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Steinhardtite, a new body-centered-cubic allotropic form of aluminum from the Khatyrka 
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aBStract

Steinhardtite is a new mineral from the Khatyrka meteorite; it is a new allotropic form of aluminum. 
,W�RFFXUV�DV�UDUH�FU\VWDOV�XS�WR�a���ȝP�DFURVV�LQ�PHWHRULWLF�IUDJPHQWV�WKDW�FRQWDLQ�HYLGHQFH�RI�D�KHWHUR-
geneous distribution of pressures and temperatures during impact shock, in which some portions of the 
meteorite reached at least 5 GPa and 1200 °C. The meteorite fragments contain the high-pressure phases 
ahrensite, coesite, stishovite, and an unnamed spinelloid with composition Fe3–xSixO4 (x�§�������2WKHU�
minerals include trevorite, Ni-Al-Mg-Fe spinels, magnetite, diopside, forsterite, clinoenstatite, nepheline, 
pentlandite, Cu-bearing troilite, icosahedrite, khatyrkite, cupalite, taenite, and Al-bearing taenite. Given 
the exceedingly small grain size of steinhardtite, it was not possible to determine most of the physical 
properties for the mineral.

A mean of 9 electron microprobe analyses (obtained from two different fragments) gave the formula 
Al0.38Ni0.32Fe0.30, on the basis of 1 atom. A combined TEM and single-crystal X-ray diffraction study 
revealed steinhardtite to be cubic, space group Im3m, with a = 3.0214(8) Å, and V = 27.58(2) Å3, Z = 2. 
In the crystal structure [R1 = 0.0254], the three elements are disordered at the origin of the unit cell in a 
ERG\�FHQWHUHG�FXELF�SDFNLQJ��Į�)H�VWUXFWXUH�W\SH���7KH�¿YH�VWURQJHVW�SRZGHU�GLIIUDFWLRQ�OLQHV�>d in Å (I/I0) 
(hkl)] are: 2.1355 (100) (110); 1.5100 (15) (200); 1.2329 (25) (211); 0.9550 (10) (310); 0.8071 (30) (321).

The new mineral has been approved by the IMA-NMNC Commission (2014-036) and named in honor 
of Paul J. Steinhardt, Professor at the Department of Physics of Princeton University, for his extraordi-
nary and enthusiastic dedication to the study of the mineralogy of the Khatyrka meteorite, a unique CV3 
FDUERQDFHRXV�FKRQGULWH�FRQWDLQLQJ�WKH�¿UVW�QDWXUDO�TXDVLFU\VWDOOLQH�SKDVH�LFRVDKHGULWH�

The recovery of the polymorph of Al described here that contains essential amounts of Ni and Fe 
suggests that Al could be a contributing candidate for the anomalously low density of the Earth’s pre-
sumed Fe-Ni core.
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introduction

In the course of a detailed investigation of fragments belonging 
to the Khatyrka meteorite (Steinhardt and Bindi 2012; MacPher-
son et al. 2013; Bindi and Steinhardt 2014), we found a metallic 
AlNiFe mineral (Hollister et al. 2014) that turned out to have the 
characteristics of a new mineral species.

Here we report the structural and chemical study leading to the 

description of this new mineral, which was named steinhardtite 
after Paul J. Steinhardt, Professor at the Department of Physics 
of Princeton University and Director of the Princeton Center for 
Theoretical Science, for his extraordinary and enthusiastic dedi-
cation to the study of the mineralogy of the Khatyrka meteorite, 
a unique CV3 carbonaceous chondrite hosting the first natural 
quasicrystal icosahedrite (Bindi et al. 2009, 2011, 2012). More-
over, decagonal quasicrystalline alloys have been described in the 
Al-Ni-Fe system (e.g., Lemmerz et al. 1994; Parshin et al. 2009), 
thus representing an added reason for the dedication: Steinhardt’s 
pioneering contribution to the theoretical development of quasipe-


