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INTRODUCTION

The recent discovery that meteoritic schreibersite, (Fe,Ni)3P, 
can provide enough phosphorus essential for the biomolecular 
building blocks of life (Pasek et al. 2004), has drawn attention to 
the study of extraterrestrial iron nickel phosphides. These miner-
als are fundamental constituents of iron and stony-iron meteorites 
(Buchwald 1975; Geist et al. 2005; Heide and Wlotzka 1995) and 
could represent the potential reservoirs of light elements in the 
Earth�s core. Besides schreibersite, four other natural phosphides 
are known: nickelphosphide (Ni,Fe)3P  (Britvin et al. 1999; Skála 
and Drábek 2003), barringerite (Fe,Ni)2P (Buseck 1969), alla-
bogdanite (Fe,Ni)2P (Britvin et al. 2002) and ß orenskyite FeTiP 
(Ivanov et al. 2000). Another P-bearing nickel-iron silicide min-
eral called perryite [simpliÞ ed chemical formula: (Ni,Fe)8(Si,P)3 
with 2.4�5.2 wt% of P] is known to occur as thin lamellae within 
metallic nickel-iron grains in the highly reduced stony meteorites 

(Okada et al. 1988). Among these minerals, however, schreiber-
site is the most common phase. Recent studies (Japel et al. 2002; 
Santillan et al. 2004) have pointed out that schreibersite is also 
stable at ultrahigh pressures and temperatures. The wide stabil-
ity range of its tetragonal structure makes this mineral the most 
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ABSTRACT

Melliniite, ideally (Ni,Fe)4P, is a new mineral from the Northwest Africa 1054 acapulcoite. It occurs 
as anhedral to subhedral grains up to 100 µm, associated with kamacite and nickelphosphide. Mel-
liniite is opaque with a metallic luster and possesses a gray streak. It is brittle with an uneven fracture; 
the Vickers microhardness (VHN500) is 447 kg/mm2 (range 440�454) (calculated Mohs hardness of 
8�8½). The calculated density is 7.88 g/cm3 (on the basis of the empirical formula). In plane-polarized 
reß ected light, melliniite is cream-yellowish. Between crossed polars it is isotropic, with no internal 
reß ections. Reß ectance percentages (R) for the four standard COM wavelengths are 60.5 (471.1 nm), 
50.4 (548.3 nm), 52.5 (586.6 nm), and 55.9 (652.3 nm), respectively. Electron-microprobe analyses 
give the chemical formula (Ni2.30Fe1.64Co0.01)Σ=3.95P1.05 on the basis of total atoms = 5. 

Melliniite is cubic, space group P213, with a = 6.025(1) Å, V = 218.71(6) Å3, and Z = 4. The 
crystal structure has been solved and reÞ ned to R = 2.72% using single-crystal X-ray diffraction data. 
It shows the AlAu4-type structure, which is an ordered form of the β-Mn structure. The metal atoms 
occupying the 12b site (M1) are effectively 14 coordinated whereas the metals at the 4a site (M2) 
are 12 coordinated by three P atoms and nine metals. The phosphorus atoms (4a site) coordinate 12 
metal atoms in a somewhat distorted icosahedral arrangement. This new phosphide is the Þ rst phase 
with such a high coordination-number for phosphorus.

The new mineral is named after Marcello Mellini, Professor of Mineralogy, who strongly developed 
the study of meteorites in Italy. The new mineral and mineral name have been approved by the IMA 
Commission on New Minerals and Mineral Names (2005-027).
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likely phase by which phosphorus was originally incorporated 
in deep planetary interiors. 

In the course of a study on acapulcoites, a group of primitive 
achondrites (Mittlefehldt 2003; Moggi-Cecchi et al. 2005; Patzer 
et al. 2004; Scott and Pinault 1999) a new nickel iron phosphide 
mineral was observed. 

OCCURRENCE AND METHODS

Sample

The sample containing melliniite was not found in situ, but 
originates from a thin section of a meteorite (acapulcoite) be-
longing to the Collection of Meteorites of the Museo di Scienze 
Planetarie della Provincia di Prato where it is labeled �North-
west Africa 1054� (Moggi-Cecchi et al. 2005). Acapulcoites are 
peculiar primitive achondrites with transitional characteristics 
from chondrites to more differentiated achondrites. Recently, 
with respect to their elemental distribution patterns, Patzer et 
al. (2004) distinguished four subtypes comprising primitive, 
typical, transitional and enriched acapulcoites. Differently from 
the other subtypes, the primitive acapulcoites, like Northwest 
Africa (NWA) 1054, did not experience sulÞ de melt loss and 
may contain relic and scattered intact chondrules consisting of 
olivine and orthopyroxene set in a matrix mainly composed of 
Þ ne-grained orthopyroxene, olivine and plagioclase crystals. 


