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ABSTRACT

Berndlehmannite, Cu(CrV)S4, is a newly identified V-bearing sulfide mineral discovered in the black-
shale-hosted Zhongcun vanadium deposit, South China. It is abundant in a phosphatic nodule-rich layer
and is commonly mineralogically associated with roscoelite, quartz, and framboidal pyrite.
Berndlehmannite exhibits a black color in hand specimens with a black streak, and it comprises subhedral
grains that vary in size from 20 to 120 μm. The mineral is opaque with a cream-colored polished surface
under reflected light. It has a Mohs hardness of 3½ with a {111} perfect cleavage, and its calculated den-
sity is 4.17 g·cm−3. Berndlehmannite is cubic, with space group Fd3̄m; the unit-cell parameters deter-
mined from powder X-ray diffraction data are a = 9.8585(22) Å, V = 958.1(6) Å3, and Z = 8. The unit-cell
parameters by single-crystal X-ray diffraction are a = 9.8374(2) Å, V = 952.01(6) Å3, Z = 8, and the final
value of R is 0.015. The mineral is a member of the carrollite subgroup within the thiospinel group, fea-
turing (Cr,V)S6 in octahedral coordination and CuS4 in tetrahedral coordination. The calculated empirical
formula from electron-probe microanalysis is �Cu+0.99Zn0.02�Σ1.01�Cr3+0.87V4+

1.00Sb0.07As0.04�Σ1.98S4.01 with
an average V content of 17.0 wt%. It has the highest V component compared to other V-bearing minerals
in black shales and may provide new insight into the vanadium enrichment mechanism in black shales.
Berndlehmannite is named to honor Bernd Lehmann (b. 1950), Professor emeritus of Economic Geology
at Technische Universität Clausthal, Germany.
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INTRODUCTION

The predominant genetic types of vanadium deposits world-
wide are magmatic vanadium-titanium-magnetite and black-
shale-hosted vanadium deposits, with the latter having average
V2O5 contents varying from 0.2 to 1.7 wt% (Kelley et al. 2017).
However, mining of black-shale-hosted vanadium deposits in
China and elsewhere is hampered by metallurgical and environ-
mental problems (Fu et al. 2021; Yang et al. 2023; Ding et al.
2024). Vanadium in black shales usually occurs adsorbed by
or incorporated into clay minerals and organic matter (Breit
and Wanty 1991; Peacor et al. 2000; Lu et al. 2021), although
recent studies have identified a few independent V-bearing min-
eral phases in black-shale-hosted vanadium deposits in South
China, includingmannardite, and sulvanite (Fu et al. 2023; Yang
et al. 2024). Here we describe berndlehmannite, a new member
of the carrollite subgroup within the thiospinel group. It contains
the highest vanadium content (about 17.0 wt%) among the
known V-bearing minerals in black shales.

Berndlehmannite has been officially approved by the Commis-
sion on New Minerals, Nomenclature and Classification of the

International Mineralogical Association (IMA2024-005). The
new mineral is named in honor of Bernd Lehmann (b.1950), Pro-
fessor emeritus of Economic Geology at Technische Universität
Clausthal, Germany, who shaped a new understanding of the poly-
metallicmineralization in theEarlyCambrian black shales of South
China.2 Holotype material is deposited at the Geological Museum
of China, No. 16, YangrouHutong, Xisi, Beijing 100031, People’s
Republic of China, catalog number GMCTM2024001.

OCCURRENCE AND ASSOCIATED MINERALS

Berndlehmannite was identified in vanadium ores from the
Zhongcun vanadium deposit, ∼45 km southeast of Shanyang
County, Shaanxi Province, China (33°25 0 N, 110°10 0 E)
(Fig. 1a). The deposit is hosted in Early Cambrian black shales
of the northern margin of the Yangtze Platform and is part of the
southern Qinling area (Fig. 1a) (Fu et al. 2021). The region hosts
several large-scale vanadium deposits, including the Zhongcun
vanadium deposit, which has 0.4 million tonnes of ore with an
average grade of 0.92 wt% V2O5 (Fu et al. 2023).

The Lower Cambrian Shuigoukou Formation, spanning
∼230 km from west to east, represents the V-bearing stratum
in the southern Qinling area (Fu et al. 2023). In the Zhongcun
deposit, the Shuigoukou Formation comprises carbonaceous
shale, which is classified into three lithological units from oldest
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