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INTRODUCTHON

Mn-rich tourmaline has been described from several lo-
calities. Kunitz (1929) reported an Mn-rich tourmaline from
Nertschinsk, USSR, with 8.21 wt% MnO as “tsilaisite”
[Kunitz proffered the hypothetical endmember formula
NaMn3

2+Al6(Si6O18)(BO3)3(OH)4]. The name was derived from
the Tsilaisina locality in Madagascar, described by Duparc et
al. (1913). Schmetzer and Bank (1984) and Rossman and
Mattson (1986) reported MnO contents up to 6.85 wt% (FeO
below detection limit) in yellow tourmaline samples from ca.
150 km north of Chipata, Zambia. Prior to this work, the most
Mn-rich tourmaline (8.86 wt% MnO) was described by Shigley
et al. (1986) from an unknown locality (Zambia?). Morgan and
London (1999) characterized compositional variations in tour-
maline from the Little Three pegmatite, Ramona, California,
in which the MnO content reached 6.68 wt% in the most evolved

tourmaline found in miarolitic cavities. Recently, Novák (2000)
published tourmaline compositions from the zoned elbaite peg-
matite at Pikárec, Czech Republic, with up to 7.93 wt% MnO
and 0.67 wt% FeO. All these samples have Na dominant over
Ca and vacancies at the X site.

Nuber and Schmetzer (1984) determined the crystal struc-
ture of a yellow Mn-rich tourmaline (from Zambia, with MnO
= 6.72 wt%, FeO = 0.05 wt%) with the approximate composi-
tion (Na0.85Ca0.04■■ 0.11) (Al1.53Mn0.93Li0.42Ti0.04Fe0.01■■ 0.07) Al6.00

(BO3)3 (Si5.98O18) [(OH)2.63O0.37] [F0.48O0.52] (chemical analysis
by Schmetzer and Bank 1984; Ti has been assigned to the Y
site). The lattice constants of this tourmaline sample were given
as a = 15.916(3), c = 7.130(1) Å. The authors refined an occu-
pancy of 1.066(6) Al at the Y site (R = 3.0 %). Burns et al.
(1994) described the crystal structures of eight Mn-bearing to
Mn-rich tourmalines with MnO contents in the range 0.35–6.23
wt% (R = 1.8–2.5 %).

Tourmaline, highly enriched in Mn (up to 8.89 wt% MnO),
was recently found in a Variscan topaz- and cassiterite-bearing* E-mail: andreas.ertl@t-online.at

Mn-rich tourmaline from Austria: structure, chemistry, optical spectra, and relations to
synthetic solid solutions

ANDREAS ERTL,1,* JOHN M. HUGHES,2 STEFAN PROWATKE,3 GEORGE R. ROSSMAN,4

DAVID LONDON,5 AND ERIC A. FRITZ6

1Institut für Mineralogie und Kristallographie, Geozentrum, Universität Wien, Althanstrasse 14, A-1090 Vienna, Austria
2Department of Geology, Miami University, Oxford, Ohio 45056, U.S.A.

3Mineralogisches Institut, Universität Heidelberg, Im Neuenheimer Feld 236, D-69120 Heidelberg, Germany
4Division of Geological and Planetary Sciences, California Institute of Technology, Pasadena, California 91125-2500, U.S.A.

5School of Geology and Geophysics, University of Oklahoma, 100 East Boyd Street, Room 810 SEC, Norman, Oklahoma 73019, U.S.A.
63541 Paseo de Francisco no. 240, Oceanside, California 92056, U.S.A.

ABSTRACT

Yellow-brown to pink Mn-rich tourmalines with MnO contents in the range 8–9 wt% MnO (~0.1
wt% FeO) from a recently discovered locality in Austria, near Eibenstein an der Thaya (Lower
Austria), have been characterized by crystal structure determination, by chemical analyses (EMPA,
SIMS), and by optical absorption spectroscopy. Qualitatively, the optical spectra show that Mn2+ is
present in all regions of the crystals, and that there is more Mn3+ in the pink regions (~8% of the total
Mn is Mn3+) than in the yellow-brown regions. A gamma-ray irradiated crystal fragment is distinctly
pink compared to the yellow-brown color of the sample before irradiation, but it still has hints of the
yellow-brown color, which suggests that the natural pink color in Mn-rich tourmaline from this
locality is due to natural irradiation of the initial Mn2+. For these Mn-rich and Li-bearing olenite
samples, crystal structure refinements in combination with the chemical analyses give the optimized
formulae X(Na0.80Ca0.01■■0.19) Y(Al1.28Mn2

1
+
.21Li0.37Fe2+

0.02■■  0.12) ZAl6 T(Si5.80Al0.20) B3O27 [(OH)3.25F0.43O0.32],
with a = 15.9466(3) Å, c = 7.1384(3) Å, and R = 0.036 for the sample with ~9 wt% MnO, and
X(Na0.77Ca0.03■■0.20) Y(Al1.23Mn2

1
+
.14Li0.48Fe2

0
+
.02Ti0.01■■0.12)ZAl6

T(Si5.83Al0.17) B3O27 [(OH)3.33F0.48O0.19] for a
sample with a = 15.941(1) Å, c = 7.136(1) Å, R = 0.025 and ~8 wt% MnO. The refinements show
1.22–1.25 Al at the Y site. As the Mn content increases, the Li and the F contents decrease. The Li
content (0.37–0.48 apfu) is similar to, or lower than, the Li content of olenite (rim-composition)
from the type locality, but these Mn-rich tourmalines do not contain [4]B. Like the tourmaline from
Eibenstein an der Thaya, synthetic Mn-rich tourmaline (in a Li + Mn-bearing system), containing up
to ~0.9 apfu Mn (~6.4 wt% MnO), is aluminous but not Li-rich. This study demonstrates that al-
though a positive correlation exists between Mn and Li (elbaite) in tourmaline samples from some
localities, this coupling is not required to promote compatibility of Mn in tourmaline. The a param-
eter in Mn-rich tourmalines (MnO: ≥3 wt%) is largely a function of the cation occupancy of the Y
site (r2 = 0.97).


