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abstract

Bartelkeite from Tsumeb, Namibia, was originally described by Keller et al. (1981) with the chemi-
cal formula PbFeGe3O8. By means of electron microprobe analysis, single-crystal X-ray diffraction, 
and Raman spectroscopy, we examined this mineral from the type locality. Our results show that 
bartelkeite is monoclinic with space group P21/m, unit-cell parameters a = 5.8279(2), b = 13.6150(4), 
c = 6.3097(2) Å, β = 127.314(2)°, and a revised ideal chemical formula PbFeGeVIGe2

IVO7(OH)2·H2O 
(Z = 2). Most remarkably, bartelkeite is isostructural with the high-pressure P21/m phase of lawsonite, 
CaAl2Si2O7(OH)·H2O, which is only stable above 8.6 GPa and a potential host for H2O in subducting 
slabs. Its structure consists of single chains of edge-sharing FeO6 and Ge1O6 octahedra parallel to the 
c-axis, cross-linked by Ge22O7 tetrahedral dimers. The average <Ge-O> bond lengths for the GeO6 
and GeO4 polyhedra are 1.889 and 1.744 Å, respectively. The Pb atoms and H2O groups occupy large 
cavities within the framework. The hydrogen bonding scheme in bartelkeite is similar to that in law-
sonite. Bartelkeite represents the first known mineral containing both 4- and 6-coordinated Ge atoms 
and may serve as an excellent analog for further exploration of the temperature-pressure-composition 
space of lawsonite.
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intrODuctiOn

 Germanate materials are used as analogues of silicate phases 
because they can be studied at attainable experimental condi-
tions and provide an understanding of the physical and chemical 
properties of minerals and melts in the Earth’s interior (e.g., 
Ringwood, and Seabrook 1963; Ross et al. 1986; Hazen et al. 
1996; Henderson and Wang 2002; Iezzi et al. 2005; Nestola et al. 
2008). Yet, little attention has been devoted to the Ge-analogues 
of hydrous silicates thus far (Thomas et al. 2008), despite their 
presumed role in the hydrogen budget of the earth (e.g., Ring-
wood and Major 1967; Thompson 1992; Frost 2006). Only a 
few high-pressure hydrous germanates in the Al2O3-GeO2-H2O 
system have been examined as analogs for phases in the Al2O3-
SiO2-H2O system in deeply subducted rocks, where lawsonite 
and related phases undergo phase transformations (e.g., Schmidt 
1995; Wunder and Marler 1997).

While it appears that the number of synthetic germanates has 
been increasing continuously, there are only 3 anhydrous and 10 
hydrous natural germanates in the current list of IMA approved 
minerals. Unfortunately, until now, seven of these germanate 
minerals have not been structurally characterized, making it 
difficult to take full advantage of natural germanates as models 
of silicates at mantle conditions.

The germanate, bartelkeite, was originally described by 

Keller et al. (1981) as a new mineral from Tsumeb, Namibia, 
with chemical formula PbFeGe3O8, and monoclinic symme-
try with space group P21 or P21/m, unit-cell parameters a = 
5.431(3), b = 13.689(7), c = 5.892(3) Å, β = 111.79(4)°, Z = 2. 
Since then, no further study has been reported for this mineral. 
Here, we present the first structure solution of bartelkeite from 
single-crystal X-ray-diffraction data, demonstrating that its 
ideal chemical formula is PbFeGe3O7(OH)2·H2O, rather than 
PbFeGe3O8. Furthermore, we reveal that bartelkeite is iso-
structural with the high-pressure P21/m phase of rock-forming 
lawsonite, CaAl2Si2O7(OH)·H2O, which is only stable above 8.6 
GPa, opening a new channel for investigating the complex phase 
transitions in lawsonite.

exPeriMentaL PrOceDures
The bartelkeite specimen used for the study is from the type locality, Tsumeb, 

Namibia, and in the collection of the RRUFF Project (http://rruff.info/R070114). Its 
chemical composition was determined using a Cameca SX-100 electron microprobe 
at 25 kV and 40 nA with a beam size of 10 μm. The average of 18 analysis points 
gives (wt%) PbO = 34.1(2), FeO = 10.6(1), GeO2 = 46.2(2), As2O5 = 2.8(3), SiO2 
= 0.10(1), ZnO = 0.08(2), P2O5 = 0.04(1), Cl = 0.20(6), SO3 = 0.14(4), and total = 
94.4(2). The chemical formula was calculated on the basis of 10 (O + Cl) atoms per 
formula unit, as determined from the structure refinement (see below), by adding 
5.64 wt% H2O to achieve charge balance, yielding Pb0.97(Fe2+

0.94Zn0.01)Σ=0.95 GeVI
1.00 

(Ge1.81As0.16Si0.01S0.01)IV
Σ=1.99O7[(OH)1.94Cl0.04]Σ=1.98·1.02H2O, which can be simplified 

as PbFeGeVIGe2
IVO7(OH)2·H2O.

Single-crystal X-ray diffraction data of bartelkeite were collected from a nearly 
equi-dimensional crystal (∼0.09 × 0.09 × 0.08 mm) on a Bruker X8 APEX2 CCD 
X-ray diffractometer equipped with graphite-monochromatized MoKα radiation. * E-mail: hyang@u.arizona.edu 


