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The crystal structure of ramdohrite, Pb5.9Fe0.1Mn0.1In0.1Cd0.2Ag2.8Sb10.8S24: A new refinement
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abstRact

The crystal structure of ramdohrite, Pb5.9Fe0.1Mn0.1In0.1Cd0.2Ag2.8Sb10.8S24, from the Chocaya mine, 
Potosí, Bolivia, determined by Makovicky and Mumme from film data in 1983, was refined from 
single-crystal diffractometer data to the R value 0.060, based on 5230 reflections [I > 2σ(I)] from 
a twinned crystal. Lattice parameters are a = 8.7348(3), b = 13.0543(4), c = 19.3117(6) Å, and β = 
90.179(2)°, space group P21/n.

Two bicapped trigonal prismatic sites of lead bridge and unite adjacent (311)PbS slabs. These slabs 
contain five distinct coordination pyramids of Sb with trapezoidal cross sections, a mixed and dis-
ordered Sb-Ag-Cd-(Pb) site, refined as 0.39 Sb + 0.61 Ag, a pure Ag site with a very open, irregular 
tetrahedral coordination, and an octahedral site occupied by Pb. The (311)PbS slabs contain large lone 
electron pair micelles formed by four distinct antimony sites in alternation with small such micelles 
formed by a single Sb site. The geometric arrangement of these slabs is not based on crankshaft chains 
of short, strong Me-S bonds but on a chess-board arrangement of (predominantly) Sb pairs that share 
two common S atoms via short bonds. Relationships to, and differenced from, fizelyite and uchuc-
chacuaite are described and discussed.
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intRoduction

The andorite–fizelyite substitution series, ideally Pb3Sb2S6–
PbAgSbS3, is the N = 4 subset of the more general lillianite 
homologous series. Its internal division into several ordered 
derivatives, structures with incorporation of minor elements and 
with miscibility gaps between them, contrasts with a relative sim-
plicity of the parallel, bismuth-based lillianite–gustavite series, 
ideally Pb3Bi2S6–PbAgBiS3, with only one composition gap and 
no need to incorporate other cations in a substantial role.

Among earlier attempts to organize this complexity we can 
recall Hellner (1958) and Strunz (1966). By that time, crystal 
lattice and symmetry studies of museum samples of ramdohrite, 
fizelyite, and andorite were published by Nuffield (1945), but the 
chemistry data used by him were based on old bulk analyses and 
the assignment was not quite secure. Donnay and Donnay (1954) 
studied the complicated superlattices of the highly substituted 
members of the series, known under a summary name “andorite.” 
Kawada and Hellner (1971) determined a 4 Å substructure of 
andorite, and Sawada et al. (1987) described a complete structure 
of “andorite VI” that has a sixfold superstructure. A dedicated 
study by Moëlo, Makovicky, and Karup-Møller, published in 
1989, investigated several specimens from the entire series by 
means of microprobe analyses, connected with a single-crystal 
study (a complete crystal lattice and symmetry description) of 
selected specimens, and for the case of ramdohrite, by a complete 
crystal structure determination (Makovicky and Mumme 1983). 
The present state of the andorite–fizelyite series was presented by 
Moëlo et al. (2008). Our knowledge of it, however, was recently 

enriched by the crystal structure determinations on fizelyite 
Ag5.94Pb13.74Sb20.84S48, uchucchacuaite AgMnPb3Sb5S12 (Yang 
et al. 2009, 2011), and menchettiite AgPb2.40Mn1.60Sb3As2S12 
(Bindi et al. 2012). 

Especially because of the results of three latter, modern 
structure determinations, we decided to re-refine the crystal 
structure of ramdohrite, with the refinement based on a modern 
data collection. This refinement makes the results on ramdohrite 
comparable with the rest of the available crystal-chemical data 
on this group.

ExpERimEntal mEthods
The electron microprobe analysis of the studied ramdohrite specimen (appara-

tus CAMEBAX, at BRGM-CNRS Orléans, operating conditions 25 kV and 15 nA, 
counting time 6 s, correction using fizelyite from Felsöbanya as internal standard), 
included in Moëlo et al. (1989), yield 32.9 wt% Pb, 0.16 wt% Fe, 0.18 wt% Mn, 
0.12 wt% Sn, 0.22 wt% In, 0.67 wt% Cd, 8.1 wt% Ag, 35.7 wt% Sb, and 21.1 
wt% S. No Cu, As, nor Bi were detected. In atomic percent of pure cations, these 
results indicate 29.3 Pb, 0.5 Fe, 0.6 Mn, 0.2 Sn, 0.4 In, 1.1 Cd, 13.8 Ag, and 54.1 
Sb. The “small” cations amount to 2.8 cations per 100 cations in this presentation.

For the X-ray intensity data collection, the same crystal fragment was used 
as for the first crystal structure determination by Makovicky and Mumme (1983). 
It was isolated from a sample labeled as “ramdohrite, Colorada Veine” from the 
Chocaya Mine, Potosí, Bolivia (a type locality of ramdohrite) and kept in the collec-
tions of Ecole des Mines de Paris, France. The sample contains a typically twinned 
ramdohrite, well separated from intimate exsolution intergrowths of andorite and 
ramdohrite, and owyheeite (Moëlo et al. 1989). Ramdohrite contains widely spaced 
scarce andorite exsolutions on twin composition planes of ramdohrite.

Single-crystal data were collected at the University of Melbourne using an 
Oxford Diffraction SuperNova diffractometer. Altogether 39 479 reflections were 
collected for the monoclinic cell of a = 8.7348, b = 13.0542, c = 19.3116Å, β = 
90.179° chosen by the instrumental software (CrysAlisPRO, 2010). In this orien-
tation the crystal is multiply twinned on (001). Structure refinement was carried 
out with SHELX97, using as the starting atomic parameters those determined by * E-mail: emilm@geo.ku.dk


