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aBStraCt

Our nanomineralogy investigation of the Khatyrka CV3 carbonaceous chondrite has revealed 
three new alloy minerals—hollisterite (IMA 2016-034; Al3Fe), kryachkoite [IMA 2016-062; 
(Al,Cu)6(Fe,Cu)], and stolperite (IMA 2016-033; AlCu)—in section 126A of USNM 7908. Hollisterite 
occurs only as one crystal with stolperite, icosahedrite, and khatyrkite, showing an empirical formula 
of Al2.89Fe0.77Cu0.32Si0.02 and a monoclinic C2/m structure with a = 15.60 Å, b = 7.94 Å, c = 12.51 Å, b = 
108.1°, V = 1472.9 Å3, Z = 24. Kryachkoite occurs with khatyrkite and aluminum, having an empirical 
formula of Al5.45Cu0.97Fe0.55Cr0.02Si0.01 and an orthorhombic Cmc21 structure with a = 7.460 Å, b = 6.434 
Å, c = 8.777 Å, V = 421.3 Å3, Z = 4. Stolperite occurs within khatyrkite, or along with icosahedrite 
and/or hollisterite and khatyrkite, having an empirical formula of Al1.15Cu0.81Fe0.04 and a cubic Pm3m 
structure with a = 2.9 Å, V = 24.4 Å3, Z = 1. Specific features of the three new minerals, and their 
relationships with the meteorite matrix material, add significant new evidence for the extraterrestrial 
origin of the Al-Cu-Fe metal phases in the Khatyrka meteorite. Hollisterite is named in honor of Lincoln 
S. Hollister at Princeton University for his extraordinary contributions to earth science. Kryachkoite 
is named in honor of Valery Kryachko who discovered the original samples of the Khatyrka meteorite 
in 1979. Stolperite is named in honor of Edward M. Stolper at California Institute of Technology for 
his fundamental contributions to petrology and meteorite research.
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introduCtion

During a nanomineralogy investigation of the Khatyrka CV3 
carbonaceous chondrite, we have identified three new alloy 
minerals—hollisterite (Al3Fe with a C2/m structure), kryachkoite 
[(Al,Cu)6(Fe,Cu) with a Cmc21 structure], and stolperite (AlCu 
with a Pm3m CsCl structure)—in metal assemblages in section 
126A of USNM 7908 (Fig. 1). The section belongs to the larger 
Grain 126 (Bindi et al. 2015a), which is one of the fragments re-
covered from an expedition to the Koryak Mountains in far eastern 
Russia in 2011 (Steinhardt and Bindi 2012; Bindi and Steinhardt 
2014) as a result of a search for samples that would provide infor-
mation on the origin of the quasicrystal mineral icosahedrite (Bindi 
et al. 2009, 2011, 2012). The recovered fragments have meteoritic 
(CV3-like) oxygen isotopic compositions and are identified col-
lectively as coming from the Khatyrka meteorite (MacPherson et 
al. 2013), a recently described CV3 carbonaceous chondrite that 
experienced shock metamorphism, local melting (with condi-
tions exceeding 5 GPa and 1200 °C in some locations), and rapid 
cooling, all of which likely resulted from impact-induced shock 
in space (Hollister et al. 2014). Khatyrka is unique, so far being 
the only meteorite to host metallic Al.

A field-emission scanning electron microscope (SEM) 
equipped for energy-dispersive X-ray spectrometry (EDS) and 

electron backscattered diffraction (EBSD), as well as an electron 
probe microanalyzer (EPMA) were used to characterize chemical 
compositions and structures of minerals in section 126A. Syn-
thetic Al3Fe with a C2/m structure, (Al,Cu)6(Fe,Cu) with a Cmc21 
structure, and AlCu with a Pm3m structure, are well known as l, 
a, and b phase, respectively, in the Al-Fe-Cu system (e.g., Black 
1955; Black et al. 1961; Freiburg and Grushko 1994; Zhang et 
al. 2005). We present here their first natural occurrence as new 
minerals in close association with the first quasicrystalline mineral 
icosahedrite in a primitive meteorite. Preliminary results on hol-
listerite and stolperite are given in Ma et al. (2016b).

MineraL naMeS and tyPe MateriaLS

The three new minerals, hollisterite (IMA 2016-034), kry-
achkoite (IMA 2016-062), and stolperite (IMA 2016-033), have 
been approved by the IMA Commission on New Minerals, 
Nomenclature and Classification (Ma et al. 2016a, 2016c; Lin et 
al. 2016). Hollisterite is named in honor of Lincoln S. Hollister, 
Emeritus Professor in the Department of Geosciences at Princeton 
University, for his extraordinary contributions to Earth science in 
general. Throughout his career, Lincoln Hollister has studied the 
largest metamorphic complex in the world: the Coast Mountains 
of British Columbia, Canada, and southeast Alaska. Moreover, 
his enthusiastic support of the quasicrystal project and, more 
specifically, his contributions to the study of the mineralogy of 
the Khatyrka meteorite, a unique CV3 carbonaceous chondrite, 
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