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Argesite, (NH4)7Bi3Cl16, a new mineral from La Fossa Crater, Vulcano, Aeolian Islands,
Italy: A first example of the [Bi2Cl10]4− anion
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Abstract
The new mineral argesite, ammonium bismuth chloride (NH4)7Bi3Cl16, was found in a mediumtemperature (~250 °C) active fumarole at La Fossa crater, Vulcano, Aeolian Islands, Sicily, Italy.
The mineral occurs on a pyroclastic breccia as pale-yellow crystals up to 0.15 mm in length, in
association with bismuthinite, adranosite, brontesite, demicheleite-(Br), demicheleite-(Cl), and
panichiite. Argesite is trigonal, space group: R3c (no. 167) with Z = 18; the unit-cell parameters are
(single-crystal data): a = 13.093(1), c = 102.682(1) Å, and V = 15245(2) Å3. The six strongest reflections in the X‑ray powder diffraction pattern are: [dobs(Å) (I) (hkl)] 3.164 (100) (0 3 18), 3.808 (44)
(2 2 20), 2.742 (78) (2 4 21), 6.14 (16) (1 2 6), 1.906 (16) (0 0 54), 1.686 (13) (5 6 34). The mineral
is uniaxial (–), with ω = 1.731(2), ε = 1.725(2) (589 nm). The IR spectrum shows absorptions at
3188(vs), 3060(s), and 1397(vs) cm–1, in agreement with the presence of the ammonium ion. Chemical
analyses obtained by EDS electron microprobe gave (average wt%) Bi 42.26, Cl 32.57, Br 13.06, I
0.95, K 2.46, Tl 0.88, NH4 7.82 (by difference) total 100.00, corresponding to the empirical formula:
[(NH4)6.29K0.91Tl0.06]Σ7.26Bi2.93(Cl13.33Br2.37I0.11)Σ15.81. The measured density is 2.88(1) g/cm3. The structure
was refined, using single-crystal diffraction data, to a final R = 0.0345 for 1289 independent observed
3–
reflections [I > 2σ(I)]. It contains Bi2Cl4–
10 and BiCl6 anions where the Bi atoms are octahedrally co+
ordinated, and NH4 cations are partially replaced by K+ and Tl+ ions.
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Introduction
The fumarole system at La Fossa crater, Vulcano, Aeolian
Islands, Sicily, Italy, is subject to a wide mineralogical variability
depending on the geochemical conditions, which may change
considerably even in a very brief span of time. The peculiar
chemistry of the fluids discharged from the area, as well as the
wide range of fumarole temperatures, favor the deposition of
an extensive variety of minerals, whose formation and association are highly influenced by the flow rates of the gases emitted
from the vents at the time of deposition (Garavelli et al. 1997;
Cheynet et al. 2000).
Notable quantities of ammonium minerals such as salammoniac are present in this environment; this mineral was at times
so abundant to be commercially exploited, especially in the
last centuries (Campostrini et al. 2011, and references therein).
Besides this salt, there are several ammonium-bearing sulfates,
which were completely absent during the thermal crisis, which
occurred in the area in the years 1988–1997. These products,
such as adranosite (NH4)4NaAl2(SO4)4Cl(OH)2 (Demartin et al.
2010a), mascagnite (NH4)2SO4, and the very rare pyracmonite
(NH4)3Fe3+(SO4)3 (Demartin et al. 2010b), were found only in
the last few years. Particularly interesting is also the presence of
some ammonium-bearing minerals containing heavy elements in
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the form of chloride complexes, such as panichiite (NH4)2SnCl6
(Demartin et al. 2009a) and brontesite (NH4)3PbCl5 (Demartin
et al. 2009b).
In the course of systematic investigations on minerals at
Vulcano, the new mineral argesite (NH4)7Bi3Cl16, an ammonium
bismuth chloride, has also been discovered in the year 2007; this
mineral had previously been mentioned as an unknown species
by Campostrini et al. (2011) as “UKI-fo-05-(Cl: NH4 Bi).” Here
we report the description of the new species and its structure
determination. The mineral was approved by the IMA Commission on New Minerals, Nomenclature and Classification (No.
2011-072). The name is after Uranus’s son Arges, one of the three
Cyclops who were helpers of Hephaistos, the ancient Greek god
of fire (Vulcanus for the ancient Romans) whose workshops were
alleged to be located at Vulcano island (or Etna). The holotype
is deposited (no. 2011-04) in the Reference Collection of the
Dipartimento di Chimica Strutturale e Stereochimica Inorganica
at the Università degli Studi di Milano.

Occurrence, physical properties, and
chemical data

Argesite occurs in an active medium-temperature (~250 °C)
intracrater fumarole [labeled as fumarole FA in Borodaev et
al. (2000) and in Pinto et al. (2006)] on a pyroclastic breccia,
in close association with bismuthinite, adranosite, brontesite,
demicheleite-(Br) (Demartin et al. 2008), demicheleite-(Cl)
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