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Abstract
Tetrahedrite-(Ni) (IMA2021-031), ideally Cu6(Cu4Ni2)Sb4S13, is the first natural Ni-member of 

tetrahedrite group mineral found in Luobusa chromite deposit, Tibet, China. The new species occurs 
as anhedral grains 2 to 20 μm in size, associated with gersdorffite, vaesite, and chalcostibite, which 
are disseminated in a matrix of dolomite, magnesite, quartz, Cr-rich mica, and Cr-bearing clinochlore. 
Tetrahedrite-(Ni) is black in color with a reddish-black streak and metallic luster. It is brittle with 
uneven fractures and has a calculated density of 5.073 g·cm–3. The mean values of 9 electron micro-
probe analyses (wt%) are Cu 39.83, Ni 5.67, Fe 1.45, Sb 21.69, As 5.45, S 25.39, total 99.48, and the 
empirical formula calculated on the basis of cation = 16 apfu is M(2)Cu6.00

M(1)[Cu4.03(Ni1.55Fe0.42)Σ1.97]Σ6.00 
X(3)(Sb2.85As1.16)Σ4.01S12.67. Tetrahedrite-(Ni) is cubic, with space group I43m, a = 10.3478(4) Å, V = 
1108.00(14) Å3, and Z = 2. Its crystal structure has been solved by X-ray single-crystal diffraction on 
the basis of 188 independent reflections, with a final R1 = 0.0327. Tetrahedrite-(Ni) is isostructural with 
tetrahedrite group minerals. It represents the first natural tetrahedrite-group mineral with a Ni-dominated 
charge-compensating constituent. Tetrahedrite-(Ni) may be the product of late-serpentinization at 
moderately high-temperature conditions around 350 °C. In this case, tetrahedrite-(Ni) and its mineral 
paragenesis record an entire geological process of nickel enrichment, migration, activation, precipita-
tion, and alteration from deep mantle to shallow crust.
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Introduction
Tetrahedrite-group minerals are the frequent sulfosalts in 

different types of ore deposits worldwide (Johnson et al. 1988), 
with the general formula M(2)A6

M(1)(B4C2)X(3)D4
S(1)Y12

S(2)Z, where 
A = Cu+, Ag+,  (vacancy), and [Ag6]4+ clusters; B = Cu+, and 
Ag+; C = Zn2+, Fe2+, Hg2+, Cd2+, Mn2+, Cu2+, Cu+, and Fe3+; D = 
Sb3+, As3+, Bi3+, and Te4+; Y = S2– and Se2–; and Z = S2–, Se2–, and 
 (Biagioni et al. 2020a). They are considered the most complex 
isotypic series among the sulfosalts, owing to the multiplicity 
of iso- and heterovalent substitutions (Moëlo et al. 2008). The 
special M(1) is a tetrahedrally coordinated site with a valency-
imposed double site occupancy of 2⁄3 B+ and 1⁄3 C2+ cations. The 
different charge-compensating constituents (C constituents) 
are usually represented by divalent transition elements, using 
a hyphenated suffix between parentheses to make explicit the 
species belonging to these series (Biagioni et al. 2020a). As a 
transition element, nickel (Z = 28) is both siderophile (i.e., as-
sociated with iron) and chalcophile (i.e., associated with sulfur). 

So, it seems to be easy to form nickel-rich tetrahedrite according 
to the substitution mechanism of equivalent elements [i.e., Fe (Z 
= 26), Cu (Z = 29), Zn (Z = 30)]. However, nickel end-member 
tetrahedrite had not been reported for more than 200 years after 
tennantite was discovered [now renamed to tennantite-(Fe) 
(Biagioni et al. 2020a) the first mineral in the ancient group 
described by the brothers R. Phillips and W. Phillips in 1819 
(Phillips 1819a, 1819b)]. Although D’Achiardi (1881) reported 
a Ni-dominant tetrahedrite from the Frigido mine, later studies 
revealed that that sample was actually an intergrowth of tetra-
hedrite-(Fe) and Ni-bearing minerals (Carrozzini et al. 1991). 
Some minor nickel-bearing tennantite-(Zn) in a copper-rich 
rubané ore from the Corvo deposit was also reported by Ser-
ranti et al. (2002), but its nickel content is below 0.1%. Despite 
the lack of documented natural analogs, the synthetic nickel 
tetrahedrite phase with 2 Ni (apfu) was studied by Makovicky 
and Karup-Møller (1994). During the past decade, due to the 
potential large-scale thermoelectric (TE) application in the field 
of waste heat recovery in the power-producing, processing, and 
automobile industries (Lu et al. 2015), the structural stability 
and thermoelectric properties of the synthesized Ni-bearing 
tetrahedrite phase have been described by Barbier et al. (2015), 
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