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ABSTRACT

A nearly continuous series of metacinnabar–sphalerite solid solutions is reported in assemblages of
Zn-rich metacinnabar in gold-bearing carbonate breccias of the Vorontsovskoe gold deposit, Northern
Urals, Russia. Metacinnabar occurs as grains containing paragenetic inclusions of realgar, specific
thallium-bearing sulfosalts, high-fineness native gold, and various ZnS–HgS minerals, including
Zn-bearing metacinnabar, Hg-bearing sphalerite, and pure cinnabar. Selected metacinnabar-sphalerite
compositions fall within the (Hg0.54Zn0.46)S–(Zn0.62Hg0.38)S range. This finding confirms the absence
of the long-debated miscibility gap (MG), which was previously constrained to (Hg0.54Zn0.46)
S–(Zn0.75Hg0.25)S in the natural HgS–ZnS cubic system. The compositions obtained within the
MG have the following major components ranges (wt%): Zn (17.7–27.3), Hg (50.7–63.6), and
S (18.7–22.0). Compositional zoning in Zn and Hg contents is observed in metacinnabar. The core
consists of either highly Hg-enriched sphalerite or Zn-enriched metacinnabar, while the rim is
composed of low-Zn metacinnabar (3–5 wt% Zn). The Hg/Zn ratio gradually increases from core
to periphery. Metacinnabar also contains minor impurities of Mn (up to 1.2 wt%) and Cd (up to
2.6 wt%). Mn is a nearly constant constituent. Based on published compositional data on sphalerite-
metacinnabar from 38 localities, Mn is considered an indicator for these minerals in Vorontsovskoe.
Zoned Zn- and Mn-bearing metacinnabar formed during cooling (from <350 °C to <200 °C) of
late-stage hydrothermal fluids enriched in chalcophile Tl-Cu-Zn-Hg-As-Sb-S elements. Our study
suggests that a complete series of ZnS–HgS solid solutions may be found in hydrothermal systems with
a relatively high-temperature formation regime (>250 °C). In addition, Zn-Mn-bearing metacinnabar is
a metastable phase in the Zn-Hg-Mn-S system.Mn is considered a stabilizer for metacinnabar, a natural
counterpart of β-HgS, which is a prospective zero-gap semiconductor.
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INTRODUCTION

Sphalerite and metacinnabar are isostructural cubic minerals
related to the sphalerite-group MX, where M =Mn, Fe, Zn, Cd,
Cu, Zn, and Hg; and X = S, Se, and Te. Other minerals in this
group include browneite MnS (Ma et al. 2012), rudashevskyite
(Fe,Zn)S (Britvin et al. 2008), hawleyite CdS (Traill and Boyle
1955), ishiharaite (Cu,Ga,Fe,In,Zn)S (Márquez-Zavalía et al.
2014), stilleite ZnSe (Ramdohr 1956), coloradoite HgTe (Genth
1877), and tiemannite HgSe (Naumann 1855). Sphalerite β-ZnS
is the most common in nature, being a major ore mineral in
polymetallic deposits. However, several polymorphs of ZnS
are known to crystallize in hexagonal and trigonal crystal
systems (e.g., Vasil’ev 2011).

Sphalerite is characterized by a wide range of trace and minor
isomorphic impurities that substitute Zn in tetrahedral coordina-
tion. Compositions of natural sphalerite have been intensively

studied as a petrogenetic indicator, given its sensitivity to ore-
forming conditions (e.g., Di Benedetto et al. 2005; Cook et al.
2009; Frenzel et al. 2016, 2017). Cd, Hg, Fe, and Mn commonly
reach concentrations of several weight percent in sphalerite,
whereas other divalent elements, such asCo andNi, have not been
observed in considerable amounts. Zinc substitution in sphalerite
follows a simple isovalent scheme: Zn2� → (Cd, Hg, Fe, Mn,
Co, Ni)2� (Cook et al. 2009; Tonkacheev et al. 2022).

Metacinnabar β-HgS (Moore 1870; Palache et al. 1944) and
much more common cinnabar (trigonal α-HgS; Palache et al.
1944) are two important ore phases among nearly 110Hg-defining
mineral species, which contain 86% of the metal. A hexagonal
polymorph in the Hg–S system with wurtzite structure (γ-HgS,
hypercinnabar) is also found in natural samples (Potter and Barnes
1978). Cinnabar (Cin) is the most stable low-temperature HgS
phase, whereas pure metacinnabar (Mcin) and hypercinnabar
(Hcin) are unstable at ambient conditions. The transition tempera-
ture for Cin–Mcin is suggested to be 344 ± 2 °C (Dickson and
Tunell 1959) or 345–315 °C (Potter and Barnes 1978). According
to the later study (Ballirano et al. 2014), stoichiometric
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