
Kenorozhdestvenskayaite-(Fe), Ag6(Ag4Fe2)Sb4S12: A new tetrahedrite group mineral 
containing a natural [Ag6]4+ cluster and its relationship to the synthetic ternary phosphide 

(Ag6M4P12)M′6

Kai Qu1,2,*, Weizhi Sun3, Fabrizio Nestola4,†, Xiangping Gu5, Zeqiang Yang3, Xianzhang Sima2, 
Chao Tang2, Guang Fan6, and Yanjuan Wang4,7,*

1School of Earth Sciences and Engineering, Nanjing University, Nanjing 210023, China
2Tianjin Center, China Geological Survey, Tianjin 300170, China

3No. 3 Institute of Geological and Mineral Resources Survey of Henan Geological Bureau, Xinyang 464000, China
4Department of Geosciences, University of Padova, Padova 35131, Italy

5School of Geosciences and Info-Physics, Central South University, Changsha 410012, Hunan, China
6Beijing Research Institute of Uranium Geology, Beijing 100029, China

7School of Earth Sciences and Resources, China University of Geosciences (Beijing), Beijing 100083, China

Abstract
[Ag6]4+ clusters are extremely rare in nature (only found in Ag-rich tetrahedrite group minerals). 

Due to their remarkable structures and some promising applications, a few synthesis phases that 
contain octahedral [Ag6]4+ clusters have been reported. However, the kinds of natural conditions that 
promote the formation of subvalent hexasilver clusters in tetrahedrite group minerals are still unclear. 
Kenorozhdestvenskayaite-(Fe), ideally Ag6(Ag4Fe2)Sb4S12 is a new tetrahedrite group mineral con-
taining a natural [Ag6]4+ cluster, found in the Yindongpo gold deposit, Weishancheng ore field, Henan 
Province, China. This new species occurs at the edges of galena crystals as anhedral grains of 2 to 
20 μm in size and is associated with pyrargyrite, pyrrhotite, and siderite. Kenorozhdestvenskayaite-
(Fe) is black in color with metallic luster. It is brittle with conchoidal fracture and has a calculated 
density of 5.329 g/cm3. The empirical formula calculated on the basis of cation = 16 apfu is M(2)Ag6 
M(1)(Ag2.41Cu1.20Fe1.84Zn0.71)Σ6.16

X(3)(Sb3.82As0.01)Σ3.83
S(1)S11.60

S(2). It is cubic, with space group I43m, a = 
10.7119(6) Å, V = 1229.1(2) Å3, and Z = 2. Since kenorozhdestvenskayaite-(Fe) is a new tetrahedrite 
group mineral containing a natural [Ag6]4+ cluster, its structure is comparable to the synthetic ternary 
phosphide (Ag6M4P12)M′6. The presence of the unusual mineral assemblages, i.e., pyrrhotite and pyrar-
gyrite, as well as the other keno-end-member tetrahedrites, indicates a low-fS2 state for the mineraliza-
tion stage, probably a result of the fluid boiling process in an open system that likely contributed to 
the formation of S-deficient tetrahedrites.
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Introduction
The general structural formula of tetrahedrite-group miner-

als is 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 = Mn2+, Fe2+, 
Co2+, Ni2+, Cu2+, Zn2+, Cd2+, Hg2+, Cu+, In3+, and Fe3+; D = Sb3+, 
As3+, Bi3+, and Te4+; Y = S2– and Se2–; and Z = S2–, Se2–, and  
(Biagioni et al. 2020a). As an ancient mineral group with 200 
years of study history, tetrahedrite-group minerals are considered 
the most complex isotypic series among the sulfosalts in differ-
ent types of ore deposits worldwide due to their multiplicity of 
iso- and heterovalent substitutions at different crystallographic 
positions (Johnson et al. 1988; Makovicky and Karup-Møller 
1994; Moëlo et al. 2008). With the approval of the tetrahedrite 

group nomenclature by the Commission on New Minerals, No-
menclature and Classification of the International Mineralogical 
Association (IMA-CNMNC) (Biagioni et al. 2020a), in the last 
three years, an increasing number of new composition end-
members (i.e., Cd-, In-, Mn-, and Ni-end-members) and special 
structure [(Ag6)4+] tetrahedrites have been discovered worldwide. 
These newly discovered tetrahedrites and their crystal chemi-
cal properties can facilitate a new perspective for revealing the 
super-enrichment mechanism of critical metals in hydrothermal 
deposits [i.e., Cd, In, Se, and Te-end-members (George et al. 
2017)] and provide important references for materials research; 
these tetrahedrites have potential large-scale thermoelectric 
(TE) applications in the area of waste heat recovery in the 
power-producing, processing, and automobile industries [Ni 
end-members (Wang et al. 2023a, 2023b)]. Promising material 
applications of subvalent hexasilver cluster end-members have 
caused much research interest (Kikukawa et al. 2013; Wang 
et al. 2018b; Sack et al. 2022), and this special structure only 
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