of two speci-
mens (labeled A and B) are described below.

Chemical compositions were determined by EPMA (Jeol,
JXA-8800M) operating at 20 kV and 10 nA beam current and
defocused beam diameter of about 5 µm. NaCl was used as
standard for Na, forsterite (Mg2SiO4) for Mg and Si, fayalite
(Fe2SiO4) for Fe, pyrophanite (MnTiO3) for Ti and Mn, corun-* E-mail: t-kuri@mail.cc.tohoku.ac.jp
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ABSTRACT

Crystals of liddicoatite-elbaite tourmaline from a pegmatite in Jochy, Madagascar are composed
of o{022–1}, r{10–11}, c{0001}, a{112–0}, and m{10–10} sectors, which correspond to the prominent
crystal faces, respectively. Therefore, the sectors were produced during growth, not by strain after
growth. The o, m, and r sectors of one specimen are biaxial between crossed polars [2V(-) = 30°,
20°, and 15°, respectively] and triclinic, as indicated by X-ray diffraction. The a sector is optically
biaxial and orthorhombic. The c sector is optically uniaxial and essentially trigonal as indicated by
single-crystal X-ray diffraction. The o, r, and c sectors are of liddicoatite component, whereas the a
sector of the one specimen corresponds to fluor-elbaite. Another crystal specimen comprises a and
m sectors, which are polysynthetically twinned, resulting in striations parallel to the c axis on the
prism faces, and of liddicoatite. All five sectors have vacancies in the X-site (Ca, Na, ■  ).


