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Crystal chemistry of layered Pb oxychloride minerals with PbO-related structures: Part I. 
Crystal structure of hereroite, [Pb32O20(O,o)](AsO4)2[(Si,As,V,Mo)O4]2Cl10
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abSTracT

The crystal structure of hereroite, a new complex lead oxychloride mineral from the Kombat Mine, 
Grootfontein, Namibia, has been solved by direct methods and refined to R1 = 0.054 for 6931 unique 
observed reflections. The mineral is monoclinic C2/c, a = 23.139(4), b = 22.684(4), c = 12.389(2) Å, 
β = 102.090(3)°, and V = 6358.8(18) Å3. The structure contains 16 independent Pb sites in strongly 
asymmetric coordination by O and Cl atoms. There are two tetrahedral sites, from which one (As) is 
occupied solely by As, whereas the second (T) has the mixed occupancy of [Si0.48As0.29V0.15Mo0.09]. 
There are in total 21 O sites. The O1–O8 sites belong to the AsO4 and TO4 tetrahedral oxyanions. 
The other O atoms (O9–O20) are tetrahedrally coordinated by Pb atoms, thus being central for the 
OPb4 oxocentered tetrahedra. The OPb4 tetrahedra share edges to form the [O21Pb32]22+ layers that 
can be described as derivatives of the [OPb] layer from the structure of tetragonal PbO (litharge). 
The [O21Pb32]22+ layer in hereroite can be obtained from the [OPb] layer by removal of blocks of 
oxocentered tetrahedra, which results in formation of double-square sevenfold and square fourfold 
cavities. The cavities are occupied by the AsO4 and TO4 tetrahedra, respectively. The topology of the 
[O21Pb32]22+ layer is complex and can be described as a combination of modules extracted from the 
layers of OPb4 tetrahedra present in the structures of kombatite and symesite. The topological func-
tions of tetrahedra within the layer are analyzed using the square lattice method, which shows that 
each symmetry-independent tetrahedron has its own topological function in the layer construction. 
The structure of hereroite belongs to the 2:1 type of layered Pb oxyhalides and consists of alternating 
PbO-type layers and Cl sheets oriented parallel to the (010) plane.
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InTrOducTIOn

Lead oxyhalides occur under a wide range of natural and 
technological conditions (Post and Buseck 1985; Welch et al. 
1996, 1998, 2000, 2001; Noren et al. 2002; Turner 2006; Cziczo 
et al. 2009; Kampf et al. 2010a, 2010b; Turner and Rumsey 
2010). Their formation and precipitation play an important role 
in the transport of Pb from mines and mill tailings to the bio-
sphere. Lead oxyhalides are also important as inorganic materials 
with various existing and potential technological applications 
(Matsumoto et al. 2001; Sigman and Korgel 2005; Pfitzner and 
Pohla 2009; Wan et al. 2011). In nature, lead oxychlorides occur 
as secondary minerals in oxidation zones of mineral deposits. 
Their structures may accommodate a wide range of elements, 
including As, S, V, Mo, P, Si, I, etc., which results in interest-
ing chemical and structural diversity. Of particular interest are 
minerals with layered PbO-derivative structures, which are 
structurally related to the Aurivillius phases. Table 1 provides 
details on chemical composition and crystallographic data for 
natural PbO-related oxychloride minerals known to date. In this 
paper, we report on the crystal structure of hereroite, [Pb32O21–x+y]
(AsO4)2{[Six(As,V)1–x–yMoy]O4}2Cl10, a new complex lead oxy-

chloride mineral recently described from the Kombat Mine, 
Grootfontein, Namibia (Turner et al. 2012a). Hereroite was 
found in close association with asisite, damaraite, kombatite, 
sahlinite, vladkrivovichevite, barysilite, quartz, native copper, 
hausmannite, jacobsite, and manganite. The Kombat mine ore 
bodies contain primary Pb-Cu-Zn(-Ag) sulfides, which were 
originally emplaced hydrothermally as fracture fillings. Primary 
ores were then modified by later epigenetic, hydrothermal and 
metasomatic replacement events. These events created a range 
of Pb-Mn-Fe silicate minerals in the Kombat deposit, as well 
as a variety of late-stage Pb-oxychloride minerals including 
hereroite (Cairncross 1997). Hereroite occurs as transparent to 
translucent intergrown, glassy-looking orange grains up to ∼0.5 
mm in diameter.

bacKgrOund InfOrMaTIOn

The crystal structures of PbO-related layered lead oxyhalides 
are based upon the O-Pb layers alternating with the sheets X of 
X− ions (X = Cl, Br) (Aurivillius 1982, 1983; Krivovichev et al. 
2009). The stacking sequence of sheets is either

…X|OPb|OPb|X|OPb|OPb|… with the (OPb):X ratio equal 
to 2:1 (X = F, Cl, Br) or 

…X|OPb|X|OPb|X… with (OPb):X = 1:1.* E-mail: siidra@mail.ru


