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Discovery of an Earthborn quasicrystal approximant
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SERGEY V. KRIVOVICHEV5,6

1Dipartimento di Scienze della Terra, Università di Firenze, Via La Pira 4, Florence, I-50121, Italy
2Cabri Consulting Inc., 514 Queen Elizabeth Drive, Ottawa, K1S 3N4 Ontario, Canada

3Institute of Physics, Slovak Academy of Sciences, 84511 Bratislava, Slovakia
4Czech Geological Survey, Geologická 6, 152 00 Prague 5, Czech Republic

5Department of Crystallography, Institute of Earth Sciences, St. Petersburg State University, Universitetskaya Emb. 7/9,
199034 St. Petersburg, Russia

6Nanomaterials Research Centre, Kola Science Centre, Russian Academy of Sciences, Fersmana Str. 14, 184209 Apatity,
Murmansk Region, Russia

ABSTRACT

Natural quasicrystals, compounds with characteristics intermediate between crystalline material and
glass, have been so far discovered in extraterrestrial materials only. Furthermore, their occurrence in
nature is limited tometallic, Al-bearing alloys. The presence ofmetallic aluminum in theseminerals raised
doubts about their potential occurrence in terrestrial rocks. The geochemical conditions needed to form
metallic Al are so reducing that they are considered very unlikely in a terrestrial environment. Given the
report of dodecagonal symmetry in the synthetic Ta1.6Te quasicrystal, the search for terrestrial quasicrys-
tals was focused on natural tellurides.

Here, we report the discovery of the first terrestrial approximant of a dodecagonal quasicrystal, a
Pd-Ni-telluride with formula Pd3Ni4Te8 and tetragonal symmetry, which was found as small inclu-
sions in a rock sample from Kalgoorlie, Western Australia. Periodic approximants are crystalline
materials that share a similar chemical composition with quasicrystals but have a slightly altered
atomic structure, aligning their symmetry with the traditional principles of three-dimensional crys-
tallography. These crystalline approximants provide insights into the local atomic structure of their
corresponding quasicrystals.

Natural Pd3Ni4Te8 has been approved as a newmineral by the InternationalMineralogical Association
with the name proxitwelvefoldite (IMA 2024-034). The Pd3Ni4Te8 composition has never been reported
to form quasicrystal approximants among synthetic products and could indicate the possible existence of a
12-fold quasicrystal in the Pd-Ni-Te system. The discovery points to the possibility that the quasicrystal-
line structure may be much more common than previously thought, even in non-alloy systems.
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INTRODUCTION

Quasicrystals are unique solids that exhibit neither the periodic
order of conventional crystals nor the randomness of amorphous
materials. Instead, their atomic arrangement is characterized by
Bragg peak diffraction and point symmetries, but lacks transla-
tional periodicity, a property known as quasiperiodicity (Levine
and Steinhardt 1984). The discovery of quasicrystals in the labo-
ratory (Shechtman et al. 1984) sparked decades of intense
research aimed at understanding this novel form of solid matter.

The two quasicrystal (QC) phases discovered in nature were
found in the Khatyrka meteorite, a CV3 carbonaceous chondrite
(Bindi et al. 2012; MacPherson et al. 2013; Hollister et al.
2014; Lin et al. 2017; Meier et al. 2018). They are: icosahedrite,
Al63Cu24Fe13 (Bindi et al. 2009, 2011), with icosahedral symme-
try, and decagonite, Al71Ni24Fe5 (Bindi et al. 2015a, 2015b), with
decagonal symmetry. The chemical compositions of both natural

quasicrystals closely matched those of QC phases previously syn-
thesized in the laboratory under standard pressure (Tsai et al.
1987, 1989).

Besides quasicrystals, approximants also play an important
role in providing a well-defined basis for modeling the local
atomic structure of related quasicrystals. A periodic approximant
is a recognized technical term referring to a crystalline solidwith a
chemical composition similar to that of a quasicrystal, but with a
slightly distorted atomic arrangement that adheres to the conven-
tional laws of three-dimensional crystallography. The discovery
of approximants forming under natural, far-from-equilibriumcon-
ditions may suggest the existence and stability of additional types
of quasicrystals under non-standard environments. During the
examination of Khatyrka meteorite fragments recovered from a
2011 expedition to the Koryak Mountains in far eastern Russia
(Steinhardt andBindi 2012;Bindi andSteinhardt 2014;Bindi et al.
2020), the first extraterrestrial, natural periodic approximant to
decagonal Al71Ni24Fe5 was discovered (Bindi et al. 2018). The
approximant, with the chemical formula Al34Ni9Fe2, does not
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