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absTracT

Studying the reason for the formation of two structural sub-types, seven arsenate and vanadate 
compounds of descloizite and adelite groups [specifically (1) CdCo(OH)(AsO4), (2) CdCu(OH)
(AsO4), (3) SrCo(OH)(AsO4), (4) SrZn(OH)(AsO4), (5) SrCu(OH)(VO4), (6) CdCo(OH)(VO4), and 
(7) CdCu(OH)(VO4) (bold numbers throughout paper refer to these compounds)] were synthesized 
under low-temperature hydrothermal conditions. 1–2 and 6–7 are isostructural with descloizite, and 
3–5 are with adelite-group minerals and several synthetic compounds. Together with a sample of 
conichalcite, (8) CaCu(OH)(AsO4), they were investigated using single-crystal X-ray diffraction [R(F) 
= 0.0153–0.0283 for 1–5 and 8; for 6 and 7, R(F) = 0.0603 and 0.0444, respectively] and Raman 
spectroscopy. Although crystallizing in different orthorhombic space groups, the atomic arrangements 
of descloizite-(Pnam) and adelite-(P212121) type compounds adopt the same topology: the atomic ar-
rangement is characterized by M2O6 octahedrons (M2 = Mg2+, Al3+, Mn2+,3+, Fe2+, Co2+, Ni2+, Cu2+, Zn2+) 
edge-linked into chains. These chains are interconnected by XO4 tetrahedrons (X = Si4+, P5+, V5+, As5+, 
Mo6+) into a three-dimensional framework. Cavities host M1 atoms (M1 = Na+, Ca2+, Cd2+, Hg2+, Pb2+); 
their coordination varies from 7 for descloizite-type representatives to 8 for adelite-type structures. The 
OH stretching frequencies in the Raman spectra are in good agreement with the observed O–H…O 
donor-acceptor distances. A detailed discussion of the crystal chemistry of these compounds and their 
influence on the space-group symmetry indicate a distinct dependence of the structural changes on 
the average ionic radii (rM1 + rX)/2.
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inTrodUcTion

The descloizite supergroup of minerals currently is comprised 
of 17 members (Table 1 and references therein). The great major-
ity of the members are arsenates and vanadates occurring in a 
considerable variety of ore deposits and on mine dumps. They 
were formed either by weathering of the primary ores or by hy-
drothermal processes. Up to now, there were just a few reports 
on hydrothermally synthesized synthetic members of these 
compounds (Clearfield et al. 1977; Moini et al. 1986; Permer 
et al. 1993; Healey et al. 1999; Effenberger 2002; Weil 2004).

The general formula of the descloizite supergroup of minerals 
and compounds is M11+,2+M22+,3+(OH,O)[X 4+,5+,6+(O4,O3OH)] (M1 
= Na+, Ca2+, Cd2+, Hg2+, Pb2+; M2 = Mg2+, Al3+, Mn2+,3+, Fe2+, Co2+, 
Ni2+, Cu2+, Zn2+; X = Si4+, P5+, V5+, As5+, Mo6+). Representatives 
with M1 = Na+, Cd2+, and Hg2+; and X = Mo6+ were found only 
for synthetic members. All members are orthorhombic (Z = 4), 
with a common topology. The atomic arrangement is character-
ized by M2O6 octahedrons (elongated tetragonal bipyramids 
in case of Cu2+ or Mn3+ cations due to Jahn-Teller distortion) 
edge-linked into chains. These chains are interconnected by XO4 
tetrahedrons into a three-dimensional framework. Cavities host 
M1 atoms; their coordination varies from [7] to [8] depending 

on the space-group symmetry. The atomic arrangement exhibits 
two distinct structural varieties. They are distinguished by their 
space-group symmetries and the coordination numbers [7] and 
[8] for the M1 cations, respectively. These varieties are respon-
sible for classifying the compounds into two subdivisions. The 
parental structure is centrosymmetric and shows space-group 
symmetry Pnam [descloizite-type compounds with M1 = Cd2+, 
Hg2+, Pb2+; M2 = Mn2+, Fe2+, Cu2+, Zn2+; and X = V5+, Mo6+]. 
This symmetry was proved for four minerals, all of which are 
vanadates with M1 = Pb2+, and four synthetic compounds (Table 
1). The adelite-type compounds show a slight deviation from 
centrosymmetry, and crystallize in space group P212121. Rep-
resentatives are known for M1 = Ca2+ or Pb2+; M2 = Mg2+, Al3+, 
Mn3+, Fe2+, Ni2+, Co2+, Cu2+, and Zn2+; and X = Si4+, P5+, As5+, 
and V5+. Thus, the variability of chemical composition in this 
group is quite large: arsenates, vanadates, protonated silicates, 
molybdates, and phosphates (Schlüter et al. 2011). Compounds 
adopting this space group are also of general interest because they 
are acentric. For the mineral gabrielsonite, PbFe2+(OH)(VO4), the 
structural data are uncertain. The space group of gabrielsonite, 
originally reported as P21ma (Moore 1967), is unconfirmed; a 
single-crystal study by the second author of this paper suggested 
other possible space groups, but was unable to solve the structure 
in either orthorhombic or lower-symmetry space groups (features 
observed during trials solutions strongly indicated the presence of 

American Mineralogist, Volume 101, pages 1135–1149, 2016

0003-004X/16/0005–1135$05.00/DOI: http://dx.doi.org/10.2138/am-2016-5422      1135 

* E-mail: tamara.djordjevic@univie.ac.at

mailto:tamara.djordjevic@univie.ac.at



