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abSTracT

The crystal structure of vladkrivovichevite, a new complex lead oxychloride mineral from the 
Kombat Mine, Grootfontein, Namibia, has been solved by direct methods and refined to R1 = 0.048 for 
3801 unique observed reflections. The mineral is orthorhombic, Pmmn, a = 12.759(1), b = 27.169(4), 
c = 11.515(1) Å, and V = 3992.0(9) Å3. The structure of vladkrivovichevite belongs to a novel type of 
layered Pb oxychloride structure. The structure contains 12 symmetrically independent Pb sites. All Pb 
sites have strongly asymmetric coordination. Two B atoms form slightly distorted BO3 triangles. One 
symmetrically independent Mn atom forms five Mn-O bonds and one Mn-Cl bond by forming MnO5Cl 
octahedra. The O1, O2, O10, O11, and O12 atoms are tetrahedrally coordinated by four Pb atoms each, 
forming OPb4 oxocentered tetrahedra. The O7 site has a remarkable octahedral coordination, consist-
ing of four Pb and two Mn atoms. The O1Pb4, O2Pb4, O10Pb4, and O11Pb4 tetrahedra share common 
edges to produce bands interconnected by O12Pb4 tetrahedra, forming a [O18Pb32]28+ layer. A O7Pb4Mn2 
heterometallic oxocentered octahedron serves as the core of the [OPb4Mn2Cl2(BO3)8]16– clusters that 
link to the [O18Pb32]28+ layer via BO3 triangles. The presence of [OPb4Mn2Cl2(BO3)8]16– clusters is as-
sociated with large cross-like vacancies in the [O18Pb32]28+ layer.
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InTrOducTIOn

Vladkrivovichevite, a new complex Pb-Mn oxychloride 
borate, [Pb32O18][Pb4Mn2O]Cl14(BO3)8⋅2H2O, was found in 
a specimen from the Kombat Mine, Grootfontein, Namibia 
(Turner et al. 2012b). The mineral occurs as pale green crystals 
and grains in close association with hereroite (Siidra et al. 2013, 
this issue). Vladkrivovichevite was named in honor of Vladimir 
Gerasimovich Krivovichev (b. 1946), Head of the Department 
of Mineralogy, Faculty of Geology, St. Petersburg State Uni-
versity. In the present paper, we report on the crystal structure 
of vladkrivovichevite and its relationships with other complex 
layered Pb oxyhalides.

experIMenTal MeThOdS

Chemical composition
Forty analyses on three different grains of vladkrivovichevite were obtained 

using a Camscan-4DV scanning electron microscope (SEM) and AN-10000 
(EDX) spectrometer at the Radium Institute, St. Petersburg (Turner et al. 2012b). 
The empirical formula for vladkrivovichevite, calculated on the basis of Pb+Mn 
= 38 apfu, is Pb36.32O19Mn1.68Cl13.99(BO3)8⋅2H2O, and the ideal formula is [Pb32O18]
[Pb4Mn2O]Cl14(BO3)8⋅2H2O.

Single crystal X-ray analysis
A transparent, equant green crystal of vladkrivovichevite was studied using a 

Bruker Smart Apex II diffractometer at the Department of Crystallography, St. Pe-
tersburg State University, Russia. More than a hemisphere of X-ray diffraction data 
(θmax = 30.61°) with frame widths of 0.3° in ω, and with 55 s count time per frame 

were collected at room temperature using MoKα radiation. Data were integrated 
and corrected for absorption using an empirical ellipsoidal model implemented in 
the Bruker programs APEX and XPREP. The observed systematic absences were 
consistent with the space group Pmmn. The structure was solved in this space 
group by direct methods and refined to R1 = 0.048 on the basis of F2 for all unique 
data (Table 1). The SHELX program package was used for all structure calcula-
tions (Sheldrick 2008). The final model included all atomic positional parameters, 
refinable weighting scheme of the structure factors and anisotropic-displacement 
parameters for all atoms except O8–O12, OW1, OW2, B1, B2, Cl1A, and Cl1B. 
Attempts to refine these atoms anisotropically resulted in physically unrealistic 
parameters. Thermal parameters of the B1, B2 and O10, O11, O12 sites were fixed 
at the final stages of refinement. The final atomic coordinates and displacement 
parameters are given in Table 2, selected interatomic distances are listed in Table 
3. The list of observed and calculated structure factors can be provided by the 
authors upon request. A CIF1 is on deposit.

reSulTS

Cation coordination
Details of the cation coordination polyhedra for the Pb atoms 

are shown in Figure 1 (all distances shorter than 3.5 Å are taken 
into account). The structure of vladkrivovichevite contains 12 
symmetrically independent Pb sites. All Pb sites have strongly 
asymmetric coordination with three to four short Pb-O bonds in 
one coordination hemisphere. The coordination is complemented 
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