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Crystal structures of synthetic melanotekite (Pb2Fe2Si2O9), kentrolite (Pb2Mn2Si2O9), and 
the aluminum analogue (Pb2Al2Si2O9)
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abstract

Synthetic crystals of melanotekite and kentrolite were obtained at 850 °C from melt. The aluminum 
analogue of kentrolite Pb2Al2Si2O9 was hydrothermally synthesized at 2 GPa, 650 °C together with 
zoisite-(Pb) and margarite-(Pb). Synthesis products were characterized by single-crystal diffraction 
studies and microprobe analysis.

The aluminum analogue Pb2Al2Si2O9 was observed in space group Pbcn with lattice parameters 
a = 6.8981(7) Å, b = 10.6906(15) Å, c = 9.7413(10) Å, and V = 718.37 Å3. Fourier mappings show 
no irregularities of the Pb site.

Melanotekite with lattice parameters a = 6.9786(6) Å, b = 11.0170(11) Å, c = 10.0895(9) Å, and 
V = 775.71(17) Å3 in space group Pbcn show a slightly deformed Pb-position in Fourier mappings.

Kentrolite was observed in space group P21221 with pseudo-symmetry to Pbcn with lattice param-
eters a = 7.0103(5) Å, b = 11.0729 (7) Å, c = 9.9642(7) Å, and V = 773.47(11) Å3. Fourier mappings 
of the kentrolite structure show that two different split Pb sites exist, which causes lower symmetry. 
The unit-cell volume of different members of the kentrolite group is a linear function of trivalent ionic 
radii in sixfold coordination for the elements Al, Ga, In, and also for Fe and Mn in high spin mode.

The structure of Pb2M2Si2O9 (M = Al3+, Fe3+, Mn3+) is built on isolated M-octahedra chains paral-
lel c, M-octahedra sharing alternately trans and skew edges. Each Si2O7-group is linked with their 
vertices to three octahedra chains. Their Si-O-Si bond angles depend on the size of M-octahedra and 
are 129.84° in Pb2Al2Si2O9, 131.08° in Pb2Fe2Si2O9, 128.34° and 130.33° in Pb2Mn2Si2O9.
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introDuction

Kentrolite (Pb2Mn2Si2O9) is a rare mineral and occurs mainly 
in Mn- and Pb-leading skarn ore deposits. It was found, i.e., in 
Tsumeb, Otjikoto (Namibia) and in Långban, Filipstad, Värm-
land, (Sweden).

Kentrolite is an orthorhombic sorosilicate with Si2O7-groups 
with Si-O-Si-dimers aligned to [100]. The Si2O7-groups are 
associated with edge-shared (Mn3+O6) octahedra, which build 
an infinite octahedral chain parallel [001]. These octahedra are 
alternately trans and skew with respect to adjacent octahedra 
(Moore et al. 1991; Barbier and Lévy 1998), see Figure 1.

The linkage of octahedra chains in the kentrolite group can be 
related to other known crystal structures, i.e., the borax structure 
[Na(H2O)4]2[B4O5(OH)4], with sodium as central atom in the octa-
hedron. The octahedra chains in borax are bonded with hydrogen 
and B2O7-BO3 groups. The octahedra chain of kentrolite also 
closely resembles the infinite [MnO4] chain of the synthetic phase 
CMS-X1 Ca3Mn2O2(Si4O12), which was found next to piemontite 
(Anastasiou and Langer 1977).

The complete Pb2(Mn,Fe)2Si2O9 solid-solution series was 
studied by Ito and Frondel (1966). The end-members with Cr, 
Ga, Sc, and In were synthesized by Ito and Frondel (1968) and 
Ito (1968).

The first crystal-structure model of natural kentrolite 
(Pb2Mn2Si2O9) is given in space group C2221 based on Weis-
senberg photographs from Gabrielson (1961). Later, Ito and 
Frondel (1966) synthesized solid-solution series between the Mn 
and Fe end-member, Pb2Fe2Si2O9, named melanotekite. Lattice 
parameter refinement within the solid solution showed a linear 
relation with XFe based on powder-XRD data.

Gabelica-Robert and Tarte (1979) subsequently synthesized 
the known kentrolite structures and additional Ge-analogues and 
also structures with double substitution 2M3+ → M2+ + M4+ with 
M2+ (Mg, Co, Ni, Cu) and M4+ (Ti, Sn). They found no common 
linear behavior of lattice parameters of these kentrolite end-
members based on the ionic radii (Shannon 1976) of the transition 
metals of the fourth period. In particular, kentrolite structures 
with Mn3+ and Cu2+ differ significantly in lattice parameters as 
expected from ionic radii. From IR and Raman spectroscopy, 
these authors suggested a lower symmetric space group than 
C2221, however without providing a structure solution.* E-mail: guido.doersam@web.de


