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abstract

Uchucchacuaite, ideally AgMnPb3Sb5S12, was originally reported as orthorhombic, with possible 
space group Pmmm, P222, or Pmm2, and unit-cell parameters a = 12.67, b = 19.32, and c = 4.38 Å 
obtained from powder X-ray diffraction data (Moëlo et al. 1984a). Using single-crystal X-ray dif-
fraction, we examined two uchucchacuaite samples, one from the type locality, Uchucchacua, Peru, 
and the other from Hokkaido, Japan (designated as R100213 and R070760, respectively). Our results 
show that uchucchacuaite is isostructural with ramdohrite and fizélyite, with monoclinic symmetry 
(P21/n) and the unit-cell parameters a = 19.3645(11), b = 12.7287(8), c = 8.7571(6) Å, b = 90.059(3)° 
for R100213 and a = 19.3462(7), b = 12.7251(5), c = 8.7472(3) Å, b = 90.017(2)° for R070760. 
Both samples are pervasively twinned and the twin refinements yielded the final R1 factors of 0.037 
and 0.031 for R100213 and R070760, respectively. The chemical compositions determined from 
electron microprobe analysis are Ag0.99(Mn0.92Pb0.03Sb0.02Bi0.01)S=0.98Pb3.00Sb5.00S12.00 for R100213 and 
Ag1.00(Mn0.82Sb0.11Ag0.04Bi0.02)S=0.99Pb2.98Sb5.00S12.00 for R070760. The key structural difference among 
uchucchacuaite, ramdohrite, and fizélyite lies in the cations occupying the M2 site, which can be 
expressed with a general structural formula as Ag(M2+

2yAg½–ySb½–y)Pb3Sb5S12, where M2+ represents 
divalent cations with 0 ≤ y ≤ ½. From the current list of IMA-defined minerals, we consider M = 
Cd with y = 0.125 for ramdohrite, M = Pb with y = 0.25 for fizélyite, and M = Mn with y = 0.5 for 
uchucchacuaite. Associated with the variation in the average M2 cation size from fizélyite (1.078 Å) 
to ramdohrite (0.955 Å) and uchucchacuaite (0.83 Å) is the significant decrease in the average M2-S 
bond distance from 2.917 to 2.834, and 2.654 Å, respectively, as well as corresponding variations in 
the unit-cell b dimension from ~13.23 to 13.06 and 12.73 Å.
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introDuction

Uchucchacuaite, AgMnPb3Sb5S12, belongs to the Sb-rich 
andorite subgroup in the lillianite homeotypic series of Pb-Ag-
Sb-Bi sulfosalts (Moëlo et al. 2008). A general chemical formula 
for the andorite subgroup can be expressed as AgxPb3–2xSb2+xS6, 
with possible substitution of Mn/Cd for Pb and Cu for Ag. Miner-
als within this subgroup, which are usually classified based on 
the percentage of the andorite component (Andx%), (Moëlo et al. 
2008), include uchucchacuaite (And50), fizélyite Ag5Pb14Sb21S48 
(And62.5), ramdohrite CdAg5.5Pb12Sb21.5S48 (And68.75), andorite 
IV Ag15Pb18Sb47S96 (And93.75), andorite VI AgPbSb3S6 (And100), 
and roshchinite (Ag,Cu)19Pb10Sb51S96 (And118.75). Depending on 
the chemical composition, the c periodicity in this subgroup 
is a multiple n of ~4.36 Å. The reported data show n = 1 for 
uchucchacuaite (Moëlo et al. 1984a), n = 2 for fizélyite (Moëlo 
et al. 1984b; Yang et al. 2009) and ramdohrite (Makovicky and 
Mumme 1983), n = 4 for andorite IV (Donnay and Donnay 
1954; Moëlo et al. 1984b) and roshchinite (Spiridnov et al. 
1990), and n = 6 for andorite VI (Donnay and Donnay 1954; 
Sawada et al. 1987).

Uchucchacuaite was first discovered in Uchucchacua, Peru 
(Moëlo et al. 1984a), and later in Hokkaido, Japan (Matsubara 
and Miyawaki 2006). According to Moëlo et al. (1984a), uchuc-
chacuaite from Peru has the composition Ag0.98(Mn0.91Fe0.06)S0.97 

Pb3.04Sb5.09(S11.93Se0.07)S12. Its X-ray powder pattern was indexed 
on the basis of it being in the andorite series with orthorhombic 
symmetry, possible space group Pmmm, P222, or Pmm2, and 
unit-cell parameters a = 12.67, b = 19.32, c = 4.38 Å. Moëlo et 
al. (1984a) further suggested an ordered distribution of Pb and 
Mn in the structure. Since then, no detailed crystallographic study 
has been reported for this mineral and its structural relationship 
with other minerals in the andorite series has remained unad-
dressed. Based on single-crystal X-ray diffraction data, this study 
presents the first structure determination of uchucchacuaite and 
demonstrates that it is isotypic with ramdohrite and fizélyite, 
with monoclinic symmetry (P21/n) and its c dimension twice 
that reported by Moëlo et al. (1984a).

experiMentaL proceDures
Two uchucchacuaite samples were used in this study: one from the type 

locality Uchucchacua, Peru (RRUFF project collection, R100213; http://rruff.
info/R100213), and the other from Hokkaido, Japan (RRUFF project collection, 
R070760; http://rruff.info/R070760). The sample compositions were analyzed on * E-mail: hyang@u.arizona.edu


