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Abstract
Until 2009, the only known quasicrystals were synthetic, formed in the laboratory under highly 

controlled conditions. Conceivably, the only quasicrystals in the Milky Way, perhaps even in the Uni-
verse, were the ones fabricated by humans, or so it seemed. Then came the report that a quasicrystal 
with icosahedral symmetry had been discovered inside a rock recovered from a remote stream in far 
eastern Russia, and later that the rock proved to be an extraterrestrial, a piece of a rare CV3 carbonaceous 
chondrite meteorite (known as Khatyrka) that formed 4.5 billion years ago in the pre-solar nebula. At 
present, the only known examples of natural quasicrystals are from the Khatyrka meteorite. Does that 
mean that quasicrystals must be extremely rare in the Universe? In this speculative essay, we present 
several reasons why the answer might be no. In fact, quasicrystals may prove to be among the most 
ubiquitous minerals found in the Universe. 
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Introduction
The discovery of a synthetic alloy of aluminum and man-

ganese with nearly point-like diffraction and axes of fivefold 
symmetry (Shechtman et al. 1984) and the proposal of the 
quasicrystal theory to explain it (Levine and Steinhardt 1984) 
shocked the worlds of crystallography and condensed matter 
physics. The laws of crystallography had been established 
since the nineteenth century. They had played a historic role in 
establishing the atomic theory, had represented the first compel-
ling example of the power of group theory to explain physical 
phenomena, and were viewed as completely settled science. Only 
a finite set of symmetries were possible for solids, according to 
the laws; fivefold, sevenfold, and higher-fold rotational sym-
metries were completely verboten. The quasicrystal theory not 
only revealed that these laws were overly restrictive, but that 
literally an infinite number of symmetry possibilities had been 
missed (Socolar et al. 1985).

The key realization was that the long-held assumption that any 
orderly arrangement of atoms or molecules must be periodic—is 
not true. The quasicrystal theory (Levine and Steinhardt 1984) 
considered an alternative known as quasiperiodicity in which 
the intervals between atoms are described by a sum of two or 
more periodic functions for which the ratio of periods is an ir-
rational number. Quasiperiodicity in solids had been considered 
before 1984 in cases with the usual crystallographic symmetries 
(two-, three-, four-, and sixfold symmetry axes). Solids of this 
type, known as incommensurate crystals, had been discovered 

in the laboratory and in nature (Bindi and Chapuis 2017). But 
what was missed before 1984 is that, by allowing for quasiperi-
odicity, it is possible to have symmetries that had been thought 
to be forbidden. In fact, all constraints on rotational symmetry 
are lifted, including fivefold symmetry in two dimensions and 
icosahedral symmetry in three dimensions. (The icosahedron is a 
three-dimensional Platonic solid with 20 identical faces in a con-
figuration that includes six independent fivefold symmetry axes.)

The hypothetical rule-breaking forms of matter were dubbed 
quasicrystals, short for quasiperiodic crystals. The independent 
discovery by Shechtman et al. (1984) of a real synthetic alloy 
with apparent icosahedral symmetry and with a diffraction pat-
tern similar to that predicted for icosahedral quasicrystals gave 
birth to a field that has since synthesized nearly 200 other qua-
sicrystalline forms of matter and identified distinctive physical 
properties that have led to numerous applications (e.g., Janot and 
Dubois 1988; Steurer 2018). The first examples were metastable 
phases formed by rapidly quenching a liquid mix of metals and 
were composed of grains spanning only a few micrometers. 
Nearly half the examples known today are stable phases with 
grain sizes ranging to centimeter scale. All these laboratory 
examples, though, were grown from specially chosen combina-
tions of ingredients brought together under highly controlled 
conditions of temperature and pressure. These experiences sug-
gested that quasicrystals only occur through human intervention.

The story changed in 2009 with the discovery of a quasicrystal 
grain with icosahedral symmetry embedded in a rock sample 
found in the Museo di Storia Naturale of the Università degli 
Studi di Firenze (Italy) identified as coming from the Khatyrka 
ultramafic zone in the Koryak Mountains in the Chukotka 

American Mineralogist, Volume 105, pages 1121–1125, 2020

0003-004X/20/0008–1121$05.00/DOI: https://doi.org/10.2138/am-2020-7519       1121 

* E-mail: luca.bindi@unifi.it. ORCID 0000-0003-1168-7306.

mailto:luca.bindi@unifi.it
https://orcid.org0000-0003-1168-7306



