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Negevite, the pyrite-type NiP2, a new terrestrial phosphide
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Abstract
Negevite, ideally NiP2, is a new phosphide mineral from pyrometamorphic complex of the Hatrurim Formation (the Mottled Zone), Southern Levant. It is found in phosphide assemblages of the
Hatrurim Basin, south Negev Desert, Israel, and Daba-Siwaqa complex, Jordan. The mineral occurs
as tiny isometric grains reaching 15 mm in size and forms intimate intergrowths with other phosphides
related to the Fe-Ni-P system. In reflected light, negevite is white with yellowish tint and isotropic.
Reflectance values for COM recommended wavelengths [R (%), l (nm)] are as follows: 54.6 (470),
55.0 (546), 55.3 (589), 55.6 (650). Chemical composition of the holotype specimen (electron microprobe, wt%): Ni 42.57, Co 3.40, Fe 2.87, P 42.93, S 8.33, total 100.10, corresponding to the empirical
formula (Ni0.88Co0.07Fe0.06)S1.01(P1.68S0.31)S1.99. The crystal structure of negevite was solved and refined
to R1 = 1.73% based on 52 independent observed [I >2s(I)] reflections. The mineral is cubic, space
group Pa3, a = 5.4816(5) Å, V = 164.71(3) Å3, and Z = 4. Dx = 4.881(1) g/cm3 calculated on the basis
of the empirical formula. Negevite is a first natural phosphide belonging to the pyrite structure type.
It is a chemical and structural analog of vaesite, NiS2, krutovite, NiAs2, and penroseite, NiSe2. The
well-explored catalytic and photocatalytic properties of a synthetic counterpart of negevite could
provide new insights into the possible role of higher phosphides as a source of low-valent phosphorus
in prebiotic phosphorylation processes.
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Introduction
required for initiation of prebiotic phosphorylation processes
Since the discovery of first phosphide mineral, schreibersite (Pasek et al. 2017; Kitadai and Maruyama 2018; Gibard et al.
(Fe,Ni)3P (Berzelius 1832), natural iron-nickel phosphides were 2019). The recent discovery of rich phosphide assemblages
recognized as mandatory accessory constituents of different preserved in geologically juvenile pyrometamorphic complex
meteorite groups (Buchwald 1975; Papike 1998). This mineral of the Mottled Zone (Hatrurim Formation) supports this point
family is suggested to play an important role in the highly reduced of view (Britvin et al. 2015).
Of 12 phosphide minerals related to the Fe-Ni-P system, nine
assemblages of deep planetary interiors (Scott et al. 2007; Dera
are
currently reported from the Hatrurim Formation (Table 1). We
et al. 2008; Gu et al. 2011, 2012, 2014). Meanwhile, occurrences
of terrestrial phosphides of non-anthropogenic origin are quite herein present the results of a study of a new mineral negevite,
NiP2—the first natural phosphide that crystallizes in a pyrite
rare and confined to a few localities worldwide
(e.g., Britvin et al. 2015); the most notable one is Table 1. Natural phosphides related to the Fe-Ni-P system
schreibersite in native iron from basalts of Disko Mineral
End-member
Structure
Occurrence
Reference
Island, Greenland (Pauly 1969). The practical ab- 		
type
Fe3P
Fe3P (I4)
MT
Berzelius (1832)
sence of phosphides in the present-day lithosphere Schreibersite
Fe2P
Fe2P (P62m)
MT
Buseck (1969);
cannot be accounted just for highly reducing Barringerite
				
Britvin et al. (2017)
conditions required for their formation. A possible Allabogdanite
Fe2P
Co2Si (Pnma)
M
Britvin et al. (2002)
FeP
MnP (Pnma)
T
Britvin et al. (2019b)
explanation might imply oxidative decomposition Murashkoite
FeP2
Marcasite (Pnnm)
T
Britvin et al. (2019a)
of phosphides at the early stages of Earth evolu- Zuktamrurite
Melliniite
(Ni,Fe)4P
Au4Al (P213)
M
Pratesi et al. (2006)
tion, leading to a release of low-valent phosphorus Nickelphosphide
Ni3P
Fe3P (I4)
M
Britvin et al. (1999)
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Nazarovite
Ni12P5
Ni12P5 (I4/m)
MT
Britvin et al. (2019c)
Transjordanite
Ni2P
Fe2P (P62m)
T
Britvin et al. (2020a)
Orishchinite
Ni2P
Co2Si (Pnma)
T
Britvin et al. (2019d)
Halamishite
Ni5P4
Ni5P4 (P63mc)
T
Britvin et al. (2020b)
Negevite
NiP2
Pyrite (Pa3)
T
This work
Note: Occurrence: M = meteoritic; T = terrestrial (the Hatrurim Formation).
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