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Description and crystal structure of cabalzarite Ca(Mg,Al,Fe)2(AsO4)2(H2O,OH)2, a new
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ABSTRACT
Cabalzarite, M1CaM2(Mg,Al,Fe3+ )2(XAsO4)2(H2O,OH)2, is a new mineral of the tsumcorite group
occurring in altered Mn ore at the abandoned Falotta mine (Swiss Alps). Together with other arsenates, cabalzarite documents the mobility of As during the retrograde stage of the Tertiary Alpine
metamorphism under lowest to sub-greenschist facies conditions. Cabalzarite crystals vary in morphology from hatchet-like to fibrous and tabular. The color is light-brownish to salmon pink or
orange brown, and the average refractive index is around 1.7. Cabalzarite is chemically inhomogeneous, with the main variations occurring on the octahedral M2 site occupied by Mg, Al, Fe3+ , and
Mn3+ . Al and Mg are the dominant M2 cations, with Al/(Al + Mg) ratios varying between 0.31 and
0.59 (92 analyses). Cabalzarite is the first member of the tsumcorite group with octahedral Mg and
Al as major constituents. Single-crystal X-ray structure refinements were performed on two different crystals. Cabalzarite is monoclinic, space group C2/m, Z = 2. The cell parameters for the type
crystal CABA11.5, of composition (Ca1.00Sr0.02)(Al0.80Mg0.77Fe0.23Mn0.03)Σ1.83(AsO4)2(H2O1.26OH0.74)2,
are a = 8.925(2) Å, b = 6.143(1) Å, c = 7.352(1) Å, β = 115.25(3)˚, ρcalc = 3.73 g/cm3. The structure
of cabalzarite is isomorphic with that of tsumcorite. The site M1 (Ca) is eightfold-coordinated (6 +
2) with average M1-O = 2.549 Å; M2 is octahedral with an average M2-O = 2.010 Å; and the
average As-O distance of the arsenate group is 1.689 Å. Charge balance for the simultaneous occupation of M2 by two- and three-valent cations is achieved by H2O as well as OH contributing to the
M2 coordination.

INTRODUCTION
The minerals of the tsumcorite group, of general formula
M1 M22(XO4)2(H2O,OH)2, are characterized by a flexible crystal
structure, which can accommodate various cations. Natural endmembers have been described with Pb, Ca, and Na dominating
on the M1 site, Zn, Fe3+, Cu2+, Mn3+, and Co on the M2 site,
and As5+, P5+, V5+, and S6+ on the X-site. The basic tsumcorite
type structure is monoclinic (C2/m). Some members display a
triclinic cell; the symmetry reduction (Krause et al. 1998) is
due to cation ordering on the two M2 positions [e.g., gartrellite,
Pb(Cu,Fe3+ )2(AsO4)2(H2O,OH)2], or, in the case of species with
two H2O per formula unit (pfu), to the ordering of the hydrogen bonds [e.g., helmutwinklerite, Pb(Zn,Cu)2(AsO4)2(H2O)2].
This paper reports the occurrence of the first member of the
tsumcorite group containing Mg and Al as dominant M2 cations. The mineral occurs in the abandoned Mn-mine of Falotta,
Graubünden, Switzerland, and has been named cabalzarite as
a tribute to Walter Cabalzar, a keen amateur collector who performed an important contribution to the mineralogy of the canton Graubünden (e.g., Bächtiger et al. 1972; Geiger and
Cabalzar 1989; Brugger et al. 1994), and who in particular par*E–mail: joelb@mail.earth.monash.edu.au.
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ticipated in the description of two new minerals from Falotta
(grischunite and geigerite). The holotype material is deposited
at the “Musée Cantonal de Géologie,” Lausanne, Switzerland
(sample MGL73785 corresponding to CABA 11 in this paper),
and a co-type at the “Naturhistorisches Museum,” Basel, Switzerland.

OCCURRENCE
A small Mn-deposit was excavated at the Falotta mine during World War II. Falotta belongs to the numerous Mn-occurrences embedded in the radiolarites, which overlay the
MORB-basalts of the Platta Nappe in the Swiss Alps (Geiger
1948). A syn-sedimentary exhalative origin in connection with
the Jurassic oceanic ridge volcanism is proposed for these deposits (Suana 1984). The sedimentary ores recrystallized during the regional Alpine metamorphism under lowest greenschist
facies conditions (≤325 °C, 3–5 kb; Mählmann 1996;
Mählmann, written communication). The ore today consists
mainly of braunite, rhodonite, and spessartine. In addition,
tinzenite, parsettensite, sursassite, and strontian piemontite are
locally abundant.
An As-anomaly is well established in syn-genetic deposits
of exhalative hydrothermal origin (Marchig et al. 1982). Many
metamorphic equivalents of this type of deposit are famous for
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