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Abstract: Ardennite-(V), ideally Mn4[Al4(AlMg)][Si5V]O22(OH)6, is the analogue of ardennite, ideally
Mn4[Al4(AlMg)][Si5As]O22(OH)6, with V dominant at the T4 site. The history of the discovery of ardennite is outlined,
with special accent on its chemical composition; revision of the old literature evidenced that even if vanadium-containing
specimens were considered since the first description, the analytical data contained in the first papers are very questionable, and
ardennite has been so far considered an arsenate-silicate. A new occurrence of ardennite-(V) is described from Sparone, Locana
Valley (TO), Piedmont, Italy. Here ardennite-(V) occurs within a piemontite-bearing micaschist. Crystals are elongated along
[010] and very thin (up to 1 mm in length and a few microns in diameter), are yellow with a white streak, transparent with a
vitreous lustre, and brittle. No cleavage or parting were observed. The calculated density is 3.55 g/cm3. Optically, ardennite-(V)
is biaxial, with α > 1.765(5), β < 1.775(5), and γ = 1.775(5), and is weakly pleochroic, with X, Y = pale yellow; Z = yellowish.
Electron microprobe analyses (P2O5 0.38 wt.%, As2O5 0.37, V2O5 4.60, SiO2 31.21, TiO2 0.21, Al2O3 22.60, Fe2O3 1.64,
Cr2O3 0.34, MgO 4.44, MnOtot 23.28, CaO 4.24, Na2O 0.02, F 0.17, H2Ocalc 5.70), gave the following empirical formula:
[Mn2+

3.221Ca0.774Na0.006]∑=4.001 [Al4.456Mg1.127Fe3+
0.210Mn3+

0.137Cr0.046Ti0.027]∑=6.003 [Si5.000] [V0.518Si0.315Al0.080P0.055As0.033]∑=1.001

O21.433 (OH)6.475 F0.092. The five strongest peaks in the X-ray powder diffraction pattern [d(Å)(I)(hkl)] are: 2.948(90)(115),
2.609(100)(310/116), 2.033(55)(225), 1.585(75)(425), 1.477(45)(2.2.10). Ardennite-(V) is orthorhombic, space group Pnmm,
with a 8.760(3), b 5.838(2), c 18.56(2) Å. Both the new mineral and its name were approved by the IMA CNMNC. Chemical
analyses which point to the occurrence of ardennite-(V) were recorded also at Varenche mine, S. Barthelemy, Aosta Valley, Italy,
but the crystal showed a marked zoning.

Key-words: ardennite-(V), new mineral species, Sparone, Piedmont, Italy, ardennite.

Introduction

The general formula of ardennite may be written as
A4M6T6O22(OH)6, in which A are large, seven-fold coor-
dinated sites which can host Mn2+ and in smaller amount
Ca2+ and Mg2+, M are octahedral sites which can host Al3+,
Fe3+, Mn3+, Mg2+ and other minor six-fold coordinated
cations, T are tetrahedral sites which can host Si4+, As5+,
V5+, and P5+.

The crystal structure of ardennite (Donnay & Allmann,
1968) has orthorhombic symmetry, with space group
Pnmm, and a ≈ 8.8, b ≈ 5.8, c ≈ 18.6 Å. It consists
of chains of edge-sharing [MO6] octahedra running along
[010], linked together through [TO4] and [T3O10] ortho-
and trisilicate groups, with A cations finding place within
the larger structural voids (Fig. 1). In the asymmetric unit
there are four independent T sites – T1 to T4 – arranged
into one [(T2-T3-T2)O10] group, two [T1O4] tetrahedra,
and one [T4O4] tetrahedron. Typically, whereas T1, T2,
and T3 sites are occupied by silicon, a pentavalent cation
dominates at the T4 site. Since the A sites are invariably oc-
cupied by divalent cations, the charge balance is ruled by

the coupled substitution T4+ +M3+ ⇔ T5++M2+. Accord-
ingly, the general formula of ardennite can be better writ-
ten as A2+

4 (M3+
5 M2+)(T4+

5 T5+)O22(OH)6. And this is some-
what problematic, since in the structure of ardennite the
T4 site is in the Wyckoff position 2(b), and the M3 site
(the one which hosts divalent cations) is in the Wyckoff po-
sition 4(e). Therefore, both divalent and trivalent cations
share the same M3 position, with the ideal occupancy at
that site being M3+

0.5M2+
0.5 for stoichiometric balance. The im-

plications of the octahedral site occupancies (especially at
the M3 site) on the ardennite nomenclature have yet to be
clarified. As a matter of fact, in all known ardennite sam-
ples the dominating M2+ cation [the “charge-compensating
cation”, according to Chopin (2006)] is Mg2+. Therefore,
distinction among different species should be made on the
basis of the dominant cation at the T4 site.

Historical background

The discovery of ardennite [shortly outlined in Lacroix
(1893) and later on summarised by Buttgenbach (1947),
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Fig. 1. Polyhedral labelling in the crystal structure of ardennite (half
unit cell view along [010]). For ardennite-(V) it is: A1, A2 =Mn2+;
M1, M2 = Al; M3 = Al0.5Mg0.5; T1, T2, T3 = Si; T4 = V5+.

who also provided more detail about the original occur-
rence] dates back to the second half of the 19th Cen-
tury, and was the subject of a lively dispute between A.
von Lasaulx and F. Pisani. Both of them ever claimed
the paternity of the mineral. Von Lasaulx (1872a) first de-
scribed the mineral as “mangandisthène”, namely a Mn3+-
substituted kyanite. Soon thereafter, a chemical analysis by
Bettendorff (von Lasaulx, 1872b, 1872c) led to its recog-
nition as a new mineral, which was called ardennite, from
the region of occurrence (the locality was given generically
as “near the village of Ottré”, in the Stavelot Massif, Lux-
embourg Province, Belgian Ardennes); in this analysis a
relatively high content of vanadium oxide was evidenced
(about 6 wt.%), but the data reported were largely incor-
rect: the manganese was considered as trivalent, spurious
elements from the crucible were included and the mineral
was still considered similar to kyanite. The same mineral
was independently described – a week later – by Pisani
(1872) and was called dewalquite after the Belgian geol-
ogist G. Dewalque. Pisani (1872), who reported precisely
the provenance from the village of Salm-Château, at that
time did not succeed in the determination of arsenic, found
a lower content of vanadium than Bettendorff, but recog-
nized the occurrence of manganese as Mn2+, suggesting a
monoclinic symmetry for the crystals.

Early in 1873, von Lasaulx and Bettendorff presented
new analyses of V-bearing ardennite, and its orthorhom-
bic symmetry was assessed by von Rath (von Lasaulx
& Bettendorff, 1873; von Lasaulx, 1873). In these pa-
pers ardennite was described as a vanadate-silicoaluminate
mineral, and the first chemical formula proposed for

ardennite corresponded to a term of pure vanadium:
5(R2O3SiO2.RO.SiO2)+3RO.VO5+5aq. In fact, in the orig-
inal chemical study arsenic was not recognized, whereas
an even higher content of vanadium was detected in the
new analysis, actually corresponding to a value a bit greater
than 1 atom p.f.u.; to correctly read the above formula, it
must be remembered that at that time vanadium (and sim-
ilarly arsenic) was considered as pentavalent with respect
to oxygen, with a double atomic weight in comparison to
the actual one, and thus VO5 corresponds to V2O5 in mod-
ern notation. Unfortunately the original formula proposed
was affected by a mistake in the stoichiometric calcula-
tion concerning Mg, that was underestimated by one order
of magnitude: this can be easily ascertained simply look-
ing at the original calculations reported by von Lasaulx &
Bettendorff (1873).

Pisani (1873) first recognized the presence of arsenic in
ardennite, and this was the first description of an arsenic-
bearing silicate mineral: for that reason, and for the correct
assignment of the valence state of manganese, he claimed
his priority rights in the definition of the new species. Von
Lasaulx (1874) challenged Pisani’s right, and showed that
those analyses corresponded to two varieties of the same
mineral, where As can substitute for V. The first quota-
tion of ardennite in a textbook of mineralogy was made
by Pisani (1875), who reported – of course under the name
dewalquite – a chemical analysis with As > V. Later on
von Lasaulx (1876) and Bettendorff (1877) carried out a
crystallographic and chemical reinvestigation of the min-
eral ardennite, publishing two new complete analyses on
two different crystals, the former light yellow and opaque,
the latter brown and transparent, which turned out to cor-
respond to As-rich and V-rich varieties, respectively. This
time arsenic was found in all the samples, even if in dif-
ferent amounts; some partial analyses of other specimens
were also reported, in which the content in arsenic oxide
was 1.83, 2.31, 2.53, 2.98, and 6.64 wt.%, thus showing
that a large variation in the As/V ratio was possible. Also
Doelter (1921) states that two varieties of ardennite exist.

Actually most of these analyses are doubtful; the first
ones are affected by errors that were partly evidenced al-
ready in the successive papers, but also the last analyses
by Bettendorff (1877) seem questionable, if the data are
critically evaluated in the light of the ardennite crystal-
chemistry: in fact, the range of some cations, specifically
Mg and Mn, is largely outside the acceptable value. But
the most uncertain data are those relative to the arsenic and,
even more, the vanadium contents; this is not strange con-
sidering the difficulty of the wet analysis of these elements
in silicates, well discussed in some descriptions of the an-
alytical work on ardennite, that showed how the final wt.%
of arsenic and vanadium oxide was strongly influenced by
the procedure followed (von Lasaulx & Bettendorff, 1873;
Bettendorff, 1877; Zambonini, 1922). Actually, if we con-
sider the elements which enter the T sites, it appears that
the total, and particularly the sum of As+V, is in defect
in the analyses of As-rich samples, and in large excess in
the V-rich samples, thus confirming the suspect of a sig-
nificant underestimation of arsenic, and overestimation of
vanadium, in all earlier analyses.
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Table 1. Chemical analyses and atomic proportions (recalculated on
the basis of 28 oxygen atoms) taken from old literature for ardennite
(all samples from Salm-Château, Belgium).

Constituent 1 2 3 4
As2O5 9.33 2.76 9.91 4.30
V2O5 0.53 9.2 0.81 4.90
SiO2 27.5 27.84 27.77 28.76

Al2O3 22.76
} 24.22

25.25 24.65
Fe2O3 1.15 0.53 0.08
MgO 1.38 3.01 5.20 2.08
MnO 30.61 26.7 22.70 26.41
CaO 1.83 2.17 1.44 2.56
FeO - - 0.65 0.96
CuO 0.17 - - -
H2O 5.13 5.01 5.24 5.08
Total 100.39 100.91 99.50 99.78

Si4+ 4.91 4.77 4.81 5.01
As5+ 0.87 0.25 0.90 0.39
V5+ 0.06 1.04 0.09 0.56
Al3+ 4.79

} 4.89
5.16 5.06

Fe3+ 0.16 0.07 0.01
Mg2+ 0.37 0.77 1.34 0.54
Cu2+ 0.02 - - -
Fe2+ - - 0.09 0.14
Ca2+ 0.35 0.40 0.27 0.48
Mn2+ 4.63 3.87 3.33 3.89

Σ (A+M+T) 16.16 15.99 16.06 16.08
(OH)− 6.11 5.73 6.06 5.90

O2− 21.89 22.27 21.94 22.10

1, 2. Von Lasaulx (1876) and Bettendorff (1877): sample 1, light
yellow and opaque crystal (As-rich); sample 2, brown and trasparent
crystal (V-rich). Arsenic and vanadium given as AsO5 and VO5, re-
spectively, in the chemical analysis; in analysis 2, Al2O3 and Fe2O3

are weighted together.
3. Prandtl (1905).
4. Gossner & Strunz (1932); average of 2 analyses.

A couple of new analyses on the same Belgian arden-
nite were published in the following years by Prandtl
(1905) and Gossner & Strunz (1932): they showed a
maximum vanadium content much lower with respect to
the early analyses and on this basis, especially consid-
ering the fact that the analysis of Prandtl (1905) cor-
responded to a very As-rich term, Gossner & Strunz
(1932) proposed for the species the following formula:
[SiO4]5[AsO4]Al3Mn[AlOH]2Mn4.2H2O. A selection of
old chemical analyses of ardennite from Salm-Château, to-
gether with the recalculated chemical formulae, is reported
in Table 1.

In the meantime a second occurrence of ardennite had
been discovered near Ceres, Piedmont (Italy), that showed
an extremely low vanadium content (Zambonini, 1922).

As a matter of fact, for a very long time after
the early descriptions, all the recent known chemi-
cal data for ardennite from Salm-Château (Semet &
Moreau, 1965; Reinecke & Hatzipanagiotou, 1987) and
from other localities [Kajlidongri, India (Nayak, 1967);
Bonneval-sur-Arc, French Western Alps (Chopin, 1978;
Reinecke & Hatzipanagiotou, 1987; Pasero & Reinecke,

1991); Asemi-gawa river, Japan (Enami, 1986); Tinos
and Andros islands, Greece (Reinecke & Hatzipanagiotou,
1987; Pasero et al., 1994); Val Sora and Alpe Airale,
Valmalenco, Italy (Bedogné et al., 1993); Varenche mine,
Italy (Pasero et al., 1994)] corresponded to the As-rich
member. Also a chemical analysis on the sample from
Salm-Château used for the structure solution and refine-
ment (Donnay & Allmann, 1968) indicated a V-poor,
As-rich ardennite. And, despite the fact that the very first
description was for a V-rich sample, today ardennite is con-
sidered de facto a silicate-arsenate mineral (cf. Anthony
et al., 1995; Gaines et al., 1997; Strunz & Nickel, 2001).
More recently, other occurrences of V-dominant ardennite
were reported, even if only as microprobe spot analyses:
Sanba-gawa, Japan (Matsubara & Kato, 1987); Bierleux
and Bihain, Ardennes, Belgium; Mili, Evvia Island, Greece
(Pasero et al., 1994). According to the accepted defini-
tion of mineral, As-dominant and V-dominant ardennite are
different species, and deserve two distinct names. Since
ardennite is the worldwide accepted name for the As-
dominant species, we submitted to the IMA CNMNC a
proposal for the definition of the species ardennite-(V)
(# 2005-037), based on a new occurrence from Italy1. Both
the mineral and its name were approved. The name is for
the obvious relationship with ardennite. The present pa-
per represents the official certificate of birth of ardennite-
(V) and fills a gap in the systematics of mixed-anion sil-
icates. Type material is stored in the mineralogical col-
lections of the Centro Interdipartimentale Museo di Storia
Naturale e del Territorio, Università di Pisa, via Roma 103,
56011 Calci (PI), Italy (catalogue No. 15525), and in the
mineralogical collections of Museo Regionale di Scienze
Naturali, via Giolitti 36, 10123 Torino, Italy (catalogue
M/U 15544).

Occurrence

Ardennite-(V) has been identified on a single specimen
of piemontite-bearing micaschist now in the collection of
Museo Regionale di Scienze Naturali, Torino. The historic
provenance of the specimen, with the ardennite-containing
area measuring only a few centimetres, is from the regional
collection of the former Mineralogical Museum of the Uni-
versity of Torino (drawer 509.3); according to the label
[“micascisto a piemontite e ardennite, Sparone (Orco)”],
it has been found within an outcrop in the locality of
Sparone, Locana Valley (TO), Piedmont, Italy. The collec-
tion date is not reported; since that specimen was not yet
known to Gennaro (1925), it was reasonably collected in
the following years, when prof. Repossi, who succeeded
to Zambonini as director of the Mineralogical Institute of

1 It was brought to our attention by one of the referees (IP) that after the ap-
proval of the new mineral name ardennite-(V) – with a Levinson modifier
– all already existing related minerals should be renamed in a similar way,
as it was done, e.g., for pumpellyite, jahnsite, and monazite. Therefore the
mineral ardennite should be renamed ardennite-(As), leaving the name ar-
dennite – without modifier – as a series name. As talked about with E.A.J.
Burke, Chairman of the IMA CNMNC, those changes in nomenclature must
be agreed within the Commission and will be formalized in due time.
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the Royal University of Torino, solicited the continuation
of Zambonini’s work on ardennite- and piemontite-bearing
micaschists. In fact, several ardennite-bearing micaschist
samples from other localities in the Torino province entered
the collection in those years.

The new mineral is of metamorphic origin. It occurs as
acicular crystals, typically very thin, tabular and elongated
along [010], which can reach 1 mm in length and a few mi-
crons in diameter (Fig. 2). Aggregates of crystals parallel
to the elongation are also common. Associated minerals are
quartz, piemontite, and hematite; muscovite is abundant in
the specimen, but not in direct contact with ardennite-(V).
Ardennite-(V) occurs only in one thin quartzitic layer in
the studied specimens, with minor piemontite and very
rare and small hematite crystals; other layers are very rich
in piemontite or, alternatively, in golden-yellow muscovite
and hematite, without any ardennite-(V).

Fig. 2. Backscattered electron image of ardennite-(V) from Sparone
(light grey), associated with quartz (dark grey). Scale bar: 50 µm.

Sparone was not considered so far an important min-
eralogical locality, and its mineralization was never de-
scribed. The geology and the petrographic types of the
Locana Valley were described by Novarese (1894) and
Stella (1894), who carried out the geological survey of
this area in preparation of the new geological map of
Italy; Stella (1894), in particular, reported the occurrence
of piemontite-bearing micaschists in the Sparone area, on
the right side of the Orco river, evidencing their sim-
ilarity with those already known in the Lanzo Valley
(Val Grande di Lanzo). Gennaro (1925), studying the new
occurrences of piemontite and ardennite-bearing micas-
chists near Ceres, at Colle Forcola, and near Viù, in the
Lanzo Valleys, which cut the same zone with fine gneiss
and micaschists as the Locana Valley, commenting the
previous find of piemontite-micaschist by Stella (1894),
agreed on the common origin of these rocks.

Table 2. Chemical data (average of 9 analyses) for ardennite-(V)
from Sparone.

Constituent Wt.% Range Probe Standard
P2O5 0.38 0.11–0.62 Apatite

As2O5 0.37 0.00–1.07 Metallic As
V2O5 4.60 3.75–5.13 Metallic V
SiO2 31.21 30.42–32.82 Diopside
TiO2 0.21 0.13–0.32 Ilmenite

Al2O3 22.60 22.09–23.06 Plagioclase
Fe2O3 1.64 1.38–1.82 Ilmenite
Cr2O3 0.34 0.00–0.85 Chromite
MgO 4.44 3.96–4.71 Olivine

MnO (tot) * 23.28 22.49–24.04 Bustamite
CaO 4.24 3.76–4.84 Diopside
Na2O 0.02 0.00–0.05 Albite

F 0.17 0.00–0.44 Fluorite
H2O (calc) ** 5.70

O = F - 0.07
Total *** 99.24

* Recalculated as MnO 22.33, Mn2O3 1.06 as to fill the A sites with
Mn2+ and the M sites with Mn3+. ** Calculated as to give 28 total
anions per formula unit and an O/OH ratio as to achieve the charge
balance. *** Including H2O (calc), and the recalculated MnO and
Mn2O3 instead of MnO (tot).

Physical and optical properties

Crystals of ardennite-(V) are yellow, transparent with a
white streak, and brittle. The lustre is vitreous; fluorescence
was not observed. The hardness has been estimated as 6−7
(Mohs). No cleavage or parting were observed. Density
was not measured due to the very small dimensions of crys-
tals; the calculated value is 3.55 g/cm3, somewhat lower
with respect to the typical values for As-rich ardennite (e.g.,
3.74 g/cm3 for the sample studied by Donnay & Allmann,
1968).

Optically, ardennite-(V) is biaxial, with α > 1.765(5), β <
1.775(5), and γ = 1.775(5). Dispersion was not observed.
Optical orientation: Z = b. Pleochroism is very weak, with
X, Y = pale yellow; Z = yellowish.

Chemical data

The chemical composition of ardennite-(V) has been ob-
tained with a ARL-SEMQ electron microprobe. Operating
conditions were: WDS mode, 15 kV, 20 nA, beam diameter
1 µm.

The analytical data (wt.% – average of 9 points – and
range of components, and probe standards) are given in Ta-
ble 2.

The chemical data were processed as to give a chem-
ical formula recalculated on the basis of 16 cations and
28 (O+F). The analytical value of MnO(tot) was splitted be-
tween MnO and Mn2O3 in such a way as to fill the A sites
with Mn2+ and the M sites with Mn3+. The O/(OH) ratio
was adjusted as to achieve the charge balance; correspond-
ingly, the wt.% of H2O (calc) was included in the analytical
data.
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Table 3. X-ray powder diffraction pattern for ardennite-(V) from Sparone.

I d (meas) d (calc) hkl
4 4.65 4.64 004
8 4.27 4.26 201
4 3.96 3.96 202

10 3.82 3.82 113
6 3.57 3.57 202

18 3.186 3.185 204
3 3.043 3.049 213

90 2.948 2.950 115
4 2.826 2.832 205
3 2.785 2.785 302

2.784 022
100 2.609 2.612 310

2.609 116
18 2.530 2.528 123

2.527 206
25 2.469 2.471 304

024
2 2.428 2.429 220
1 2.413 2.414 017

38 2.329 2.327 117
37 2.271 2.268 207
4 2.218 2.220 125

14 2.174 2.175 401
35 2.124 2.123 306

2.123 026
13 2.059 2.063 126
55 2.033 2.033 225
2 1.997 1.995 316
1 1.966 1.963 307

I d (meas) d (calc) hkl
3 1.917 1.915 127
3 1.885 1.886 405

1.886 324
1 1.863 1.866 209

30 1.819 1.816 308
1.816 028
1.816 133

12 1.794 1.795 415
3 1.734 1.734 1.1.10
3 1.718 1.717 326
3 1.688 1.688 407
1 1.672 1.671 511

12 1.639 1.639 505
1.639 424

7 1.622 1.622 417
75 1.585 1.584 425
17 1.550 1.547 0.0.12
39 1.525 1.524 426
45 1.477 1.475 2.2.10
23 1.463 1.462 427
10 1.418 1.416 610
3 1.394 1.393 604
5 1.354 1.355 614

1.354 435
12 1.333 1.335 429

1.331 3.1.12
8 1.304 1.305 2.2.12

1.303 4.1.11
15 1.277 1.278 623

The following chemical formula was obtained:
[Mn2+

3.221Ca0.774Na0.006]∑=4.001 [Al4.456Mg1.127 Fe3+
0.210

Mn3+
0.137Cr0.046 Ti0.027]∑=6.003 [Si5.000] [V0.518Si0.315Al0.080

P0.055As0.033]∑=1.001 O21.433 (OH)6.475 F0.092.
The simplified formula is Mn2+

4 [Al4(Mg,Al,Fe3+,
Mn3+)2] [Si5(V,Si)] O22 (OH)6.

The ideal formula has been given with O22(OH)6 anions,
although it should be better rounded to O21(OH)7, as to
have for ardennite-(V) a formula which parallels that of ar-
dennite, Mn4[Al4(AlMg)][Si5As]O22(OH)6. The small dif-
ference in the O/OH ratio is the result of the combined ex-
cess of Si4+ in the place of T5+ cations (in T4) and Mg2+ in
the place of M3+ cations (in M3) with respect to the ideal
values of 0 and 1 a.p.f.u, respectively.

X-ray crystallography

The X-ray powder diffraction pattern for ardennite-(V) was
registered with a Gandolfi camera, R = 57.3 mm, CuKα,
λ = 1.5418 Å (Table 3). The intensities were estimated with
the help of a digitalized pattern. Some ambiguities in the
indexing were solved with the help of a calculated pattern
profile. Our XRPD data match well with those of arden-
nite (JCPDF 41-1391). The following unit-cell parameters
for ardennite-(V) were refined using 35 unambiguously in-
dexed lines: a 8.760(3), b 5.838(2), c 18.56(2) Å.

The single crystal X-ray diffraction study of ardennite-
(V) has been prevented by the exceedingly small dimen-
sion of the crystals, which typically occur as thin fibers
with a diameter of very few micrometers. Moreover fibers
are always intergrown, therefore the manual separation of
a single crystal is made difficult. After several trials, a
very small needle-like crystal was selected, and a long-
exposed (2+2 days) rotation photograph was taken with a
Weissenberg camera. The photograph showed only a pair
of very weak and diffuse spots, which were consistent with
a parameter along the rotation axis of ca. 6 Å. A (h0l) Weis-
senberg photograph was collected (4-day exposure), but it
resulted in a few almost vanishing spots.

The structural features of the ardennite family are well
assessed (Donnay & Allmann, 1968). It is also known that
the structure type of ardennite forms a polytypic series with
sursassite and pumpellyite (Pasero & Reinecke, 1991).

Discussion

Ardennite-(V) which is here described was studied in the
frame of a detailed ongoing survey of ardennite samples
from several Italian occurrences. Chemical analyses which
point to the occurrence of ardennite-(V) were recorded also
at another Italian locality (Varenche mine, St. Barthelemy,
Aosta Valley). Ardennite from this latter locality is long-
time known (Pelloux, 1946; Baldelli et al., 1983), and
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chemical analyses available from literature have As � V
(Pasero et al., 1994).

Several specimens, differing in some cases for the as-
sociated minerals, were field collected by one of the au-
thors (AB) in the mine dump and analysed; in all cases ar-
dennite occurred in quartz veins crosscutting the braunite
ore, one of the occurrences originally described by Pelloux
(1946). Our new chemical data showed a large variability
in composition between specimens, and in some cases also
a marked zoning of the crystals. In particular in one of
the analysed specimens, the millimetric yellow prismatic
crystals of ardennite included in a quartz vein at the con-
tact with massive braunite, observed in backscattered elec-
tron emission, showed that the main mass was correspond-
ing to ardennite-(V), but it was cross-cut by a series of
fractures partially filled by As-rich ardennite, as a conse-
quence of a secondary hydrothermal event. The chemical
formula resulting from a single point analysis of the V-
rich zone is the following: [Mn2+

3.409Ca0.338Mg0.252]∑=3.999

[Al5.013Mg0.77Fe3+
0.154Cr0.043Ti0.013]∑=5.999 [Si5.000] [V0.719

As0.090Si0.074Al0.075P0.042]∑=1.000 O22.012 (OH)5.988. Al-
though the vanadium content is even higher here, we even-
tually preferred to consider Sparone, in the Locana Valley,
as the type locality for ardennite-(V), due to the high ho-
mogeneity of those crystals.

For comparative purposes, during this work, also some
crystals from Salm-Château (Belgium) were investigated;
as in the previous case, the analysis showed a very large
variability in the content of the tetrahedral sites, and the
existence of micro-domains even in submillimetric crys-
tals. It can be remembered that Cesàro (1910) already ob-
served that the ardennite crystals from the type locality
were strongly zoned, as the optical properties were chang-
ing abruptly moving from the centre to the periphery, and
ascribed this phenomenon to a change in composition, and
particularly to a variation in the As/V content. Overall, ac-
cording to the new data on the analysed specimens, and in
the light of both historical and recent literature data, it can
be concluded that a complete solid solution exists between
the vanadium and the arsenic terms.
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