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INTRODUCTION

There has been much recent work on the crystal chemistry
of tourmaline (Hawthorne 1996; Hawthorne and Henry 1999
and references therein) due to the application of new and more
accurate analytical techniques (Foit and Rossenberg 1977;
Povondra and Novák 1986; Hawthorne 1995; Hervig 1996;
McGee and Anovitz 1996; Dyar et al. 1998; Ottolini and
Hawthorne 1999; Ottolini et al. 2002) and the renewed interest
in understanding phase relations of B-bearing minerals in ig-
neous, sedimentary, and metamorphic rocks (Henry and
Guidotti 1985; Povondra and Novák 1986; London et al. 1996;
Grew 1996; Henry and Dutrow 1996; Henry et al. 1999).
Hawthorne and Henry (1999) reviewed the crystal-chemical
aspects of chemical substitutions and structural features in tour-
maline. Several substitutions in tourmaline involve light ele-
ments, and heterovalent substitutions at anion sites cannot be
identified easily without accurate analysis of H and F. There-
fore, studies addressing higher accuracy in the determination of
these elements in tourmaline are crucial to further the understand-
ing of chemical substitutions and order-disorder schemes.

METHODS

Sample description and preparation

The three samples of tourmaline are from the Harvard Min-
eralogical Museum, and were kindly provided by Carl A.
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ABSTRACT

The crystal structures of three tourmaline crystals: (Na0.49 K0.01 Ca0.48) (Mg1.35 Fe2+
0.94 Fe3+

0.49 Ti0.20)
(Al4.58 Fe3+

0.62 Mg0.80) (Si5.99 Al0.01) O18 (BO3)3.03 (OH)3.18 F0.18 O0.64, a = 16.017(2), c = 7.256(2) Å, V =
1612.2(4) Å3, R3m, Z = 3; (Na0.64 K0.01 Ca0.03) (Mn0.18 Fe2+

1.71 Al0.88 Li0.11 Zn0.03 Ti0.07) (Al5.67 Fe3+
0.28

Mg0.05) (Si5.76 Al0.24) O18 (BO3)2.99 (OH)3.96 F0.17, a = 15.983(2), c = 7.152(2) Å, V = 1582.1(4) Å3;
(Na0.81 K0.01 Ca0.01) (Mn0.02 Mg0.61 Fe2+

0.90 Al0.80 Li0.70 Zn0.01 Ti0.06) Al6.00 (Si5.97 Al0.03) O18 (BO3)2.93 (OH)3.42

F0.55 O0..03, a = 15.921(3), c = 7.137(2) Å, V = 1566.7(6) Å3, have been refined to R-indices of 1.3–
2.2% using X-ray intensity data collected with a four-circle diffractometer using MoKa X-radiation.
The crystals were analyzed by electron- and ion-microprobe techniques for all major and minor
elements in the crystals. Unit formulae were calculated on the basis of 31 anions (O, OH, F) and the
Fe3+/(Fe2+ + Fe3+) ratio was calculated for electroneutrality. The refined site-scattering values and the
observed <Y-O> and <Z-O> distances were used to assign site populations that are in accord with
the unit formulae calculated from the electron- and ion-microprobe compositions. The B contents
are equal to 3.0 apfu (atoms per formula unit) within experimental error. In two of the crystals, (OH
+ F) = 4.0 apfu. However, the third crystal has (OH + F) = 3.36 apfu and O2– is dominant at the
W(O1) site, and is an “oxy” tourmaline as defined by Hawthorne and Henry (1999). Non-spherical
electron-density was observed at the X site, suggesting that there is some positional disorder at this
site associated with occupancy of X by Ca and Na, possibly coupled with variable anion occupancy
of the O1 site.

Francis and M. Darby Dyar. Crystal 1 is a fragment from a
large crystal from Madagascar (Frondel et al. 1966). Crystal 2
is from a black nodule from the Alto Lighona pegmatite field,
Zambezia, Mozambique. Crystal 3 is from a pegmatite at Minas
Gerais, Brazil. Table 1 reports the sample names and crystal-
structure refinement information. These same samples were
analyzed by Dyar et al. (1998) (1,2,3 in their sample list), who
examined a larger group of tourmaline samples by Mössbauer
spectrometry, EMPA, SIMS, and H-line extraction. A comple-
mentary SREF study of some samples of this set (Bloodaxe et
al. 1999) did not include the samples reported here.

The crystals selected for study were glued onto glass fibres,
mounted on a Philips PW1100 4-circle diffractometer, and a
complete data collection was done for each crystal.

The mounting procedure for chemical analysis is described
in Ottolini et al. (2002).

Electron microprobe analysis (EMPA)

Electron microprobe analysis was done at the University of
Manitoba and at the Geological Survey of Canada (Ottawa) on
fully automated CAMECA SX50 instruments operating in
wavelength-dispersive mode. For elements with Z > 9, the fol-
lowing conditions were used: excitation voltage = 15 kV; speci-
men current = 20 nA; peak-count time = 20 s; and
background-count time = 10 s. The following standards for Ka
X-ray lines were used: P = VP2O7; Si = almandine; Al = kyan-
ite; Ti = titanite; Fe = fayalite; Mn = spessartine; Zn = gahnite;
Mg = forsterite; Ca = diopside; Sr = celestite; Na = albite; K =


