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Paulišite, Ca2Zn(CO3)3·2H2O, a new mineral with a novel crystal structure
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ABSTRACT

Paulišite, Ca2Zn(CO3)3·2H2O, is a newmineral species discovered in the undergroundworkings at the
abandoned mine adit of the first level of the Staročeské Lode, near the historical shaft Šafary, Kaňk near
Kutná Hora, central Bohemia, Czech Republic. Paulišite is associated with hydrozincite and aragonite
(holotype sample) or calcite, aragonite, hydrozincite, and monohydrocalcite (other samples). The new
mineral occurs as crusts, up to 1 cm thick, formed by parallel or radial aggregates of acicular crystals,
elongated on [100], up to 5 mm long. Paulišite is colorless to white, with a white streak. It is transparent
and has a vitreous luster. Mohs hardness is ca. 4; the calculated density is 2.756 g/cm3. Paulišite is
optically biaxial positive, with α = 1.554(1), β = 1.569(2), γ = 1.605(1) (589 nm), and 2V(meas) = 68(2)°.
The empirical formula, based on electron-microprobe analyses (n = 11), is Ca2.00(Zn0.97Mg0.02
Cu0.01Al0.01)Σ1.01(CO3)3·2H2O based on three cations (excluding C) per formula unit. The ideal formula
is Ca2Zn(CO3)3·2H2O, which requires (in wt%) CaO 31.02, ZnO 22.50, CO2 36.51, H2O 9.97, total
100.00. The strongest reflections of the powder X-ray diffraction pattern [d (Å)/(Irel)/hkl] are:
8.226/(100)/011, 6.492/(100)/002, 4.112/(18)/022, 3.246/(35)/004, 3.085/(19)/130, and 2.458/(21)/
042. According to single-crystal X-ray diffraction data, paulišite is monoclinic, space group Ia, Z = 4with
a = 6.3007(6), b = 10.6236(11), c = 12.9837(12) Å, β = 90.840(5)°, V = 868.99(15) Å3. The crystal struc-
ture was refined to R1 = 0.0229 for 2330 unique reflections with Fo> 4σ(Fo) and 164 refined parameters.
It is characterized by Zn(1)-centered tetrahedra, two independent Ca(1)- and Ca(2)-centered polyhedra,
and CO3 groups. Heteropolyhedral Ca-Zn-CO3 {001} layers occur in paulišite and are connected along
c through CO3 groups and Ca(2)-centered polyhedra, as well as H-bonds. Along with minrecordite,
skorpionite, and znucalite, paulišite is the fourth mineral containing Ca, Zn, and (CO3) groups as
species-defining elements. Its origin is related to the supergene alteration of ore deposits following the
mining activity, probably at low T and basic pH conditions. Themineral and its name, honoring the Czech
mineralogist and geologist Petr Pauliš (b. 1956), have been approved by the Commission on NewMiner-
als, Nomenclature and Classification of the International Mineralogical Association (no. 2023-031).
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INTRODUCTION

The Kutná Hora Ag-Pb-Zn ore district (central Bohemia,
Czech Republic) represents not only a historically significant
producer of silver but is also known for supergene minerals
sub-recently formed over hundreds of years, especially in
strongly weathered medieval mine dumps. The long-known
bukovskýite, Fe3�(AsO4)(SO4)(OH)·9H2O (Bukovský 1915;
Novák et al. 1967), was followed by themore recent descriptions
of kaňkite, Fe3�(AsO4)·3.5H2O (Čech et al. 1976), zýkaite,
Fe3+4 �AsO4�3�SO4��OH�·15H2O (Čech et al. 1978), and para-
scorodite, Fe3�(AsO4)·2H2O (Ondruš et al. 1999).

The investigation of supergene minerals sub-recently
formed in mine workings of the Kutná Hora ore district was
started much later (Cílek 1990; Pauliš 1993; Malec and Pauliš
1997; Novák 1999). Beside other minerals (glaucocerinite,

woodwardite, hydrozincite, monohydrocalcite, etc.), Novák
(1999) described an unnamed hydrated Ca-Zn carbonate with
apparently wrong, not charge-balanced, chemical formula
Ca2Zn(CO3)2·2H2O. A new study on this unnamed phase
allowed us to determine all necessary data and solve its crystal
structure. The new mineral and its name were approved by the
Commission on New Minerals, Nomenclature and Classifica-
tion of the International Mineralogical Association (IMA
2023-031). The name paulišite honors the Czech mineralogist,
engineer, and geologist Petr Pauliš (b. April 29, 1956, Ústí nad
Orlicí) fromKutná Hora, central Bohemia, Czech Republic, for
his contribution to mineralogy and economic geology. Pauliš is
the author of numerous published papers (more than 200) and
several books; the majority of them are related to the mineral-
ogy of some Czech localities, including the mineralogy of the
Kutná Hora ore district (Pauliš 1993, 1998; Malec and Pauliš
1997; Pauliš et al. 2015). The mineral symbol of paulišite, in
accordance with Warr (2021), is Plš.
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	Paulišite, Ca2Zn(CO3)3&middot;2H2O, a new mineral with a novel crystal structure
	Introduction
	Occurrence
	Physical and Optical Properties
	Chemical Composition
	Thermogravimetric Analysis
	Raman Spectroscopy
	X-ray Crystallography and Structure Determination
	Crystal Structure Description
	General features
	Cation coordination
	Anion coordination and H-bonds

	Relationship to known species
	Origin of Paulišite
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