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aBStract

This paper is a first detailed report of natural hexagonal solid solutions along the join Fe2P–Ni2P. 
Transjordanite, Ni2P, a Ni-dominant counterpart of barringerite (a low-pressure polymorph of Fe2P), 
is a new mineral. It was discovered in the pyrometamorphic phosphide assemblages of the Hatrurim 
Formation (the Dead Sea area, Southern Levant) and was named for the occurrence on the Transjordan 
Plateau, West Jordan. Later on, the mineral was confirmed in the Cambria meteorite (iron ungrouped, 
fine octahedrite), and it likely occurs in CM2 carbonaceous chondrites (Mighei group). Under reflected 
light, transjordanite is white with a beige tint. It is non-pleochroic and weakly anisotropic. Reflectance 
values for four COM recommended wavelengths are [Rmax/Rmin, % (λ, nm)]: 45.1/44.2 (470), 49.9/48.5 
(546), 52.1/50.3 (589), 54.3/52.1 (650). Transjordanite is hexagonal, space group P62m; unit-cell 
parameters for the holotype specimen, (Ni1.72Fe0.27)1.99P1.02, are: a = 5.8897(3), c = 3.3547(2) Å, V = 
100.78(1) Å3, Z = 3. Dcalc = 7.30 g/cm3. The crystal structure of holotype transjordanite was solved and 
refined to R1 = 0.013 based on 190 independent observed [I > 2σ(I)] reflections. The crystal structure 
represents a framework composed of two types of infinite rods propagated along the c-axis: (1) edge-
sharing tetrahedra [M(1)P4] and (2) edge-sharing [M(2)P5] square pyramids. Determination of unit-cell 
parameters for 12 members of the Fe2P–Ni2P solid-solution series demonstrates that substitution of Ni 
for Fe in transjordanite and vice versa in barringerite does not obey Vegard’s law, indicative of pref-
erential incorporation of minor substituent into M(1) position. Terrestrial transjordanite may contain 
up to 3 wt% Mo, whereas meteoritic mineral bears up to 0.2 wt% S.
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iNtroductioN

Phase relationships in the system Fe-Ni-P play a significant 
role in crystallization pathways of metal-rich celestial bod-
ies whose fragments are delivered as the iron and stony-iron 
meteorites (Buchwald 1975; Goldstein et al. 2009). Iron-nickel 
phosphides are considered to be a reservoir for reduced phos-
phorus in deep planetary interiors (Dera et al. 2008; Minin et al. 
2018; He et al. 2019) and a source of low-valent phosphorus in 
the prebiotic phosphorylation processes on early Earth (Pasek 
et al. 2017; Gibard et al. 2019). Barringerite, (Fe,Ni)2P, was the 
second phosphide discovered in nature (Buseck 1969), and is 
the next typical phosphide mineral following the schreibersite–
nickelphosphide series, Fe3P–Ni3P (Buchwald 1975; Britvin 
et al. 1999). Extraterrestrial barringerite was described from 
several meteorite groups, including pallasites (Buseck 1969; 

Zucchini et al. 2018), irons (Anthony et al. 1995), howardites 
(Nazarov et al. 1994; Gounelle et al. 2003) and carbonaceous 
chondrites (Mikouchi et al. 2006; Nazarov et al. 2009), and in 
Lunar basaltic-anorthositic breccia Yamato 793274 (Brandstätter 
et al. 1991). The occurrence of barringerite on Earth is sometimes 
considered as a signature of extraterrestrial component (indica-
tion of impact event) (Drake et al. 2018), though its finding in 
garnet peridotite (Yang et al. 2005) has an obvious terrestrial 
origin whereas barringerite from burned coal dumps was formed 
under anthropogenic influence (Bariand et al. 1977; Pierrot et 
al. 1977; Yao 2003). Barringerite grains recovered from heavy 
placer concentrates (Eremenko et al. 1974; Chen et al. 1983) are 
of debatable (probably meteoritic) origin. Ni-dominant members 
of Ni2P–Fe2P series were reported from two Mighei-type (CM2) 
carbonaceous chondrites, Boriskino and Allan Hills 83100 
(Nazarov et al. 2009).

It is noteworthy that the compound Fe2P may crystallize in 
two polymorphic modifications: the low-pressure (LP) hexago-
nal one having barringerite (LP-Fe2P) structure (Rundquist and 
Jellinek 1959), and the high-pressure (HP, >8 GPa) orthorhombic 
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