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Abstract
Crowningshieldite is the natural analog of the synthetic compound α-NiS. It has a NiAs-type struc-

ture and is the high-temperature polymorph relative to millerite (β-NiS), with an inversion temperature 
of 379 °C. Crowningshieldite is hexagonal, space group P63/mmc, with a = 3.44(1) Å, c = 5.36(1) 
Å, V = 55.0(2) Å3, and Z = 2. It has an empirical formula (Ni0.90Fe0.10)S and dcalc = 5.47(1) g/cm3. The 
five strongest lines in the powder X-ray diffraction data are [dmeas in angstroms (I) (hkl)]: 1.992 (100) 
(102), 1.718 (55) (110), 2.978 (53) (100), 2.608 (35) (101), and 1.304 (17) (202). Crowningshieldite 
was found as part of a multiphase inclusion in a gem-quality, colorless, type IIa (containing less than 
~5 ppm N) diamond from the Letseng mine, Lesotho. The inclusion contains crowningshieldite along 
with magnetite-magnesioferrite, hematite, and graphite. A fracture was observed that extended from 
the inclusion to the diamond exterior, meaning that fluids, possibly kimberlite-related, could have 
penetrated into this fracture and altered the inclusion. Originally, the inclusion might have been a 
more reduced, metallic Fe-Ni-C-S mixture made up of cohenite, Fe-Ni alloy, and pyrrhotite, akin to 
the other fracture-free, pristine inclusions within the same diamond. Such metallic Fe-Ni-C-S primary 
inclusions are a notable recurring feature of similar type IIa diamonds from Letseng and elsewhere 
that have been shown to originate from the sublithospheric mantle.

The discovery of crowningshieldite confirms that the α-NiS polymorph occurs in nature. In this 
case, the reason for its preservation is unclear, but the relatively iron-rich composition [Fe/(Fe+Ni) = 
0.1] or the confining pressure of the diamond host are potential factors impeding its transformation 
to millerite. The new mineral name honors G. Robert Crowningshield (1919–2006) (IMA2018-072).
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Introduction
Nickel monosulfide (NiS) has two known polymorphs. 

Millerite, or β-NiS, with the trigonal space group R3m, is the 
polymorph more familiar to geologists. The second form is 
α-NiS, with the hexagonal space group P63/mmc and so-called 
NiAs-type structure, which is the stable form above 379 °C for 
pure NiS (Kullerud and Yund 1962; Sowa et al. 2004). Here, we 
describe the first known natural occurrence of α-NiS, the new 
mineral named crowningshieldite, with an empirical formula 
(Ni0.90Fe0.10)S. It was found as part of a multiphase inclusion 
assemblage in a diamond from the Letseng mine, Lesotho. This 
inclusion is likely altered from its primary mineralogy. The 
diamond was investigated previously for its (unaltered) metallic 
Fe-Ni-C-S inclusions and belongs to a newly recognized variety 
of sublithospheric diamonds called CLIPPIR diamonds (Smith 
et al. 2016, 2017).

Many occurrences of natural millerite appear to have 
formed in relatively low-temperature geological settings, during 
hydrothermal alteration, and develop a prominent acicular habit. 
However, some examples of massive NiS in magmatic sulfides, 

at Norilsk, Russia, and Temagami, Canada, for instance, are 
suspected to have formed originally as crystals of α-NiS (crown-
ingshieldite) that inverted to millerite upon cooling (Borovskii 
et al. 1959; Kullerud and Yund 1962). Synthetic α-NiS can be 
quenched to room temperature, but it is metastable and trans-
forms to β-NiS, typically over months depending on tempera-
ture and composition (Kasper et al. 2000; Wang et al. 2006). 
Interestingly, this α-NiS to β-NiS transition is of concern for the 
glass industry, because float glass can contain inclusions of NiS 
particles. Heat treatment and rapid cooling to produce tempered 
or toughened glass can quench these inclusions as α-NiS. Later, 
after cooling, stresses arising as α-NiS inverts to the ~3% larger 
β-NiS phase may lead to localized micro-cracking that initiates 
spontaneous glass failure (Barry and Ford 2001; Swain 1981).

The new mineral is named in honor of G. Robert Crowning-
shield (1919–2006). He was a central figure in research at the 
Gemological Institute of America (GIA) for more than 50 years, 
helping it to become a place of unique research opportunities 
such as the present mineral discovery. Crowningshield advocated 
for the use of spectroscopy as a valuable tool in gemology and 
meticulously recorded the absorption patterns of many transpar-
ent gems by hand, ultimately publishing them as a key reference 
for gem mineral identification. In 1956 he described a reliable 
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