American Mineralogist, Volume 89, pages 1341–1347, 2004

LETTER

Periodic precipitation pattern formation in hydrothermally treated metamict zircon
THORSTEN GEISLER,1,* ANNE-MAGALI SEYDOUX-GUILLAUME,1,† MICHAEL WIEDENBECK,2
RICHARD WIRTH,2 JASPER BERNDT,1 MING ZHANG,3 BORIANA MIHAILOVA,4 ANDREW PUTNIS,1
EKHARD K.H. SALJE,3 AND JOCHEN SCHLÜTER5
Institut für Mineralogie, University of Münster, Corrensstrasse 24, D-48149 Münster, Germany
2
GeoForschungsZentrum Potsdam, Telegrafenberg, D-14473 Potsdam, Germany
3
Department of Earth Sciences, University of Cambridge, Downing Street, Cambridge CB2 3EQ, U.K.
4
Institute of Applied Mineralogy, Bulgarian Academy of Science, Rakovski Str. 92, 1000 Sofia, Bulgaria
5
Mineralogisches Museum, University of Hamburg, Grindelallee 48, D-20146 Hamburg, Germany
1

ABSTRACT
For more than 100 years mineralogists, physicists, chemists, geologists, and biologists have discussed the formation of periodic Liesegang patterns observed in natural and experimental systems.
Spectacular examples of minerals showing complex periodic patterns are agate, malachite, and
sphalerite. Here we report the first observation of Liesegang-like patterns in hydrothermally treated
metamict (i.e., amorphous) zircon. The structures observed show curved bands, radial sets of pocketlike wave fronts or irregular curved patterns in both cathodoluminescence and backscattered electron
images. They are composed of alternating zones of crystallographically well-aligned, polycrystalline
zircon along with remnant amorphous pockets and a phase assemblage of randomly oriented zircon
crystallites, monoclinic ZrO2, and amorphous SiO2, as revealed by transmission electron microscopy.
Analyses by secondary ion mass spectrometry and electron microprobe reveal that the latter zones are
characterized by higher hydrogen concentrations and higher Zr-Si ratios. Both zones are also distinguishable by a distinctly different crystallite size. We propose a possible pattern-forming mechanism
that is based on a feedback of hydrogen diffusion, zircon nucleation, and the displacement of hydrogen
atoms from growing crystallites.

INTRODUCTION
The formation of periodic precipitation patterns in the wake
of a moving reaction front or interface, known as Liesegang
phenomena (Liesegang 1896), is a well known example of
spatiotemporal self-organization that has stimulated extensive
research for more than a century (Hedges 1932; Henisch 1988).
The motivation for these studies comes from the fascination with
complex patterns observed in several physicochemical, biological, and geological systems, as well as from the belief that much
can be learned about theoretical and practical problems of crystallization processes by investigating the instabilities underlying
this phenomenon. The most interesting examples of natural minerals showing Liesegang-like patterns on a macroscopic scale,
which have not yet been reproduced experimentally, are agate,
sphalerite, and malachite. Experimentally, periodic precipitation
has been observed in gelatin and other gels, in porous or granular
media like quartz sand, sulfur powder, kieselgur, gypsum, alloys,
in gas phases, and even in pure water (e.g., Hedges 1932; Spotz
and Hirschfelder 1951; Flicker and Ross 1974; Van Rooijen 1975;
Henisch 1988; Senf 1989). Unlike many other pattern-forming
systems, such as stationary Turing systems (Turing 1952), the
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initial conditions are not uniform for Liesegang pattern formation. In a classical Liesegang experiment, periodic precipitation
patterns such as rings or bands, depending on the geometry of
the system (e.g., Müller et al. 1982; Kuo et al. 1997), emerge
behind a propagating wave front when an outer reactant B (e.g.,
HCl) diffuses into a homogeneous diffusion matrix uniformly
filled with a second reactant A (e.g., AgNO3). The role of the
diffusion matrix is to prevent convective motion of A and B and
the reaction product C (AgCl in the example).
Theoretical models explaining Liesegang patterns fall into
two broad categories. The first pre-nucleation model is based
on the classical feedback cycle of supersaturation, precipitation,
and depletion as originally proposed by Ostwald (Ostwald 1897)
and later modeled by various groups (e.g., Dee 1986; Le Van
and Ross 1987; Chopard et al. 1994). In the second theory, the
so-called post-nucleation or competitive particle growth model,
it is assumed that competition between growing particles can,
by itself, produce periodic precipitation structures, even in the
absence of strong external gradients (e.g., Ortoleva 1982; Feeney
et al. 1983; Sultan and Ortoleva 1993). The periodic patterns
evolve after the nucleation phase is over through a variant of the
Lifshitz-Slyozov instability (Lifshitz and Slyozov 1961). Such a
model has been used, for example, to simulate mm-scale Fe-Zn
banding in sphalerite (Katsev and LʼHeureux 2001).
Here we report the occurrence of diverse periodic precipitation patterns in hydrothermally treated, highly metamict (i.e.,
amorphous) zircon (ZrSiO4), which further highlight the com-
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