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ABSTRACT

Germanium is a classic trace element that rarely forms its ownminerals but plays a significant role
in geochemical and cosmochemical classification schemes. The geochemical behavior of Ge is very
contrasting, depending on the redox environment and sulfur activity in the geosystems. Siderophile
germanium, in the form of native germanides, has been reported in several terrestrial and meteoritic
occurrences, but the majority of these phases have been poorly characterized. In this study, we report
the discovery of Ni3Ge, a new germanide mineral, named olgafrankite in honor of Olga Victorovna
Frank-Kamenetskaya, Saint Petersburg State University, Russia. The mineral, previously mentioned
in the Rumuruti meteorite (the prototype of the R-type chondrites), has been discovered and studied
in this work from terrestrial basalts of the Dzhaltul intrusion in the Norilsk ore region, Siberia,
Russia. Olgafrankite crystals up to 5 × 7 μm in size were found within magnetite-pentlandite
assemblages confined to massive centimeter-sized aggregates of native (telluric) iron. Other
associated minerals are graphite, cohenite (Fe3C), Ge-bearing taenite (γ-Fe,Ni) (more than 1 wt% Ge),
tetrataenite (FeNi), and various sulfides. In reflected light, olgafrankite is bright white with a pink
tint. The empirical formula of the mineral calculated on the basis of 4 atoms per formula unit is
(Ni2.72Fe0.28Co0.01)Σ3.01(Ge0.97S0.02)Σ0.99. Electron backscattered diffraction analysis revealed that
olgafrankite is cubic (space group Pm3̄m) and isostructural with synthetic Ni3Ge. Rietveld analysis of
the powder X-ray diffraction data has confirmed the space group of olgafrankite and allowed for the
refinement of its unit-cell parameter, a = 3.5784(2) Å. The mineral belongs to the perovskite supergroup,
B-site-vacant single antiperovskites, auricupride subgroup. In terms of crystal structure and chemical
composition, olgafrankite is a direct germanium analog of nisnite, Ni3Sn, and carletonmooreite, Ni3Si.
Here we demonstrate that the new germanide can be an important but still obscure germanium carrier in
some reduced assemblages, in particular in iron- and stony-iron meteorites, where the well-known
significant correlations between nickel and germanium may be accounted for by the presence of finely
dispersed olgafrankite precipitates.
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INTRODUCTION

Germanium is an element with intriguing geochemistry,
being distinctly lithophile, chalcophile, organophile, or sidero-
phile, depending on the redox environment and sulfur fugacity
(e.g., Bernstein 1985). Germanium is most commonly lithophile
and scattered in silicateminerals due to the [4]Ge4� for [4]Si4� sub-
stitution (e.g., Höll et al. 2007), which results in almost constant
Ge/Si ratios of fresh igneous rocks. Since germanium and silicon
are fractionated during weathering of silicate rocks, the Ge/Si ratio
is used to estimate the degree of weathering of terrestrial rocks
(e.g., Kurtz et al. 2002). The highest germanium concentrations

occur when it shows chalcophile behavior in Zn-/Cu-rich sulfide
ore (e.g., Lombaard et al. 1986), organophile—in coal/lignitized
wood (e.g., Qi et al. 2011), and siderophile—in iron-rich reduced
extraterrestrial (e.g.,Wasson 1966) and terrestrial (e.g., Rosenberg
2009) systems. Interestingly, various Ge-rich, oxygen-free miner-
als, including germanides, have been found in crustal metal-rich
rocks. Recently, marathonite, Pd25Ge9, and palladogermanide,
Pd2Ge, have been discovered in the Marathon deposit, Canada
(McDonald et al. 2021). In addition, a series of germanides was
reported from basaltic shields of the Norilsk ore region, Russia
(Lapkovsky and Ryabov 2010; Ryabov and Agafonov 2013).

Germanium content is known to be among the most useful
indicators of the origin of iron meteorites and metal phases in
chondrites (e.g., Wasson 1974; Goldstein et al. 2009). It is worth
noting that several decades of studies have shown a direct
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