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Tschörtnerite, a copper-bearing zeolite from the Bellberg volcano, Eifel, Germany
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ABSTRACT

The new mineral tschörtnerite, ideally Ca4(K,Ca,Sr,Ba)3Cu3(OH)8[Si12Al12O48]·xH2O, x $
20, occurs as well-formed cubes up to a maximum size of 0.15 mm in a Ca-rich xenolith
at the Bellberg volcano near Mayen, Eifel, Germany. The light blue, transparent crystals
are optically isotropic, n 5 1.504(2). Microprobe analysis (in weight percent) gave CaO
13.10, CuO 9.64, SrO 4.49, BaO 1.93, K2O 1.37, Fe2O3 0.30, Al2O3 25.21, SiO2 30.25,
H2O (calc. by difference) 13.71. The empirical formula based on 48 O atoms within the
tetrahedral net is Ca5.60Sr1.04K0.70Ba0.30Cu2.90Fe0.09Al11.85Si12.06O48(OH)8.44·14.01H2O. Tschörtnerite
is cubic, space group Fm3m [a 5 31.62(1) Å, V 5 31614 Å3, Z 5 16]. The density is
Dmeas 5 2.1 g/cm3, Dcalc 5 2.10 g/cm3. Single-crystal X-ray investigations showed that
tschörtnerite is a zeolite; the structure contains interconnection of double six-rings, double
eight-rings, sodalite cages, truncated cubo-octahedra, and previously unknown 96-mem-
bered cages (tschörtnerite cage). A new structural unit is the [Cu12(OH)24]Ca8O24(H2O)8

cluster centered within the truncated cubo-octahedron. The cluster is formed by a rhomb-
dodecahedron-like arrangement of corner connected CuO4 squares, the eight CaO7 poly-
hedra are branched. The sodalite cage houses Ca4(OH)4O12 clusters of edge-sharing CaO6

octahedra. Half-occupied (K,Ca,Sr,Ba) positions were located in the basal and top face of
the double eight-rings, i.e., the border to the tschörtnerite cage. Within the large tschört-
nerite cage only H2O molecules were localized.

INTRODUCTION

In 1993, very small light-blue crystals were detected
in one xenolith of the Bellberg volcano, Eifel, Germany.
The crystals turned out to be a new zeolite mineral with
some remarkable structural features: (1) a conspicuously
large unit cell; larger cells have been described for the
zeolites paulingite (Bieniok et al. 1996; Lengauer et al.
1994, 1997), NaZ-21 (Shepelev et al. 1983), and N (Fälth
and Andersson 1982); (2) a topologically new and ex-
tremely large cage resulting in the lowest framework den-
sity known for a zeolite with fully cross-linked frame-
works (Meier et al. 1996); (3) an ordered copper-cluster.
Up to now, the incorporation of Cu into a zeolite has been
described predominantly for exchange reactions (Gallezot
et al. 1972; Maxwell and Boer 1975; Martı́ et al. 1976;
Pluth et al. 1977; Lee and Seff 1981; Kaushik and Rav-
indranathan 1992; Vlessidis et al. 1993; Lee and Kevan
1994; Moretti 1994; Kucherov et al. 1995a, 1995b and
references therein; for Cu atoms on framework sites in a
pollucite analogue cf. Heinrich and Baerlocher 1991). (4)
A substantial part of the non-framework cations is located
on fully occupied atomic positions; they are strongly
bound to the tetrahedral net, hydroxyl groups complete
their regular coordination, and they show only weak in-
teractions toward H2O molecules. For a preliminary note
see Krause et al. (1997).

The new mineral was named tschörtnerite; the name is
for Jochen Tschörtner, mineral collector and finder of the
new mineral, and was approved by the IMA-Commission
on New Minerals and Mineral Names (no. 95-051) prior
to publication. Type material including the crystal used
for the structure investigation is deposited at the Institut
für Mineralogie, Ruhr-Universität Bochum, Germany.

OCCURRENCE AND PARAGENESIS

Tschörtnerite occurs in the fragments of one Ca-rich
xenolith in leucite tephrite lava at the Bellberg volcano
(or Bellerberg on older maps), near Mayen, in the Laach-
er See volcano area, Eifel, Germany. The xenolith was
broken into several small specimens, some containing a
few crystals or even only one single crystal of the new
mineral. The total amount of pure material is much below
1 mg. No further samples have been discovered. Tschört-
nerite is associated with chalcopyrite, which seems to be
the Cu source for the formation of the new mineral.
Sometimes tschörtnerite is directly grown on altered chal-
copyrite. The second copper-bearing mineral of this para-
genesis is cuprite, forming octahedra sometimes grown
on wollastonite needles. Tschörtnerite occurs together
with other zeolites; associated species (in order of de-
creasing frequency) are willhendersonite, phillipsite, gis-
mondine, strätlingite, and bellbergite.


