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Abstract. The new mineral bonacinaite (IMA2018-056), Sc(AsO4) q2H2O, was found on the dumps of the
Varenche Mine (Saint-Barthélemy, Nus, Aosta Valley, Italy), an old manganese mine, where it occurs as a low-
temperature hydrothermal mineral associated mainly with quartz, granular braunite, undefined manganese ox-
ides, arseniopleite, manganberzeliite and thortveitite. Bonacinaite forms colourless (with faint to distinct vi-
olet tints), pseudohexagonal, thick tabular crystals, up to 0.25 mm in size, sometimes with annular internal
zones showing violet tinges, or as small, faintly violet lath-shaped crystals. The crystals are transparent and
brittle, with vitreous lustre. The calculated density of an almost pure bonacinaite crystal is 2.82 g cm−3. Opti-
cally, bonacinaite is biaxial negative, α = 1.598(4), β = 1.618(3), and γ = 1.638(3) (measured with a Na light
source, 589 nm); 2V (measured) is large, and 2V (calculated)=−88.9°. The empirical formula, based on six O
atoms per formula unit is (Sc0.90Mn3+

0.08Fe3+
0.01Pb0.01)61.00[(As0.95P0.06)61.01O4] q2H2O. Bonacinaite has

monoclinic symmetry, with space group P21/n and unit-cell parameters (single-crystal data / powder diffrac-
tion data) a = 5.533(1)/5.521(1), b = 10.409(2)/10.336(3), c = 9.036(2)/9.059(4) Å, β = 91.94(3)/91.97(4),
V = 520.1(2)/516.7(3) Å3 and Z = 4. The crystal structure was refined from single-crystal intensity data ob-
tained from a distinctly Al- and P-bearing crystal to R1(F)= 3.7 % for 1178 reflections. Bonacinaite is isotypic
with the other members of the metavariscite group: kolbeckite, metavariscite and phosphosiderite.
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1 Introduction

Scandium is the 23rd most abundant element in the Sun and
similar stars, as well as on lunar soil, but only the 50th most
abundant on Earth. It is the lightest element in the early tran-
sition series and often shows extraordinary behaviour due to
the presence of empty 3d states in a trivalent state in ionic
compounds. The chemical properties of scandium differ sig-
nificantly from those of other transition elements, and this
unique chemistry is currently being exploited for some high-
performance applications. The major application is as an al-
loy with metals like aluminium, magnesium, zirconium, etc.
These alloys find extensive use in sports, military, aircraft
and spacecraft (reduction of weight, which in turn reduces
the fuel consumption and, thus, CO2 emission), solid oxide
fuel cells (SOFCs), mercury vapour lamps, tracing agents in
oil refineries, and nuclear medicine (Borgese, 1993; Sabatini
et al., 2017; Siegfried et al., 2018).

In the Earth’s crust scandium is widely distributed, and
more than 800 minerals normally contain traces of scandium.
Frondel (1968) and Foord et al. (1993) concluded that “scan-
dium in the ferromagnesian minerals apparently substitutes
for iron in sites occupied by either (Fe3+,Al) or (Fe3+,Mg).
Scandium can also form limited solid solution with Y3+, Al,
the heavy lanthanides, Ti4+, Sn4+, Zr4+ and W6+ in cer-
tain geochemical environments”. They also concluded that
“discoveries of new scandium minerals may be expected in
the years to come, as we know that Sc3+ may substitute for
Fe3+ – Al3+ in pyroxenes and amphiboles in Sc-rich envi-
ronment”. However, presently only 22 minerals with Sc as an
essential element are recognised as valid species by the IMA
Commission on New Minerals, Nomenclature and Classifi-
cation (CNMNC), and 5 (22.7 %) of these are found only in
meteorites as refractory phases among the very first solids
forming in the solar system. Eleven Sc minerals are silicates,
six are oxides and four are phosphates. Among the latter, kol-
beckite, Sc3+(PO4) q2H2O, has a high scandium content but
does not occur in any larger deposits.

Bonacinaite, Sc3+(AsO4) q2H2O (pronunciation: bo-na-
chee-na-ait; Russian ; abbreviation Bci;
Warr, 2021) is a new mineral species approved by the
CNMNC (IMA2018-056) and the first known Sc-arsenate
mineral. It was found on the dumps of the abandoned
Varenche Mine (45°47′25′′ N, 7°28′55′′ E), Les Fabriques,
Saint-Barthélemy, Nus, in the Italian region of Valle d’Aosta
(Aosta Valley) (Barresi et al., 2005, 2007a; Cámara et al.,
2018); no other occurrence is currently known.

The name honours Enrico Bonacina (1928–2024), the
“dean” photographer of microminerals in Italy (and perhaps
in Europe), known everywhere in this field by collectors as
“Maestro Bonacina”. Mr. Bonacina was a passionate stu-
dent of biology, astronomy and sciences in general and a re-
searcher and collector of minerals, who co-authored papers
on systematic and regional mineralogy. In the early 1970s,
dissatisfied with the results of mineral photography with mi-

croscopes through the tools of that time, and thanks to his
personal work experience in optical lenses, he built special
equipment with which he obtained excellent results. From
then on, he never stopped providing tens of thousands of
photographs to magazines, collector friends, university pro-
fessors and researchers, who were able to take advantage of
excellent photographic documentation (which naturally had
a qualitative turnaround with the advent of digital micropho-
tography), always free of charge.

The naming aims, at the same time, to valorise and high-
light the important contribution of mineral photographers to
systematic and descriptive mineralogy.

The type material, which comprises a probe mount and a
rock chip, is deposited in the Mineralogical Collection of the
Museum of the Earth Sciences Department of the University
of Milan, Italy (catalogue number MCMGPG-H2018-001).
The crystal used for the crystal-structure determination and a
micromount-sized specimen with a few tiny crystals are de-
posited in the collection of the Natural History Museum, Vi-
enna, Austria (catalogue number O 571). The crystal used for
optical measurements is mounted on a spindle stage and de-
posited in the Mineralogical Collection of the Laboratory of
Mineralogy, University of Liège, Belgium (catalogue num-
ber 21180).

2 Occurrences

The mineral, first found in 2005 by two of the authors
(Giorgio Maria Bortolozzi and Marco E. Ciriotti) in almost
colourless (with faint violet tints), tabular, pseudohexago-
nal micro-crystals, was preliminarily identified as a poten-
tial new species by SEM-EDS and micro-Raman analy-
sis through the AMI (Associazione Micromineralogica Ital-
iana) unknown service identification (Marco E. Ciriotti and
Roberto Bracco), and nearly all crystals found were subse-
quently used for the complete characterisation of bonaci-
naite. A few specimens were also found inside the dumps
by one of the authors (Roberto Bracco). In later times, some
stockier, purple-blue crystals of bonacinaite were found by
the skilled field collector Francesco Vanini.

Bonacinaite occurs very rarely (about a dozen samples in
total) in the dumps of the Varenche Mine, an abandoned
old manganese mine (45°47′25′′ N, 7°28′55′′ E) in the val-
ley (vallone) of Saint-Barthélemy (orographic right of the
homonymous stream), Nus, Aosta Valley, Italy. The mine is
close to the better-known manganese Prabornaz Mine, on the
opposite side of the river Dora Baltea, in the Saint-Marcel
valley.

The Varenche Mine consists of (1) an upper tunnel, ap-
proximately 2 km long, the only one from which quartz-rich
manganese ore was extracted during the mine’s period of ac-
tivity (from 1415 to the early 1900s) and sent to the glass in-
dustry to be used as a bleaching agent; (2) a mineralogically
sterile lower tunnel, less than 100 m long; and (3) dumps to
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the right and left (Fig. 1) of the first ∼ 250 m of the foot-
path, which reaches the hamlet of Lignan in about 30 min.
Presently, all tunnels are closed by gates.

Pelloux (1922) reported that the deposit was composed
of a bank of jasper, with a maximum thickness of about
2 m, in which manganese ore layers and lenses were in-
terleaved: shiny black braunite, smaller quantities of spes-
sartine, piemontite, rhodochrosite, Mn-bearing siderite, “ar-
dennite” and “alurgite” (a Mn3+-bearing red-pink variety of
muscovite-2M1). The exploited ore formed a bench about
1 m thick and consisted of braunite, spotted by spessartine
stains and thin veins. It is associated with quartzites belong-
ing to the calc-schist and the greenstone assemblage of the
Piedmont complex of the Western Alps. The ore formed in a
submarine environment by exhalative hydrothermal activity
related to ophiolitic volcanism and subsequently was recrys-
tallised and deformed during the Alpine orogeny. Baldelli et
al. (1983) report evidence of Alpine metamorphism in the
ore-bearing quartzites of Varenche, with some relics of high-
pressure metamorphism in a dominant context of low-grade
equilibration.

Barresi et al. (2005) report up to 61 mineral species in the
dumps of the Varenche Mine. They also report the identifi-
cation, by means of SEM-EDS data and a crystal-structure
refinement, of an unnamed scandium arsenate analogue of
metavariscite (= bonacinaite) which forms very small (0.05–
0.25 mm) transparent, pseudohexagonal crystals with a vio-
let tint in a small void with associated braunite, quartz, al-
bite and corroded crystal aggregates of arseniopleite. Min-
erals associated with bonacinaite within the void itself are
quartz, granular braunite, undefined manganese oxides, arse-
niopleite, manganberzeliite and thortveitite.

The Varenche Mine is also the source of further
rare and scientifically interesting mineral species. Bonazzi
et al. (1996) identified an intermediate member of the
piemontite–androsite series that suggests the existence of
a continuous solid solution between the two minerals, in-
cluding the later approved manganiandrosite-(Ce). Barresi et
al. (2007b) recognised the occurrence of ardennite-(V), pre-
viously studied by Pasero et al. (1994). Oberti et al. (2017)
worked on a specimen from the Varenche Mine for the
crystal–chemical characterisation of the grandfathered end-
member magnesio-riebeckite, and Bonino et al. (2023) docu-
ment the occurrences of the two manganese oxalate hydrates
falottaite and lindbergite. Currently (2024), the total number
of valid mineral species found in the Varenche Mine dumps
is 75.

3 Appearance and properties

Bonacinaite occurs as colourless (with faint to distinct violet
tints, attributed to trace contents of Mn3+), pseudohexago-
nal, thick tabular, transparent crystals, up to 0.25 mm in size
(Barresi et al., 2005), sometimes with annular internal zones

showing violet tints or as small faintly violet laths (Figs. 2–
3). The crystals show a vitreous lustre and are brittle. Only
about a dozen small specimens, each with a very small (max.
10) number of crystals, are known.

The habit of bonacinaite crystals is either thick tabular,
pseudohexagonal or lath-shaped, with forms {001}, {010}
and {110}. The pseudohexagonal crystal used for the struc-
ture determination is thick tabular on {001} according to in-
dexing on a single-crystal diffractometer; a combination of
(010) and (010) with (110), (110), (110) and (110) produces
the pseudohexagonal outline (Fig. 3). Twinning was not ob-
served. The a : b : c ratio calculated from the single-crystal
unit-cell parameters is 0.532 : 1 : 0.874.

Optically, bonacinaite is biaxial negative, α = 1.598(4),
β = 1.618(3), and γ = 1.638(3) (measured with a Na light
source, 589 nm); 2V (measured) is large, and 2V (calcu-
lated)=−88.9°. We could not observe a suitable interference
figure, but considering the agreement with chemistry (see
Gladstone–Dale compatibility index below) we rely on the
refraction index measurements. The mineral is pleochroic,
X is colourless to light grey, Y is light violet and Z is light
violet. Dispersion was not observed. The optical orientation
could not be determined.

The streak is white, and no fluorescence, in either short-
wave (254 nm) or long-wave (366 nm) ultraviolet light, was
observed. Cleavage, parting and fracture were not observed.
Mohs hardness was not measured; by analogy with other
members of the metavariscite group it is estimated to be in
the range 3.5–4.

The density was not measured due to size, scarcity
and close association with other mineral phases, but
it was calculated as 2.82 g cm−3 using the empiri-
cal formula and 2.63 g cm−3 from the single-crystal
structure refinement of an Al- and P-bearing crystal,
(Sc0.807Al0.193)(As0.767P0.233)O4

q2H2O (specimen O 571).

4 Chemical composition

Quantitative chemical analysis (eight points) was done with
a Jeol JXA-8200 electron probe microanalyser, at the Earth
Science Department of the University of Milan (ESD-UMI)
(WDS mode, 15 kV, 5 nA, 5 µm beam diameter). F and S
were analysed but found to be below detection limits. EDS
spectra showed the absence of any further element heavier
than Na. The presence of H2O was confirmed by Raman
spectroscopy and the crystal-structure determination. Analyt-
ical results are given in Table 1.

The mineral grain analysed showed high beam sensitiv-
ity and high porosity that yielded low totals, although stoi-
chiometry is in perfect agreement with the crystal-structure
data. The empirical formula (based on 6 O atoms pfu) is
(Sc0.90Mn3+

0.08Fe3+
0.01Pb0.01)61.00[(As0.95P0.06)61.01O4]q2H2O. The ideal formula is Sc(AsO4) q2H2O, which re-

quires (wt %) Sc2O3 31.45, As2O5 52.20, and H2O 16.35,
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Figure 1. Partial view of the dump of the Varenche Mine, November 2014. Picture: Franco Luca Bonino.

Table 1. Chemical–analytical data (wt %) for bonacinaite.

Constituent Mean Range SD Normalised Probe standard

As2O5 44.24 42.69–45.19 0.81 49.37 Realgar
P2O5 1.59 1.34–1.94 0.27 1.78 Synthetic YPO4
Sc2O3 25.04 24.27–25.82 0.48 27.94 Synthetic ScPO4
Fe2O3 0.25 0.08–0.54 0.14 0.28 Fayalite
Mn2O3 2.53 1.87–3.89 0.65 2.82 Rhodonite
PbO 1.36 1.10–1.60 0.20 1.51 Galena
K2Oa 0.77 0.45–1.12 0.23 K-feldspar
H2Ob 14.60 14.20–14.85 0.21 16.29

Total 89.60 86.71–90.52 1.31 100.00

a K2O content is a K-feldspar contamination. b Assuming 2H2O per formula unit (pfu).

with a total of 100.00. The Gladstone–Dale compatibility 1
− (Kp/Kc) equals 0.013 (superior).

5 X-ray diffraction and crystal structure

A euhedral single crystal of bonacinaite
(0.06× 0.07× 0.10 mm; Fig. 3), with uniform extinc-
tion and free of inclusions under a transmitted-light
polarising microscope, was used. A full sphere of X-ray
diffraction intensity data up to 2θ = 60.22° was collected at
room temperature at the Institut für Mineralogie und Kristal-

lographie, Universität Wien, with a Nonius KappaCCD
single-crystal X-ray diffractometer equipped with a CCD
area detector and using monochromatised Mo-Kα radiation
(50 kV, 30 mA). Standard processing (Rint = 0.0243) gave
the following crystal data: monoclinic, space group P21/n,
a = 5.533(1), b = 10.409(2), c = 9.036(2) Å, β = 91.94(3),
V = 520.1(2) Å3 and Z = 4. The structure was refined
to R1 = 0.0367 on the basis of 1178 unique reflections
[F > 4σ (F )] out of a total of 1470. The atomic arrangement
of bonacinaite is constituted of ScO4(H2O)2 octahedra
linked through (AsO4) tetrahedra into a three-dimensional
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Figure 2. Bonacinaite as a group of two lath-shaped light violet
and eight dark purple-blue crystals in a very small void of a quartz–
braunite matrix. Field of view: 0.3 mm. Picture: Giorgio Maria Bor-
tolozzi.

Figure 3. Thick tabular, pseudohexagonal bonacinaite crystal
(0.06× 0.07× 0.10 mm; used for the crystal-structure determina-
tion; catalogue number O 571) with a violet annular zone (a pale-
yellow tint is due to high-vacuum grease coating the crystal’s sur-
face). Picture: Harald Schillhammer.

framework (Fig. 4). Hydrogen atoms bonded to H2O groups
show strong hydrogen bonding (O–H· · ·O= 2.64–2.81 Å).
Further details of the crystal structure of bonacinaite were
already discussed in Kolitsch et al. (2020), including a
comparison with other natural and synthetic members of the
metavariscite and variscite groups.

Table 2. X-ray powder diffraction data for bonacinaite.

Iobs. dobs. (Å) Icalc. dcalc. (Å) hkl

15 6.812 33 6.821 0 1 1
11 5.171 36 5.205 0 2 0
100 4.865 90 4.883 1 1 0

7 4.789 1 0 1
18 4.638 18 4.646 1 0 1
32 4.525 100 4.515 0 0 2

16 4.509 0 2 1
8 4.341 15 4.350 1 1 1
33 3.771 44 3.790 1 2 0

12 3.366 1 1 2
43 2.924 65 2.939 1 2 2

32 2.939 1 3 0
16 2.862 30 2.891 0 1 3

22 2.870 1 2 2
3 2.800 6 2.810 1 3 1
31 2.759 9 2.780 1 3 1
94 2.665 22 2.682 1 0 3

26 2.672 2 1 0
8 2.609 10 2.607 1 0 3

6 2.606 0 2 3
6 2.580 2 1 1
16 2.534 7 2.540 2 1 1
5 2.479 8 2.484 1 3 2
4 2.435 6 2.443 1 3 2
3 2.391 6 2.394 2 0 2
8 2.333 5 2.355 1 0 4

5 2.340 2 2 1
7 2.266 8 2.273 0 3 3
3 2.118 6 2.122 1 3 3
7 1.866 8 1.869 2 2 3
3 1.785 5 1.789 2 2 3
36 1.733 13 1.737 3 2 0

8 1.734 1 0 5
4 1.655 6 1.663 2 5 0
3 1.431 5 1.431 2 2 5

X-ray powder diffraction data were obtained from a mul-
tiple grain. The dataset was collected at the XRD1 beamline
at the Elettra synchrotron radiation facility, Basovizza, Tri-
este, Italy, using a wavelength of λ= 0.68880 Å and a PI-
LATUS 2M area detector. Observed interplanar spacings and
intensities of indexed reflections using Highscore (Degen et
al., 2014) and d(I ) values calculated using Vesta (Momma
and Izumi, 2011) are reported in Table 2. Unit-cell param-
eters refined using GSAS (Larson and Von Dreele, 1994)
are as follows: a = 5.521(1), b = 10.336(3), c = 9.059(4) Å,
β = 91.97(4) and V = 516.7(3) Å3.

6 Raman spectroscopy

The micro-Raman spectrum of bonacinaite was obtained at
the Dipartimento di Scienze della Terra (Università degli
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Figure 4. Polyhedral representation of the crystal structure of
bonacinaite: violet – Sc, green – As, red – oxygen and grey – hy-
drogen. Displacement ellipsoids are drawn at the 80 % probability
level. Hydrogen bonds are shown as dashed grey lines. Figure drawn
with Vesta 3.0 (Momma and Izumi, 2011).

Studi di Torino) using a micro/macro Jobin Yvon LabRam
HRVIS, equipped with a motorised x–y stage and an Olym-
pus microscope. The backscattered Raman signal was col-
lected with a 50× objective, and the spectrum was obtained
from a randomly oriented crystal. The 632.8 nm line of a He–
Ne laser was used as excitation; laser power was controlled
by means of a series of density filters. The minimum lateral
and depth resolution was set to a few micrometres. The sys-
tem was calibrated using the 520.6 cm−1 Raman band of sili-
con before each experimental session. Spectra were collected
with multiple acquisitions (two to six) with single count-
ing times ranging between 20 and 180 s. The spectra were
recorded from 200 to 4000 cm−1 using the LabSpec 5 pro-
gram (Fig. 5).

Comparing the Raman spectrum of bonacinaite with the
spectra of other members of the metavariscite group (Klo-
progge and Wood, 2017; see also Knops-Gerrits et al., 2000;
Frost et al., 2004; Sergeeva, 2016; Fritsch et al., 2017), the
spectrum shows a strong band at 912 cm−1 that can be in-
terpreted as the asymmetric stretching vibration of the arse-
nate anion. There is another strong band at 834 cm−1, with a
shoulder at 844 cm−1 (arsenate symmetric stretching mode),
a band at 441 cm−1 (antisymmetric bending υ4 of AsO4),
and a lower-intensity band at 363 and 327 cm−1 (symmet-
ric bending υ2 of AsO4). Lattice modes are present in the
range below 320 cm−1 (311 and 174 cm−1), which have also
been observed in scorodite (Kloprogge and Wood, 2017).
A weak band at around 1009 cm−1 can be interpreted as
the antisymmetric stretching mode υ3(F2) of PO4 groups,
which are present in a low amount (see Table 1). At around
1651 cm−1 a weak band shows the presence of H2O groups
(H2O bending modes). A broad band composed of three
peaks at ∼ 3000, ∼ 3079 and ∼ 3200 cm−1 corresponds to
the OH stretching mode in H2O groups, with similar values
observed in Raman spectra of scorodite at 3080–3082 cm−1

(Kloprogge and Wood, 2017). The sharp band at 3513–
3575 cm−1 observed in scorodite, mansfieldite, variscite and
phosphosiderite (Kloprogge and Wood, 2017) has not been
observed and probably indicates that in bonacinaite all the H
atoms are involved in shorter H· · ·O interactions; however,
an orientation effect cannot be excluded.

7 Discussion

7.1 Origin of bonacinaite

In the Varenche deposit the arsenosilicate ardennite-(As),
the vanadosilicate ardennite-(V), and the arsenates arsenio-
pleite, conichalcite, manganberzeliite, sarkinite, tilasite and
wallkilldellite are not so rare, while the only identified phos-
phates are the uncommon hydroxylapatite and pyromorphite.
The presence of scandium in the deposit is reflected by the
localised occurrence of a fair amount of blue thortveitite,
closely associated with arseniopleite, in a small, very dan-
gerous (collapsed roof and walls) humid section of the upper
tunnel, difficult to reach without adequate equipment. In con-
trast, thortveitite is rare in the dump. Evidently, the smallness
of the thortveitite-containing area in the tunnel is the reason
that thortveitite and arseniopleite are only rarely found in the
dump, as is the even rarer bonacinaite.

Tentatively, we can infer that bonacinaite is a low-
temperature hydrothermal phase whose primary sources of
Sc and As may have been thortveitite and arseniopleite
and/or manganberzeliite, respectively, which are typically as-
sociated with it.

7.2 Relation to other species and the metavariscite
group

Bonacinaite is identical to UM2005-02-AsO:AlHMgPScSi
in the system of codification for unnamed minerals (Smith
and Nickel, 2007) and updated IMA lists (2023) of un-
named minerals; this phase was first described as the un-
named As analogue of metavariscite from the Varenche Mine
(Barresi et al., 2005). Bonacinaite represents the As ana-
logue of kolbeckite (ScPO4

q2H2O) and, along with phos-
phosiderite (Fe3+PO4

q2H2O), belongs to the metavariscite
(AlPO4

q2H2O) group. Synthetic metavariscite-type com-
pounds, currently unknown as minerals, are VPO4

q2H2O
(Schindler et al., 1995), GaPO4

q2H2O (Mooney-Slater,
1961, 1966) and InPO4

q2H2O (Sugiyama et al., 1999; Tang
et al., 2002). No metal(II) selenate representatives are known,
unlike the situation in the variscite group (Kolitsch et al.,
2020).

The crystal structure of bonacinaite is related to that
of the variscite group (orthorhombic, space group Pbca),
which comprises the phosphates variscite (AlPO4

q2H2O)
and strengite (Fe3+PO4

q2H2O) and the arsenates mans-
fieldite (AlAsO4

q2H2O), scorodite (Fe3+AsO4
q2H2O) and

yanomamite (In3+AsO4
q2H2O). Synthetic arsenate repre-
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Figure 5. Bonacinaite micro-Raman spectrum in the range 100–2500 cm−1. In the top right box, the range 2000–3500 cm−1 is shown.

sentatives are GaAsO4
q2H2O (Dick, 1997; Le Berre et al.,

2007; Spencer et al., 2015) and Tl3+AsO4
q2H2O, as well as

Cr3+AsO4
q2H2O (Kolitsch et al., 2020). The structural re-

lationship between the two groups of compounds has been
discussed by Moore (1966), Loiseau et al. (1998), Taxer and
Bartl (2004), and Kolitsch et al. (2020).

Bonacinaite is the first scandium arsenate mineral with
metavariscite structure. As observed for other members of
the metavariscite group, bonacinaite shows somewhat high
equivalent displacement parameters for the O5 site, display-
ing a probable slight positional disorder of this H2O group,
an observation which might be explained by the mixed occu-
pancy of the octahedrally and tetrahedrally coordinated sites
(Al- and P-bearing specimen O 571).

Although bonacinaite has long been known as a syn-
thetic compound (Carron et al., 1958; Ivanov-Emin et al.,
1971; Komissarova et al., 1971, 1973), its crystal structure
had never been determined. Komissarova et al. (1971) re-
ported a pseudo-orthorhombic unit cell with a = 5.64(5),
b = 10.47(1), c = 9.36(1) Å, β ∼ 90 and V ∼ 553 Å3, which
roughly agrees with our data, although, as expected, these
unit-cell parameters are larger than those of the Al- and P-
bearing specimen O 571.

The hexagonal (P 31c) parascorodite (Fe3+AsO4
q2H2O)

also has some crystal–chemical relation to bonacinaite, al-
though the structure topology is completely different.

7.3 Metavariscite group

The metavariscite group includes isotypic monoclinic arsen-
ates and phosphates with the general formula AXO4

q2H2O,
where A denotes a trivalent cation (Sc3+, Fe3+, Al3+, In3+,
Ga3+) and X is P5+ or As5+. Each PO4 or AsO4 tetrahedron
shares four vertices with fourAO4(H2O)2 octahedra and vice
versa, forming a three-dimensional network of polyhedra.
A possible disordered distribution of the water molecule in
the channel along the c axis is suggested by literature data.
The phosphate members are also dimorphous with the cor-
responding phosphate members of the orthorhombic (Pbca)
variscite group. The crystal chemistry of metavariscite-type
materials has been largely investigated for the biological and
geochemical importance of phosphorous and arsenic, and
studies have revealed interesting microporous and absorp-
tion properties (Tang et al., 2002; Huang and Shenker, 2004;
O’Day, 2006; Sergeeva, 2016).

The phosphate analogue of bonacinaite and kolbeckite,
ideally Sc3+(PO4) q2H2O (Edelmann, 1926; Bull et al.,
2003; Yang et al., 2007), previously called “eggonite” and
“sterrettite”, is a rare secondary mineral of phosphate de-
posits and some hydrothermal veins.

Phosphosiderite, Fe3+(PO4) q2H2O (Bruhns and Busz,
1890; Moore, 1966; Fanfani and Zanazzi, 1966; Song et al.,
2002; Taxer and Bart, 2004), previously named “clinobarran-
dite”, “clinostrengite” and “metastrengite”, is an alteration
product of triphylite and/or similar compounds in granitic
pegmatites and a replacement of bones and shells in soils. It
is isotypic with kolbeckite and metavariscite and represents
the monoclinic (P 21/n) dimorph of orthorhombic strengite
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Table 3. Comparison of miscellaneous data for bonacinaite and the other metavariscite-group minerals.

Mineral Bonacinaite Kolbeckite Phosphosiderite Metavariscite

Ideal formula Sc3+(AsO4) q2H2O Sc3+(PO4) q2H2O Fe3+(PO4) q2H2O Al3+(PO4) q2H2O
Space group P21/n P21/n P21/n P21/n
a (Å) 5.533(1) 5.4258(4) 5.30 5.178(2)
b 10.409(2) 10.2027(8) 9.77 9.514(2)
c 9.306(2) 8.9074(7) 8.73 8.454(2)
β (°) 91.94(3) 90.502(5) 90.36 90.35(2)
Z 4 4 4 4
Dcalc. (g cm−3) 2.82 2.35 2.72 2.535
Strongest reflections 4.865 (100) 5.100 (30) 4.912 (35) 6.325 (25)

in the X-ray powder 4.525 (32) 4.780 (100) 4.689 (100) 4.758 (100)
diffraction data, 3.771 (34) 4.440 (100) 4.363 (75) 4.552 (75)
d in Å (I ) 2.924 (44) 3.708 (40) 3.610 (50) 4.227 (65)

2.759 (31) 2.878 (70) 2.787 (85) 3.503 (60)
2.665 (94) 2.849 (50) 2.572 (40) 2.705 (95)

Optical class, sign biaxial (−) biaxial (−) biaxial (−) biaxial (+)
α (590 nm) 1.598(4) 1.574 1.692–1.703 1.551
β 1.618(3) 1.590 1.725–1.728 1.558
γ 1.638(3) 1.600 1.738–1.739 1.582
2Vmeas (°) large 60(10) 62–66 55
2Vcalc (°) 88.9 76 63.2–66.3 57.5
Reference This study Yang et al. (2004)a Moore (1966)b Kniep and Mootz (1973)

a See also Bull et al. (2003). b See also Fanfani and Zanazzi (1966) and Song et al. (2002).

(Pbca), which is isotypic with the more common arsenate
scorodite (FeAsO4

q2H2O). As-bearing phosphosiderite is
known as both synthetic and natural phases (e.g. 3 wt %–
9 wt % As2O5 from Atacama, Chile; Gritsenko et al., 2022).

Metavariscite, Al(PO4) wt %2H2O (Larsen and Schaller,
1925; Borensztajn, 1966; Kniep and Mootz, 1973), pre-
viously known as “peganite”, is a non-common phase
in phosphate-rich veins in sedimentary phosphates and
guano deposits. It is isotypic with kolbeckite and phospho-
siderite and represents the monoclinic dimorph of variscite-
1O and -2O (Ardit et al., 2022). Zoned phosphosiderite–
metavariscite crystals were recorded in a phosphate-rich
granitic pegmatite at Mina do Eduardo, Conselheiro Pena,
Minas Gerais, Brazil (Lamoso and Atencio, 2017).

Comparative data for bonacinaite, kolbeckite, phospho-
siderite and metavariscite are listed in Table 3.

Data availability. Crystallographic data for bonacinaite and its
PXRD pattern are available in the Supplement of Kolitsch et
al. (2020) at https://doi.org/10.1180/mgm.2020.57.
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