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Abstract

Two silesiaite crystals, one from Szklarska Poręba, Poland (type locality), and the other from Häiviäntien, Finland, were studied with
electron-probe microanalysis, Raman spectroscopy and single-crystal X-ray diffraction. The crystals have the following compositions
normalised to 13 O2– + 1 (OH)– anions: Ca2.001(2)[(Sn1.105(6)Zr0.009(1))Σ1.114(Fe

3+
0.523(78)Sc0.185(62)Al0.070(14))Σ0.779(Fe

2+
0.065(12)Mn2+0.041(5)

Mg0.003(3))Σ0.110]Σ2.003(Si3.997(2)O13OH), and Ca2.006(8)[(Sn1.110(18)Ti0.006(3))Σ1.107(Fe
3+
0.648(50)Al0.063(11))Σ0.710(Fe

2+
0.140(30)Mn2+0.011(3)Mg0.005(2))

Σ0.155(Nb0.020(6)Ta0.011(3))Σ0.040]Σ2.009(Si3.991(14)O13OH), respectively. The structure of the crystals was refined in the triclinic system
with unconventional space-group symmetry C1 to R1 = 2.02% and 3.56%, respectively. The unit cells were found to be a =
10.0080(2), b = 8.3622(1), c = 13.2994(2) Å, α = 89.987(1), β = 109.095(2), γ = 89.978(1)° and V = 1051.77(3) Å3 for silesiaite
from Szklarska Poręba, and a = 9.9985(3), b = 8.3446(2), c = 13.2760(4) Å, α = 89.986(3), β = 109.122(2), γ = 90.020(2)° and V =
1046.55(5) Å3 for silesiaite from Häiviäntien. In both crystals, the Ca sites are occupied solely by calcium and Si sites by silicon
atoms. Optimised occupancies of the four M sites indicated slightly different site fillings. In the Szklarska Poręba silesiaite, the
M1 site is predominantly occupied by trivalent Fe + Sc and the M2–M4 sites by Sn. In contrast, in the Häiviäntien silesiaite, the
M1–M3 sites are Sn-dominant, while Fe3+ predominantly occupies the M4 site. The differences can be considered a result of an
evolution of the M1–M4 site occupancies following a decrease of the <M–O> distance. Among the minerals of the kristiansenite
group, Sc-free silesiaite from the Häiviäntien pegmatite has the smallest average radius of M-site cations and a unit-cell volume that
increases proportionally to the (Fe2+ ± Sc) content. The hydrogen atoms form moderate hydrogen bonds between disilicate groups
(Si2O7 and Si2O6OH) linked in rows along [101], indicating the presence of one hydroxyl in the formula calculated for Z = 4. All
three kristiansenite-group species, i.e. silesiaite, kozłowskiite and kristiansenite, are isostructural.
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Introduction

Kristiansenite, Ca2ScSn(Si2O7)(Si2O6OH), silesiaite, Ca2Fe
3+Sn(Si2O7)

(Si2O6OH) and kozłowskiite, Ca4Fe
2+Sn3(Si2O7)2(Si2O6OH)2, are

three isostructural sorosilicate minerals that contain both protonated
and normal disilicate anions. Kristiansenite was first found in an
amazonite pegmatite at Heftetjern, Tørdal, Telemark, Norway, and
described by Raade et al. (2002). Its crystal structure was refined by
Ferraris et al. (2001) in the triclinic system with the unconventional
space group C1.

Silesiaite, ideally Ca2Fe
3+Sn(Si2O7)(Si2O6OH), defined as a fer-

ric analogue of kristiansenite, ideally Ca2ScSn(Si2O7)(Si2O6OH),

was approved by the Commission on New Minerals,
Nomenclature and Classification (CNMNC) of the International
Mineralogical Association based on an intergrowth of two oscilla-
tory zoned kristiansenite–silesiaite crystals, ∼300 μm long, col-
lected in a granitic pegmatite exposed in the Szklarska Poręba
quarry, ∼80 km southwest of Wrocław, Karkonosze granite mas-
sif, Lower Silesia, Poland (Pieczka et al., 2017). In the crystals,
silesiaite occurred in the form of Fe-dominant bands, usually
reaching only a few micrometres in thickness (Fig. 1a) and, there-
fore, making it practically impossible to manually extract material
suitable for X-ray single-crystal measurements. The intergrowth
was the only kristiansenite–silesiaite specimen found and stored
in our collection until 2017 (see below). The unsuccessful extrac-
tion of suitable single-crystal fragments forced the search for bet-
ter material for structural studies. Consequently, the surface of the
sample was ground down by some tens of micrometres and this
revealed the presence of several intensely zoned kristiansenite–
silesiaite crystals suitable for single-crystal extraction using the
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focused ion beam (FIB) method. However, this delayed preparing
the required documentation of this new mineral.

Until 2021 we were unaware that a similar sample had been
collected in 1995 in Åland, Finland, by the mineral collector
Ulf Nyberg (1948–2021). At that time the preliminary analyses
(using scanning electron microscopy and energy dispersive spec-
troscopy) of the material gave no indication of Sc but only Fe3+;
therefore the crystals were considered a probable Fe3+-analogue
of kristiansenite, potentially a new mineral (U. Nyberg, pers.
comm. to RK). Unfortunately, further investigation was put

aside until 2017, when one of the authors (RK) obtained a few
samples from Ulf Nyberg. Their true identity was quickly verified
with electron-probe microanalysis by Dr. D. Nishio-Hamane
(Institute of Solid State Physics, University of Tokyo). Around
that time, the mineral from Szklarska Poręba in Poland was
approved as the new mineral silesiaite (symbol Ssa) by the
CNMNC (IMA2017-064, Pieczka et al., 2017). The mineral
from Finland appeared to be identical to the type silesiaite from
Poland. The interchange of information between RK and AP in
2021 resulted in a collaboration leading to the investigation of

Fig. 1. (a–f) Representative BSE images of zoned kristiansenite–silesiaite crystals from Szklarska Poręba (holotype # SP5). The narrow frame in figure (b) indicates
the place of extraction of a single crystal for structural studies. Mineral name abbreviations: Kse – kristiansenite, Kzw – kozłowskiite, Ssa –silesiaite (Warr, 2021).
White inclusions are cassiterite or fersmite.
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Sc-free silesiaite from Finland simultaneously with the work on
type silesiaite from Szklarska Poręba. Additionally, in material
from the Szklarska Poręba quarry, a thin core band with an atyp-
ically high Sn-content was recognised and approved by the
CNMNC as a new mineral kozłowskiite (IMA2021-081, Pieczka
et al., 2022a, 2022b). The holotype silesiaite, also containing
type kozłowskiite, is deposited as specimen SP5 in the collection
of the Mineralogical Museum of the University of Wrocław, cata-
logue number MMUWr IV7929 (University of Wrocław, Faculty
of Earth Science and Environmental Management, Institute of
Geological Sciences, Mineralogical Museum, Poland). The thin
section with the Finland silesiaite is stored in the Geological
Museum, University of Oslo, Norway, catalogue number 44418.

As a result of the studies, compositional and structural data
were completed for the holotype silesiaite from Szklarska
Poręba in Poland, and for Sc-free silesiaite from Finland, along
with additional data required by the CNMNC for a type speci-
men. This paper presents these new data on the minerals forming
the kristiansenite group.

Geological setting

The Polish occurrence of kristiansenite with kozłowskiite and sile-
siaite is related to pegmatites of the Karkonosze granite, mainly a
biotite-bearing porphyritic to equigranular and subordinate two-
mica and granophyre granite (Berg, 1923; Borkowska, 1966). The
granite massif is the largest Variscan pluton in the Western
Sudetes at the north-eastern margin of the Bohemian Massif. A
brief description of the granite is given in Pieczka et al.
(2022b). All the three minerals were found in the same pegmatite
specimen collected by AP around 2002 in the Szklarska Poręba
Huta quarry (50.82778°N, 15.48944°E) in Lower Silesia, SW
Poland; currently the only place in the Polish part of the massif
where the granite is exploited. In this quarry, lenses and nests
of NYF-type pegmatites, up to several tens of centimetres across,
are relatively frequent in coarse-grained granite. Small
pegmatite nests, only a few centimetres across, and mineralised
quartz–feldspar veinlets in fine-crystalline aplogranite are usually
overprinted by hydrothermal (W, Sn, Mo and Bi)-bearing min-
eralisation also related to the granite intrusion (Karwowski
et al., 1973; Kozłowski et al., 1975; Olszyński et al., 1976;
Pieczka and Gołębiowska, 2012). Silesiaite, similarly to kristianse-
nite and kozłowskiite, was found in an ore-mineralised pegmatite
specimen related to the aplogranite. All these minerals of the kris-
tiansenite group present in the locality have a hydrothermal ori-
gin, and their crystallisation was conditioned most probably by
varying incorporation of Sc3+, Fe2+, Fe3+ and Sn4+ into the grow-
ing crystals. In the holotype specimen from Szklarska Poręba, sile-
siaite is accompanied by kristiansenite, kozłowskiite, quartz,
albite, andradite, allanite-(Ce), zircon, cassiterite, Sn-bearing
titanite, malayaite, fergusonite-(Y), Sc-bearing columbite, clino-
chlore, bismuthinite, chalcopyrite and pyrite.

In Finland, silesiaite was collected in 1995 by Ulf Nyberg in the
Häiviäntien pegmatite (Häiviä quarry), in Forssa, Kanta-Häme
proper (60.79222°N, 23.62528°E), in the southwestern part of
Finland, ca. 100 km northwest of Helsinki. The pegmatite is
located in the Ostrobothia schist belt, which is in the Vaasa mig-
matite complex and part of the central Finland granitoid complex,
and part of the Paleoproterozoic, 1.90–1.87 Ga Svecofennian
accretionary arc complex of central and western Finland. With
a few exceptions, the rare-element granitic pegmatites of this
region belong to the LCT petrogenetic family; most of them are

beryl pegmatites of the beryl–columbite subtype (Alviola et al.,
2001). Based on the description of the locality available on the
mindat.org website (https://mindat.org/loc-206068.html), ∼50
valid minerals occur in the quarry, although the inventory is
dominated by common pegmatite minerals, sulfides, some B-
and Be-minerals such as beryl, bavenite, milarite and bertrandite,
whereas elbaite, dravite and datolite are subordinate.

Appearance and physical properties

The Szklarska Poręba silesiaite forms thin bands in mixed kristian-
senite–silesiaite crystals with maximum sizes of ∼350 × 100 μm
(Fig. 1). In back-scattered electron images (BSE), the crystals are
highly inhomogeneous, typically showing a silesiaite core with a
fine net of parallel compositional zones and, less frequently,
small irregular patches. The cores are overgrown by a rim com-
posed of numerous thin alternating Sc-dominant and Fe-dominant
bands of oscillatory zoning, with individual thicknesses ranging
from 1 to a maximum of 10 μm. In the outermost zones, kristian-
senite predominates, forming relatively homogeneous areas 10–
40 μm in thickness. Type silesiaite has a Mohs hardness of ∼6
by analogy to kristiansenite. No cleavage, parting, tenacity or frac-
ture were observed. Density and optical properties were not mea-
sured due to the extremely small amount of the mineral. Density
calculated on the basis of the empirical formula and refined
unit-cell volume is 3.737 g⋅cm–3. Silesiaite is biaxial, with a mean
refractive index of ∼1.727 calculated from the Gladstone–Dale
relation (Mandarino, 1979, 1981) using the empirical formula
and calculated density. The value is comparable with the type kris-
tiansenite mean refractive index of 1.74 (Raade et al., 2002).

The Häiviäntien silesiaite occurs as colourless to rarely
greenish-grey, transparent tapering single crystals or intergrowths,
up to 1.5 mm in length, grown in small pegmatite voids, in which
it can be associated with spessartine, epidote, pumpellyite-Fe and
bavenite (Fig. 2). They show the typical diagonal striation on the
surface, similar to the kristiansenite crystals from Norway (Raade
et al., 2002). Although the studied samples of the pegmatite had
no visible crystals, when examined in polished sections, several
tapering crystals to ∼50 μm in size were observed and analysed
(Fig. 2b,c). Almost all of these were devoid of Sc. Crystals of the
mineral are highly homogeneous, and no oscillatory zoning is vis-
ible in BSE images. Surprisingly, the only ∼100 μm long inclusion
of a kristiansenite-like phase found in a Mn-bearing calciomicro-
lite (6.92 wt.% CaO and 8.43 wt.% MnO; 5.18 at.% Ca versus
4.99 at.% Mn) intergrown with cassiterite was determined to be
a (Ta, Nb)-bearing kristiansenite (4.27 wt.% Sc2O3, 2.04 wt.%
Ta2O5, 0.91 wt.% Nb2O5). The grain is associated additionally
with stokesite and a highly (Ta, Nb, Sn, Fe, Al)-substituted titanite
evolving towards żabińskiite (Fig. 2d). Kristiansenite and stokesite
are both new species for Finland.

Composition of silesiaite

Both silesiaite crystals were analysed at the Inter-Institute
Analytical Complex for Minerals and Synthetic Substances at
the University of Warsaw, Poland, using a Cameca SX 100 elec-
tron microprobe operating in wavelength-dispersive X-ray spec-
trometry mode (WDS) with an accelerating voltage of 15 kV, a
beam current of 20 nA, peak count time of 20 s, background
time of 10 s, and a beam diameter of 2 μm (number of analyses
n = 3 for silesiaite from Szklarska Poręba and 8 for silesiaite
from the Häiviäntien pegmatite). Reference materials, analytical

Mineralogical Magazine 273

Downloaded from http://pubs.geoscienceworld.org/minmag/article-pdf/87/2/271/5850222/s0026461x23000051a.pdf
by University of Arizona user
on 22 June 2023

https://mindat.org/loc-206068.html
https://mindat.org/loc-206068.html


lines, diffracting crystals and mean detection limits (element
wt.%) were as follows: albite – Na (TAP, Kα, 0.02); diopside –
Mg (TAP, Kα, 0.02), Si (TAP, Kα, 0.03) and Ca (PET, Kα,
0.04); orthoclase – Al (TAP, Kα, 0.03); rutile – Ti (PET, Kα,
0.09); rhodonite – Mn (LIF, Kα, 0.12); hematite – Fe (LIF, Kα,
0.12); LiNbO3 – Nb (PET, Lα, 0.10); LiTaO3 – Ta (TAP, Mα,
0.10); cassiterite – Sn (LPET, Lα, 0.07); zircon – Zr (LPET, Lα,
0.07); and pure Sc – Sc (LPET, Kα, 0.02). The contents of Na
were found to be below the detection limits. The raw data were
reduced with the PAP routine of Pouchou and Pichoir (1991).
The H2O content was not analysed due to the scarcity of the
material. It was calculated for one hydrogen atom, found from
the difference-Fourier map during the crystal-structure analysis,
which participates in the formation of one hydroxyl group in
the formula calculated for Z = 4. Therefore, the empirical formu-
lae of the studied silesiaites were normalised based on the kris-
tiansenite stoichiometry to 13 O atoms + 1 (OH) group with a
Fe3+/Fetotal ratio matching the contents of all cations to 8 atoms
per formula unit (apfu). Analytical data of both crystals are
given in Table 1.

The empirical formula of type Szklarska Poręba silesiaite pre-
sented in the form of valence groups of octahedral cations is:

Fig. 2. Silesiaite and kristiansenite from the Häiviäntien pegmatite: (a) a crystal of silesiaite, ∼0.7 mm in size, in a void formed by quartz and spessartine, (b–c) BSE
images of silesiaite from the pegmatite, (d) inclusions of (Nb, Ta)-bearing kristiansenite in a calciomicrolite intergrown with cassiterite, stokesite and titanite.
Mineral name abbreviations: Bvn – bavenite, Cst – cassiterite, Kse – kristiansenite, Qz – quartz, Sks – stokesite, Sps – spessartine, Ssa – silesiaite and Ttn – titanite
(Warr, 2021); Cmic – a calciomicrolite.

Table 1. Chemical compositions of the studied silesiaite crystals (wt.%).

Szklarska Poręba Häiviäntien
Reference
materialConstituent Mean Range S.D. Mean Range S.D.

Nb2O5 b.d.l. 0.44 0.22–0.65 0.13 LiNbO3

Ta2O5 b.d.l. 0.41 0.23–0.51 0.09 LiTaO3

SiO2 40.00 39.92–40.07 0.07 39.59 39.02–39.86 0.27 diopside
TiO2 b.d.l. 0.09 0.03–0.16 0.04 rutile
ZrO2 0.19 0.17–0.22 0.03 b.d.l. zircon
SnO2 27.72 27.63–27.84 0.11 27.37 26.83–27.91 0.38 cassiterite
Al2O3 0.60 0.50–0.74 0.12 0.53 0.38–0.70 0.09 orthoclase
Sc2O3 2.12 1.31–2.63 0.71 b.d.l. Sc (pure)
Fe2O3 * 6.96 6.34–8.17 1.05 8.53 7.61–9.42 0.69 hematite
FeO * 0.78 0.67–0.94 0.14 1.66 1.25–2.18 0.35
MnO 0.49 0.43–0.55 0.06 0.12 0.08–0.16 0.03 rhodonite
CaO 18.69 18.64–18.72 0.05 18.56 18.48–18.69 0.08 diopside
MgO 0.02 b.d.l.–0.05 0.02 0.03 b.d.l.–0.04 0.01 diopside
H2O(calc.) 1.50 1.49
Total 99.07 98.82

S.D. – standard deviation; b.d.l. – below detection limit.
*Total Fe measured as Fe2O3 was equal to 7.82 wt.% (range: 7.11–8.97 wt.%; S.D.: 1.00 wt.%)
in the Szklarska Poręba crystal, and 10.38 wt.% (range: 9.93–10.82 wt.%, S.D. 0.34 wt.%) in
the Häiviäntien silesiaite. The presented Fe2O3 and FeO contents are calculated on the basis
of the kristiansenite stoichiometry.
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Ca2.001(2)[(Sn1.105(6)Zr0.009(1))Σ1.114(Fe
3+
0.523(78)Sc0.185(62)Al0.070(14))Σ0.779

(Fe2+0.065(12)Mn2+0.041(5)Mg0.003(3))Σ0.110]Σ2.003(Si3.997(2)O13OH) (num-
bers in parentheses are standard uncertainties). It suggests that
the Ca and Si sites should be solely occupied by Ca and Si
atoms, respectively, and the highest compositional differentiation
takes place at the octahedral M sites. The excess of tetravalent
M-site cations above 1 apfu is equal to the content of divalent
occupants at the sites within the empirical accuracies. This corro-
borates that the two compositional variables are coupled by the
substitution 2M3+ =M2+ +M4+, still more pronounced in
kozłowskiite (Pieczka et al., 2022b).

The Häiviäntien silesiaite has the following empirical formula:
Ca2.006(8)[(Sn1.110(18)Ti0.006(3))Σ1.107(Fe

3+
0.648(50)Al0.063(11))Σ0.710

(Fe2+0.140(30)Mn2+0.011(3)Mg0.005(2))Σ0.155(Nb0.020(6)Ta0.011(3))Σ0.040]Σ2.009
(Si3.991(14)O13OH). The formula is similar to that typical for the
type specimen in terms of the Ca- and Si-site occupancies, however
it differs in the M-site population. The absence of Sc needs special
attention because the element is a common constituent in
kristiansenite-group minerals known from other occurrences
(Raade et al., 2002; Guastoni and Pezzotta, 2004; Prado-Herrero
et al., 2009; Výravský et al., 2017), although Cepedal et al.
(2021) described recently similar Sc-free silesiaite from skarns of
El Valle-Boinás, Asturias, Spain. In BSE images, the Häiviäntien

silesiaite seems to be texturally homogeneous because the two
main constituents, Sn and Fe, fill the M sites up to ∼95%. The
M sites in the Szklarska Poręba silesiaite are filled with Sn and
Fe only up to ∼85%, while in the kristiansenite bands it is only
up to ∼60%, which in consequence made the Szklarska Poręba
crystals distinctly zoned. The content of tetravalent M-site cations
differs slightly from that of the divalent cations in the Finland crys-
tals, however, the acceptance of the aforementioned coupled substi-
tution indicates that a small surplus of divalent cations (∼0.039
apfu) could be related to the content of Nb5+ and Ta5+ (0.031
apfu) by another coupled substitution M4+ +M3+ = (Nb, Ta)5+ +
(Fe, Mn, Mg)2+. In consequence, the simplified formula of sile-
siaite, presented as the smallest formal unit, is Ca2[(Fe

3+,Sc)1–
2xFe

2+
xSn1+x)]Σ2(Si2O7)(Si2O6OH), where x≤ 0.25. The ideal for-

mula of the mineral is Ca2(Fe
3+Sn)(Si2O7)(Si2O6OH), which

requires (in wt.%): CaO 18.94, Fe2O3 13.49, SnO2 25.46, SiO2

40.59 and H2O 1.52.
In the classification of Strunz and Nickel (2001), silesiaite

belongs, along with kristiansenite and kozłowskiite, to class
09.BC, i.e. sorosilicates with Si2O7 groups, without non-
tetrahedral anions, cations in octahedral and higher coordination.
In the classification of Dana (Gaines et al., 1997), it belongs to
class 56.02, i.e. sorosilicate Si2O7 groups and O, OH, F and

Fig. 3. Raman spectra of silesiaite from Szklarska Poręba (Ssa; magenta) and from Häiviäntien (Ssa; green) compared to the spectrum of kristiansenite (Kse; black;
RRUFF database R090022, https://rruff.info/) and kozłowskiite (Kzw; blue).
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H2O, with cations in [4] and/or >[4] coordinations (group 04:
cuspidine–wöhlerite).

Raman spectroscopy

Raman spectra of silesiaite were collected in back-scattered geom-
etry with a Horiba Labram HR spectrometer integrated with an
Olympus BX 41 confocal microscope. The system was calibrated
using the Rayleigh line. The spectra were recorded in the range
of 50–4000 cm–1 using the 532 nm line of a solid-state Nd-YAG
laser (10 mW), and 1800 grating on randomly oriented sections
of the studied crystals mounted in epoxy resin. The specimens
were used previously for electron microprobe analysis, and later
homogeneous parts of them were extracted for the X-ray diffraction
measurements. Prior to the Raman measurements, the carbon coat-
ing of the discs was removed. The Raman measurements were
carried-out by an accumulation of two scans, each with an acqui-
sition time of 600 s at a microscope magnification of 100×, with
a minimum lateral and depth resolution of ∼1 μm, and an esti-
mated analytical spot size of ∼5 μm.

In the range of O–H stretching modes of Raman shift of 2500–
4000 cm–1, the spectra are effectively masked by superimposed
luminescence and reveal no distinct absorption. Very low-intense

absorption bands at ∼2880, 2930 and 3070 cm–1 could be
assigned to hydroxyl groups participating in the formation of
moderate hydrogen bonds with parameters discussed below.
However, as mentioned by Raade et al. (2002), C–H stretching
modes of organic impurities can also appear in the Raman shift
range of 2700–3000 cm–1, and they are most probably responsible
for the range absorption. We also assign them to absorption by
epoxy resin, used in the specimen preparation.

In the range of 50–1200 cm–1, the spectra of both silesiaites,
from Szklarska Poręba (Fig. 3, Ssa magenta) and from
Häiviäntien (Fig. 3, Ssa green), are close to those of kristiansenite
(Fig. 3, Kse black) and kozłowskiite (Fig. 3, Kzw blue), which con-
firms that the three minerals (kristiansenite, silesiaite and
kozłowskiite) share a common structure type (Pieczka et al.,
2022b). The spectrum of Szklarska Poręba silesiaite contains the
following bands at Raman shifts (in cm–1; b = broad; m =medium;
s = strong; w = weak): 1042 (w), 979 (m, b), 961 (m, b) correspond-
ing to asymmetric Si–O stretching vibrations; 933 (m, b) and
840 (w) related to symmetric Si–O stretches; 734 (m), 591 (s),
543 (s), 522 (w), 491 (s), 449 (b), 429 (w) to ν4 Si–O modes; and
368 (s), 344 (m), 289 (m), 257 (m), 230 (m), 199 (s), 177 (s) and
83(m) cm–1 to Si–O bending and lattice motions. Similar bands
were observed in the Raman spectrum of the Häiviäntien silesiaite:

Table 2. Crystal data, intensity measurement conditions and structure refinement details for the silesiaite crystals selected from Szklarska Poręba and from
Häiviäntien.

Szklarska Poręba Häiviäntien

Crystal data
Ideal formula Ca4(Fe

3+Sn)2(Si2O7)2(Si2O6OH)2 Ca4(Fe
3+Sn)2(Si2O7)2(Si2O6OH)2

Refined formula Ca4(Fe2.01Sn1.99)(Si2O7)2(Si2O6OH)2 Ca4(Fe1.99Sn2.01)(Si2O7)2(Si2O6OH)2
Crystal dimensions (mm) 0.033 × 0.026 × 0.003 0.055 × 0.017 × 0.009
Crystal system, space group Triclinic (pseudomonoclinic), C1 Triclinic (pseudomonoclinic), C1
Temperature (K) 292.99(10) 296.99(10)
a, b, c (Å) 10.0080(2), 8.3622(1), 13.2994(2) 9.9985(3), 8.3446(2), 13.2760(4)
α, β, γ (°) 89.987(1), 109.095(2), 89.978(1) 89.986(3), 109.122(2), 90.020(2)
V (Å3) 1051.77(3) 1046.55(5)
Z 2 2
Calculated density (g cm–3) 3.737 3.761
μ (mm–1) 5.272 5.311
Data collection
Crystal description plate, colourless plate, colourless
Instrument XtalLAB Synergy-S (Rigaku - Oxford Diffraction) four-circle

diffractometer with a mirror monochromator
XtalLAB Synergy-S (Rigaku - Oxford Diffraction) four-circle

diffractometer with a mirror monochromator
Radiation type, wavelength (Å) MoKα, 0.71073 MoKα, 0.71073
Number of frames 2850 frames in 22 runs 3786 frames in 35 runs
θ range (°) 3.242 to 29.992 3.248 to 29.000
Absorption correction CrysAlisPro 1.171.40.84a (Rigaku Oxford Diffraction, 2020)* CrysAlisPro 1.171.41.93a (Rigaku Oxford Diffraction, 2020)*
Transmission factors: Tmin, Tmax 0.75663, 1.00000 0.74899, 1.00000
No. of measured, independent and
observed [I >2σ(I )] reflections

22828, 5918, 5077 28534, 5510, 4747

Rint 0.0272 0.0665
Data completeness (%) 99.1 99.9
Indices range of h, k, l –14≤ h≤ 13, –11≤ k ≤ 11, –18≤ l≤ 18 –13≤ h≤ 13, –11≤ k≤ 11, –18≤ l≤ 18
Refinement
Refinement method Full-matrix least-squares on F2 Full-matrix least-squares on F2

Number of reflections, parameters,
restraints

5918, 276, 7 5510, 276, 7

R1 [I > 2σ(I )], R1(all) 0.0202, 0.0272 0.0356, 0.0452
wR2 [I > 2σ(I )], wR2(all) 0.0395, 0.0408 0.0819, 0.0851
GoF 0.999 1.050
No. of refined parameters 276 276
Weighting scheme: A, B 0.0147, 0.0000 0.0324, 4.5896
Δρmax, Δρmin, rms (e– Å–3) 0.63, –0.55, 0.11 1.15, –0.73, 0.16

*Empirical absorption correction using spherical harmonics, implemented in SCALE3 ABSPACK scaling algorithm. Empirical correction (ABSPACK) includes absorption correction using
spherical harmonics and Frame scaling.
Rint = Σ|Fo

2-Fo
2
(mean)|/Σ[Fo

2]; GoF = S = {Σ[w(Fo
2–Fc

2)2]/(n–p+r)}½; R1 = Σ||Fo|-|Fc||/Σ|Fo|; wR2 = {Σ[w(Fo
2–Fc

2)2]/Σ[w(Fo
2)2]}½; w = 1/[σ2(Fo

2) + (AP)2 + BP], where P is [2Fc
2 + Fo

2)]/3
rms – root mean square
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Table 3. Atomic coordinates, occupancy, equivalent/isotropic and anisotropic displacement parameters (Å2) for non-hydrogen atoms for silesiaite from Szklarska Poręba, Poland.

Site Atom Occupancy x/a y/b z/c Ueq/Uiso* U11 U22 U33 U23 U13 U12

Ca1 Ca 1 0.3988(2) 0.1476(3) 0.88436(17) 0.01574(13) 0.0101(3) 0.0085(2) 0.0249(3) –0.0004(2) 0.0007(2) 0.00014(19)
Ca2 Ca 1 0.6007(2) 0.1464(3) 0.61599(18) 0.01604(14) 0.0094(3) 0.0083(2) 0.0263(3) 0.0010(2) 0.0002(2) 0.00045(19)
Ca3 Ca 1 0.6014(2) 0.8489(3) 0.11568(17) 0.01574(13) 0.0101(3) 0.0085(2) 0.0249(3) –0.0004(2) 0.0007(2) 0.00014(19)
Ca4 Ca 1 0.3992(2) 0.8480(3) 0.38966(17) 0.01604(14) 0.0094(3) 0.0083(2) 0.0263(3) 0.0010(2) 0.0002(2) 0.00045(19)
M1 Sn,Fe Sn0.275(4)Fe0.725(4) 0.14608(11) 0.23414(13) 0.64246(6) 0.00597(8) 0.00714(13) 0.00641(13) 0.00378(13) –0.00041(8) 0.00100(9) 0.00223(8)
M2 Sn,Fe Sn0.570(4)Fe0.430(4) 0.85690(8) 0.23395(9) 0.86056(5) 0.00563(8) 0.00659(12) 0.00617(11) 0.00369(11) 0.00109(7) 0.00111(8) –0.00146(7)
M3 Sn,Fe Sn0.580(4)Fe0.420(4) 0.85815(8) 0.76085(10) 0.36252(5) 0.00597(8) 0.00714(13) 0.00641(13) 0.00378(13) –0.00041(8) 0.00100(9) 0.00223(8)
M4 Sn,Fe Sn0.566(4)Fe0.434(4) 0.14323(7) 0.76247(9) 0.14019(4) 0.00563(8) 0.00659(12) 0.00617(11) 0.00369(11) 0.00109(7) 0.00111(8) –0.00146(7)
Si11 Si 1 0.1664(3) 0.4213(4) 0.86739(19) 0.00617(14) 0.0062(3) 0.0057(3) 0.0070(3) –0.0001(2) 0.0026(2) –0.0002(2)
Si12 Si 1 0.3730(3) 0.5297(4) 1.07082(19) 0.00684(14) 0.0066(3) 0.0070(3) 0.0068(3) 0.0006(2) 0.0021(2) –0.0004(2)
O11 O 1 0.1888(9) 0.2779(10) 0.7966(6) 0.0088(4) 0.0107(9) 0.0081(9) 0.0078(8) –0.0010(6) 0.0032(7) 0.0003(7)
O12 O 1 0.1747(8) 0.5968(9) 0.8178(5) 0.0101(4) 0.0109(9) 0.0087(8) 0.0099(8) 0.0019(6) 0.0021(7) –0.0009(6)
O13 O 1 0.0235(8) 0.4042(10) 0.9002(5) 0.0092(4) 0.0081(9) 0.0087(8) 0.0117(8) –0.0003(6) 0.0046(7) –0.0006(7)
O14 O 1 0.3030(7) 0.4014(9) 0.9782(4) 0.0092(4) 0.0088(9) 0.0075(9) 0.0092(8) –0.0002(6) –0.0001(7) –0.0005(7)
O15 O 1 0.2560(9) 0.5685(9) 1.1277(5) 0.0097(4) 0.0092(9) 0.0084(9) 0.0133(9) 0.0022(7) 0.0061(7) 0.0016(7)
O16 O 1 0.4119(8) 0.6868(9) 1.0177(5) 0.0095(4) 0.0093(9) 0.0092(8) 0.0100(8) 0.0010(7) 0.0032(7) –0.0018(7)
O17 O 1 0.5161(8) 0.4517(9) 1.1534(5) 0.0107(4) 0.0113(9) 0.0133(9) 0.0073(8) 0.0004(7) 0.0028(7) 0.0024(7)
H17 H 1 0.495(4) 0.435(6) 1.2106(19) 0.013*
Si21 Si 1 0.8350(3) 0.4230(4) 0.63473(19) 0.00604(14) 0.0060(3) 0.0059(3) 0.0067(3) 0.0007(2) 0.0027(2) 0.0004(2)
Si22 Si 1 0.6282(3) 0.5302(4) 0.43159(19) 0.00698(14) 0.0068(3) 0.0079(3) 0.0064(3) 0.0004(2) 0.0024(3) 0.0009(2)
O21 O 1 0.8281(8) 0.5959(9) 0.6869(5) 0.0104(4) 0.0128(9) 0.0084(8) 0.0096(9) 0.0000(6) 0.0030(7) 0.0011(7)
O22 O 1 0.8113(8) 0.2749(10) 0.7066(5) 0.0086(4) 0.0103(10) 0.0077(8) 0.0082(8) 0.0020(6) 0.0035(7) –0.0009(7)
O23 O 1 0.9778(8) 0.4000(10) 0.6029(5) 0.0093(4) 0.0082(9) 0.0091(9) 0.0116(8) 0.0008(7) 0.0044(7) 0.0010(7)
O24 O 1 0.6987(7) 0.3993(9) 0.5270(5) 0.0097(4) 0.0091(9) 0.0090(8) 0.0090(8) 0.0005(6) 0.0000(7) 0.0013(6)
O25 O 1 0.7446(9) 0.5661(10) 0.3753(5) 0.0102(4) 0.0098(9) 0.0090(8) 0.0133(8) 0.0004(7) 0.0058(7) 0.0001(7)
O26 O 1 0.5888(8) 0.6901(9) 0.4857(5) 0.0096(4) 0.0102(9) 0.0092(9) 0.0093(8) –0.0004(6) 0.0032(7) 0.0017(7)
O27 O 1 0.4870(8) 0.4523(9) 0.3476(5) 0.0107(4) 0.0101(9) 0.0142(9) 0.0073(8) 0.0004(7) 0.0021(7) –0.0022(7)
Si31 Si 1 0.8351(3) 0.5749(4) 0.13484(19) 0.00617(14) 0.0062(3) 0.0057(3) 0.0070(3) –0.0001(2) 0.0026(2) –0.0002(2)
Si32 Si 1 0.6281(3) 0.4656(4) –0.06950(19) 0.00684(14) 0.0066(3) 0.0070(3) 0.0068(3) 0.0006(2) 0.0021(2) –0.0004(2)
O31 O 1 0.8152(9) 0.7222(10) 0.2084(5) 0.0088(4) 0.0107(9) 0.0081(9) 0.0078(8) –0.0010(6) 0.0032(7) 0.0003(7)
O32 O 1 0.8258(8) 0.3986(9) 0.1847(5) 0.0101(4) 0.0109(9) 0.0087(8) 0.0099(8) 0.0019(6) 0.0021(7) –0.0009(6)
O33 O 1 0.9771(8) 0.5945(10) 0.1023(5) 0.0092(4) 0.0081(9) 0.0087(8) 0.0117(8) –0.0003(6) 0.0046(7) –0.0006(7)
O34 O 1 0.6990(7) 0.6002(9) 0.0261(4) 0.0092(4) 0.0088(9) 0.0075(9) 0.0092(8) –0.0002(6) –0.0001(7) –0.0005(7)
O35 O 1 0.7452(9) 0.4333(9) –0.1243(5) 0.0097(4) 0.0092(9) 0.0084(9) 0.0133(9) 0.0022(7) 0.0061(7) 0.0016(7)
O36 O 1 0.5862(8) 0.3049(9) –0.0170(5) 0.0095(4) 0.0093(9) 0.0092(8) 0.0100(8) 0.0010(7) 0.0032(7) –0.0018(7)
O37 O 1 0.4868(8) 0.5446(9) –0.1537(5) 0.0107(4) 0.0113(9) 0.0133(9) 0.0073(8) 0.0004(7) 0.0028(7) 0.0024(7)
Si41 Si 1 0.1658(3) 0.5751(4) 0.36708(19) 0.00604(14) 0.0060(3) 0.0059(3) 0.0067(3) 0.0007(2) 0.0027(2) 0.0004(2)
Si42 Si 1 0.3722(3) 0.4649(4) 0.57080(19) 0.00698(14) 0.0068(3) 0.0079(3) 0.0064(3) 0.0004(2) 0.0024(3) 0.0009(2)
O41 O 1 0.1761(8) 0.3981(9) 0.3189(5) 0.0104(4) 0.0128(9) 0.0084(8) 0.0096(9) 0.0000(6) 0.0030(7) 0.0011(7)
O42 O 1 0.1858(8) 0.7194(9) 0.2947(5) 0.0086(4) 0.0103(10) 0.0077(8) 0.0082(8) 0.0020(6) 0.0035(7) –0.0009(7)
O43 O 1 0.0249(8) 0.5896(10) 0.4012(5) 0.0093(4) 0.0082(9) 0.0091(9) 0.0116(8) 0.0008(7) 0.0044(7) 0.0010(7)
O44 O 1 0.3028(7) 0.5982(9) 0.4777(5) 0.0097(4) 0.0091(9) 0.0090(8) 0.0090(8) 0.0005(6) 0.0000(7) 0.0013(6)
O45 O 1 0.2556(9) 0.4324(10) 0.6269(5) 0.0102(4) 0.0098(9) 0.0090(8) 0.0133(8) 0.0004(7) 0.0058(7) 0.0001(7)
O46 O 1 0.4147(8) 0.3095(9) 0.5190(5) 0.0096(4) 0.0102(9) 0.0092(9) 0.0093(8) –0.0004(6) 0.0032(7) 0.0017(7)
O47 O 1 0.5156(8) 0.5441(10) 0.6553(5) 0.0107(4) 0.0101(9) 0.0142(9) 0.0073(8) 0.0004(7) 0.0021(7) –0.0022(7)
H47 H 1 0.500(4) 0.544(6) 0.7156(16) 0.013*
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Table 4. Atomic coordinates, occupancy, equivalent/isotropic and anisotropic displacement parameters (Å2) for non-hydrogen atoms for silesiaite from Häiviäntien, Finland.

Site Atom Occupancy x/a y/b z/c Ueq/Uiso* U11 U22 U33 U23 U13 U12

Ca1 Ca 1 0.3958(3) 0.1498(3) 0.8899(3) 0.0215(3) 0.0151(5) 0.0150(5) 0.0287(6) –0.0014(4) –0.0008(4) –0.0007(4)
Ca2 Ca 1 0.5986(3) 0.1478(3) 0.6166(3) 0.0216(3) 0.0150(5) 0.0152(5) 0.0287(6) 0.0005(4) –0.0009(4) –0.0003(4)
Ca3 Ca 1 0.5983(3) 0.8507(3) 0.1166(3) 0.0215(3) 0.0151(5) 0.0150(5) 0.0287(6) –0.0014(4) –0.0008(4) –0.0007(4)
Ca4 Ca 1 0.3958(3) 0.8480(3) 0.3868(3) 0.0216(3) 0.0150(5) 0.0152(5) 0.0287(6) 0.0005(4) –0.0009(4) –0.0003(4)
M1 Sn,Fe Sn0.394(7)Fe0.606(7) 0.14314(13) 0.23642(12) 0.64161(8) 0.01194(16) 0.0123(2) 0.0138(2) 0.0074(2) –0.00137(14) –0.00001(16) 0.00085(14)
M2 Sn,Fe Sn0.705(8)Fe0.295(8) 0.85537(10) 0.23427(10) 0.86199(7) 0.01189(17) 0.0124(3) 0.0137(3) 0.0072(2) 0.00026(14) –0.00007(16) –0.00227(15)
M3 Sn,Fe Sn0.676(7)Fe0.324(7) 0.85549(10) 0.76375(9) 0.36178(7) 0.01194(16) 0.0123(2) 0.0138(2) 0.0074(2) –0.00137(14) –0.00001(16) 0.00085(14)
M4 Sn,Fe Sn0.233(7)Fe0.767(7) 0.14397(16) 0.76014(15) 0.14177(10) 0.01189(17) 0.0124(3) 0.0137(3) 0.0072(2) 0.00026(14) –0.00007(16) –0.00227(15)
Si11 Si 1 0.1639(4) 0.4224(4) 0.8680(3) 0.0119(3) 0.0110(6) 0.0127(6) 0.0105(6) –0.0011(4) 0.0014(5) –0.0013(4)
Si12 Si 1 0.3697(4) 0.5309(4) 1.0711(3) 0.0127(3) 0.0122(7) 0.0145(6) 0.0094(6) –0.0002(4) 0.0010(5) –0.0010(4)
O11 O 1 0.1817(10) 0.2768(12) 0.7917(7) 0.0138(7) 0.0147(19) 0.0161(16) 0.0084(17) –0.0018(12) 0.0011(14) 0.0011(13)
O12 O 1 0.1708(11) 0.5994(11) 0.8161(8) 0.0156(7) 0.0151(18) 0.0154(16) 0.0134(16) 0.0007(12) 0.0009(13) –0.0022(12)
O13 O 1 0.0193(11) 0.4058(11) 0.8990(8) 0.0145(7) 0.0129(17) 0.0153(16) 0.0143(17) –0.0010(12) 0.0031(13) –0.0001(12)
O14 O 1 0.3017(11) 0.4005(11) 0.9781(7) 0.0159(7) 0.0168(18) 0.0164(16) 0.0106(16) 0.0000(12) –0.0008(13) 0.0005(12)
O15 O 1 0.2550(12) 0.5669(12) 1.1290(8) 0.0157(7) 0.0140(18) 0.0158(16) 0.0158(17) 0.0013(12) 0.0030(14) 0.0012(12)
O16 O 1 0.4129(11) 0.6896(12) 1.0224(7) 0.0139(7) 0.0142(18) 0.0165(16) 0.0082(18) –0.0006(13) 0.0000(14) –0.0040(12)
O17 O 1 0.5148(11) 0.4532(12) 1.1566(8) 0.0152(7) 0.0150(18) 0.0200(17) 0.0085(16) –0.0018(12) 0.0010(13) 0.0005(12)
H17 H 1 0.494(5) 0.445(11) 1.215(3) 0.018*
Si21 Si 1 0.8328(4) 0.4237(4) 0.6355(3) 0.0120(3) 0.0118(6) 0.0127(6) 0.0096(6) 0.0001(4) 0.0011(5) 0.0002(4)
Si22 Si 1 0.6248(4) 0.5324(4) 0.4325(3) 0.0125(3) 0.0119(7) 0.0146(6) 0.0092(6) –0.0003(4) 0.0010(5) –0.0004(4)
O21 O 1 0.8252(11) 0.5990(11) 0.6887(8) 0.0153(7) 0.0155(18) 0.0158(16) 0.0114(18) –0.0017(12) 0.0002(14) 0.0001(12)
O22 O 1 0.8140(11) 0.2777(12) 0.7123(8) 0.0138(7) 0.0159(18) 0.0143(15) 0.0095(17) 0.0010(12) 0.0017(14) –0.0013(12)
O23 O 1 0.9749(11) 0.4044(11) 0.6050(8) 0.0145(7) 0.0134(17) 0.0153(16) 0.0147(17) 0.0002(12) 0.0047(14) 0.0002(12)
O24 O 1 0.6963(10) 0.3991(11) 0.5266(7) 0.0151(7) 0.0158(18) 0.0160(15) 0.0089(15) –0.0011(11) –0.0019(13) –0.0003(12)
O25 O 1 0.7426(11) 0.5660(11) 0.3745(8) 0.0152(7) 0.0116(17) 0.0168(16) 0.0171(17) –0.0002(12) 0.0044(13) –0.0012(12)
O26 O 1 0.5838(10) 0.6910(11) 0.4829(7) 0.0143(7) 0.0156(18) 0.0158(16) 0.0094(16) –0.0017(12) 0.0011(13) 0.0019(12)
O27 O 1 0.4830(11) 0.4512(11) 0.3466(7) 0.0157(7) 0.0143(18) 0.0190(17) 0.0120(16) –0.0009(12) 0.0020(13) –0.0021(12)
Si31 Si 1 0.8334(4) 0.5745(4) 0.1357(3) 0.0119(3) 0.0110(6) 0.0127(6) 0.0105(6) –0.0011(4) 0.0014(5) –0.0013(4)
Si32 Si 1 0.6256(4) 0.4662(4) –0.0679(3) 0.0127(3) 0.0122(7) 0.0145(6) 0.0094(6) –0.0002(4) 0.0010(5) –0.0010(4)
O31 O 1 0.8082(11) 0.7206(12) 0.2046(7) 0.0138(7) 0.0147(19) 0.0161(16) 0.0084(17) –0.0018(12) 0.0011(14) 0.0011(13)
O32 O 1 0.8225(11) 0.4006(11) 0.1846(8) 0.0156(7) 0.0151(18) 0.0154(16) 0.0134(16) 0.0007(12) 0.0009(13) –0.0022(12)
O33 O 1 0.9732(11) 0.5948(11) 0.1004(8) 0.0145(7) 0.0129(17) 0.0153(16) 0.0143(17) –0.0010(12) 0.0031(13) –0.0001(12)
O34 O 1 0.6976(11) 0.5998(11) 0.0266(7) 0.0159(7) 0.0168(18) 0.0164(16) 0.0106(16) 0.0000(12) –0.0008(13) 0.0005(12)
O35 O 1 0.7452(12) 0.4315(12) –0.1219(8) 0.0157(7) 0.0140(18) 0.0158(16) 0.0158(17) 0.0013(12) 0.0030(14) 0.0012(12)
O36 O 1 0.5879(11) 0.3090(12) –0.0099(7) 0.0139(7) 0.0142(18) 0.0165(16) 0.0082(18) –0.0006(13) 0.0000(14) –0.0040(12)
O37 O 1 0.4838(11) 0.5460(11) –0.1509(7) 0.0152(7) 0.0150(18) 0.0200(17) 0.0085(16) –0.0018(12) 0.0010(13) 0.0005(12)
Si41 Si 1 0.1633(4) 0.5768(4) 0.3674(3) 0.0120(3) 0.0118(6) 0.0127(6) 0.0096(6) 0.0001(4) 0.0011(5) 0.0002(4)
Si42 Si 1 0.3690(4) 0.4683(4) 0.5720(3) 0.0125(3) 0.0119(7) 0.0146(6) 0.0092(6) –0.0003(4) 0.0010(5) –0.0004(4)
O41 O 1 0.1740(11) 0.3994(11) 0.3211(8) 0.0153(7) 0.0155(18) 0.0158(16) 0.0114(18) –0.0017(12) 0.0002(14) 0.0001(12)
O42 O 1 0.1862(11) 0.7219(12) 0.2983(7) 0.0138(7) 0.0159(18) 0.0143(15) 0.0095(17) 0.0010(12) 0.0017(14) –0.0013(12)
O43 O 1 0.0214(11) 0.5937(11) 0.4032(8) 0.0145(7) 0.0134(17) 0.0153(16) 0.0147(17) 0.0002(12) 0.0047(14) 0.0002(12)
O44 O 1 0.3003(11) 0.5988(11) 0.4779(7) 0.0151(7) 0.0158(18) 0.0160(15) 0.0089(15) –0.0011(11) –0.0019(13) –0.0003(12)
O45 O 1 0.2520(11) 0.4305(11) 0.6257(8) 0.0152(7) 0.0116(17) 0.0168(16) 0.0171(17) –0.0002(12) 0.0044(13) –0.0012(12)
O46 O 1 0.4080(10) 0.3097(11) 0.5153(7) 0.0143(7) 0.0156(18) 0.0158(16) 0.0094(16) –0.0017(12) 0.0011(13) 0.0019(12)
O47 O 1 0.5141(11) 0.5448(11) 0.6543(8) 0.0157(7) 0.0143(18) 0.0190(17) 0.0120(16) –0.0009(12) 0.0020(13) –0.0021(12)
H47 H 1 0.498(5) 0.568(11) 0.713(3) 0.019*
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1034 (w, b), 983 (m, b), 960 (m, b), 932 (m, b), 873 (m, b), 735 (m),
692 cm–1 (w), 590 (s), 544 (s), 490 (m), 462 (m), 429 (w), 413 (w),
369 (m), 342 (m), 305 (w), 286 (w), 255 (w, b), 231 (w, b), 202 (s),
175 (m), 157 (m), 125 (m), 99 (m) and 89 (m). The significant dif-
ference between the spectra of both crystals observed around 840–
870 cm–1 can be related to different M1–M4 site-occupation
schemes and the orientation of the crystal sections from which
the spectra were collected.

Powder X-ray diffraction data

Powder X-ray diffraction data could not be collected due to the
scarcity and heterogeneity of the silesiaite specimens. In conse-
quence, we only calculated these data from the refined single-
crystal structures using the Diamond program, Version 3.2k
(Crystal Impact, 2014). The seven strongest reflections are [d in
Å (I ) hkl]: 5.178 (63.7) 111, 1�11; 4.563 (30.0) �202; 3.142 (64.2)
004; 3.090 (25.3) �311, �3�11; 3.083 (100) �2�22, �222; 2.589 (28.3)
2�22, 222; and 2.137 (29.2) �331, �3�31 for silesiaite from Szklarska
Poręba, and 5.188 (67.7) 111, 1�11; 4.558 (30.6) �202; 3.136 (63.5)
004; 3.087 (25.1) �311, �3�11; 3.078 (100) �2�22, �222; 2.584 (28.4)
2�22, 222; and 2.133 (29.0) �331, �3�31 for silesiaite from
Häiviäntien. Full calculated powder X-ray diffraction data have
been deposited with the Principal Editors of Mineralogical
Magazine and are available as Supplementary material (Tables
S1a and S1b).

Single-crystal X-ray diffraction and structure determination

Sample preparation, data collection and refinement

The single crystals of silesiaites from Szklarska Poręba and from
Häiviäntien were extracted in the Laboratory of Transmission
Electron Microscopy, Academic Centre for Materials and
Nanotechnology (ACMiN, AGH University of Science and
Technology), using a Quanta 3D 200i (Thermo Fisher
Scientific) scanning electron microscope equipped with a Ga+

ion gun, Pt precursor gas injection systems (GIS) and
Omniprobe micromanipulator for in situ lift-out. An ion beam
accelerating voltage of 30 kV and ion currents in the range of
60 nA to 1 nA were applied. Each of the samples was transferred
via a micromanipulator to standard TEM copper half-ring grids.
The FIB deposition process (from Pt precursor) was used to
attach the manipulator probe to the sample and the foil to the
grid. Subsequently, the crystal was transferred to a suitable micro-
loop and placed on the goniometer base.

Single-crystal X-ray diffraction measurements were made in
the Laboratory of Single Crystal Diffraction at the Faculty of
Chemistry, Jagiellonian University in Kraków, on crystals of
dimensions 0.033 × 0.026 × 0.003 mm (silesiaite from Szklarska
Poręba, Poland), and 0.055 × 0.017 × 0.009 mm (silesiaite from
Häiviäntien, Finland). X-ray diffraction data for each crystal
were collected using a XtalLAB Synergy-S (Rigaku–Oxford
Diffraction) four-circle diffractometer with a mirror monochrom-
ator and microfocus source. The data were collected at the con-
trolled temperature of 293(2) K using MoKα radiation (λ =
0.71073 Å) to a maximum θ value of 29.992° and 29.000°, respect-
ively. The obtained data sets were processed with CrysAlisPro
1.171.40.84a and CrysAlisPro 1.171.41.93a software (Rigaku
Oxford Diffraction, 2020), respectively.

The phase problem was solved by direct methods with
SHELXT-2014/5 (Sheldrick, 2015a). Parameters of the obtained

structural model were refined using SHELXL-2018/3 (Sheldrick,
2015b). The figures presenting the kozłowskiite structure were
prepared with ORTEP-3 for Windows version 2020.1 software
(Farrugia, 2012) and VESTA Version 3 (Momma and Izumi,

Table 5. Selected interatomic distances (Å) in silesiaite from Szklarska Poręba,
Poland (PL) and Häiviäntien, Finland (FIN).

PL FIN PL FIN

Ca1–O11 2.315(8) 2.361(10) Ca2–O22 2.322(9) 2.374(11)
Ca1–O36 2.315(8) 2.356(10) Ca2–O46 2.328(8) 2.364(10)
Ca1–O35 2.340(8) 2.335(11) Ca2–O45 2.340(9) 2.352(10)
Ca1–O13 2.360(9) 2.365(10) Ca2–O23 2.378(8) 2.356(10)
Ca1–O21 2.524(6) 2.565(10) Ca2–O12 2.573(7) 2.540(10)
Ca1–O33 2.779(7) 2.683(11) Ca2–O43 2.746(6) 2.719(11)
Ca1–O14 2.786(8) 2.712(10) Ca2–O24 2.756(8) 2.746(10)
<VIICa1–O> 2.488 2.482 <VIICa2–O> 2.492 2.493

Ca1–O12 3.192(8) 3.234(11) Ca2–O21 3.192(8) 3.204(11)
Ca1–O34 3.190(7) 3.123(10) Ca2–O44 3.173(7) 3.171(11)
Ca1–O37 3.519(9) 3.508(12) Ca2–O47 3.514(9) 3.496(12)
<XCa1–O> 2.732 2.724 <XCa2–O> 2.732 2.732

Ca3–O31 2.344(8) 2.312(11) Ca4–O26 2.321(8) 2.303(10)
Ca3–O16 2.349(8) 2.300(10) Ca4–O42 2.356(8) 2.295(11)
Ca3–O15 2.373(8) 2.359(11) Ca4–O25 2.358(9) 2.350(11)
Ca3–O33 2.377(9) 2.363(10) Ca4–O43 2.358(8) 2.376(10)
Ca3–O41 2.590(6) 2.601(10) Ca4–O32 2.615(6) 2.579(10)
Ca3–O34 2.731(8) 2.752(10) Ca4–O23 2.718(7) 2.781(11)
Ca3–O13 2.752(7) 2.772(11) Ca4–O44 2.722(8) 2.730(10)
<VIICa3–O> 2.502 2.494 <VIICa4–O> 2.493 2.488

Ca3–O14 3.166(7) 3.184(10) Ca4–O24 3.153(7) 3.168(11)
Ca3–O32 3.206(8) 3.197(11) Ca4–O41 3.232(8) 3.205(11)
Ca3–O17 3.507(9) 3.503(12) Ca4–O27 3.516(9) 3.509(12)
<XCa3–O> 2.740 2.734 <XCa4–O> 2.735 2.730

M1–O11 1.986(7) 1.932(10) M2–O22 1.976(7) 1.928(10)
M1–O26 2.007(6) 2.029(9) M2–O16 2.018(6) 2.050(9)
M1–O45 2.036(9) 2.000(10) M2–O35 2.053(8) 2.030(11)
M1–O21 2.074(8) 2.068(10) M2–O12 2.070(8) 2.075(10)
M1–O47 2.099(8) 2.095(9) M2–O37 2.096(8) 2.072(10)
M1–O23 2.111(8) 2.120(10) M2–O13 2.125(8) 2.109(10)
<M1–O> 2.0522 2.0407 <M2–O> 2.0563 2.0440

M3–O31 1.978(7) 2.015(10) M4–O42 1.991(7) 2.006(10)
M3–O46 2.011(6) 1.969(9) M4–O36 2.011(6) 1.948(9)
M3–O25 2.025(9) 2.037(10) M4–O15 2.013(8) 1.997(11)
M3–O41 2.069(8) 2.055(10) M4–O32 2.069(8) 2.054(10)
M3–O27 2.106(8) 2.069(9) M4–O17 2.073(8) 2.115(10)
M3–O43 2.130(8) 2.115(10) M4–O33 2.108(8) 2.123(10)
<M3–O> 2.0532 2.0433 <M4–O> 2.0442 2.0405

Si11–O11 1.585(8) 1.628(11) Si12–O16 1.599(8) 1.594(11)
Si11–O12 1.622(8) 1.640(10) Si12–O14 1.612(7) 1.620(10)
Si11–O13 1.632(8) 1.634(11) Si12–O15 1.622(8) 1.604(12)
Si11–O14 1.658(6) 1.657(10) Si12–O17 1.629(7) 1.654(10)
<Si11–O> 1.624 1.640 <Si12–O> 1.616 1.618

Si21–O21 1.614(8) 1.637(10) Si22–O25 1.605(8) 1.629(11)
Si21–O22 1.629(8) 1.638(11) Si22–O27 1.624(8) 1.646(10)
Si21–O23 1.630(8) 1.608(11) Si22–O26 1.627(8) 1.596(10)
Si21–O24 1.636(7) 1.644(10) Si22–O24 1.648(7) 1.650(10)
<Si21–O> 1.627 1.632 <Si22–O> 1.626 1.630

Si31–O33 1.624(8) 1.623(11) Si32–O35 1.592(8) 1.610(12)
Si31–O31 1.625(8) 1.593(11) Si32–O37 1.629(7) 1.626(10)
Si31–O32 1.631(8) 1.607(10) Si32–O36 1.631(8) 1.626(10)
Si31–O34 1.644(6) 1.642(10) Si32–O34 1.672(7) 1.657(10)
<Si31–O> 1.631 1.616 <Si32–O> 1.631 1.630

Si41–O42 1.596(8) 1.580(11) Si42–O46 1.592(8) 1.631(10)
Si41–O43 1.621(8) 1.644(11) Si42–O45 1.600(8) 1.589(11)
Si41–O41 1.630(8) 1.619(10) Si42–O44 1.641(7) 1.630(10)
Si41–O44 1.662(7) 1.657(10) Si42–O47 1.645(8) 1.633(10)
<Si41–O> 1.627 1.625 <Si42–O> 1.620 1.621
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2011). The programs were operated under the WinGX integrated
system, version 2020.1 (Farrugia, 2012).

Silesiaite, Ca2Fe
3+Sn(Si2O7)(Si2O6OH) (Z = 4), is isostructural

with kristiansenite, Ca2ScSn(Si2O7)(Si2O6OH), and kozłowskiite,
Ca4Fe

3+Sn3(Si2O7)2(Si2O6OH)2 (Z = 2); all three are triclinic–
pseudomonoclinic. The unconventional space group C1 was
chosen for easier comparison with kristiansenite [a = 10.0080(2),
b = 8.3622(1), c = 13.2994(2) Å, α = 89.987(1), β = 109.095(2),
γ = 89.978(1)° and V = 1051.77(3) Å3, found from 14,553 reflec-
tions measured in the θ range 3.219–32.290° at 293.0(1) K for
the Szklarska Poręba silesiaite, and a = 9.9985(3), b = 8.3446(2),
c = 13.2760(4) Å, α = 89.986(3), β = 109.122(2), γ = 90.020(2)°
and V = 1046.55(5) Å3, found from 19,753 reflections measured
in the θ range 3.240–33.256° at 297.0(1) K for the Häiviäntien
silesiaite], although similarly to type kristiansenite (Ferraris
et al., 2001) the structures were metrically monoclinic (Laue
group 2/m). From the diffraction experiment the space group

was determined as pseudo C2/c. To follow the structural
description in the space group C1, which was used by Ferraris
et al. (2001) to describe the structure of kristiansenite, we had
to perform the refinement as 2-component inversion twins with
the BASF fractional contributions of 0.372 (0.040) for the
Szklarska Poręba silesiaite and 0.640 (0.049) for the Häiviäntien
silesiaite. The refinement of 276 structural parameters in C1 (pos-
itional and anisotropic displacement parameters for non-
hydrogen atoms and positional parameters of hydrogen atoms)
gave an R1 index of 2.02% [R1(all) = 2.72%, wR2(all) = 3.95%,
and goodness of fit parameter S = 0.999] for the Szklarska
Poręba silesiaite, and R1 = 3.56% [R1(all) = 4.52%, wR2(all) =
8.19%, and S = 1.050] for the Häiviäntien silesiaite.

Full details of the diffraction data measurement and structure
solution are listed in Table 2. Refined atomic coordinates, equiva-
lent displacement parameters, occupancy for structural sites and
anisotropic displacement parameters are presented in Tables 3

Table 6. Refined M site-scattering and assigned M-site populations for silesiaite.

Site Refined site-scattering Refined <M–O> Assigned site population Calculated site-scattering Calculated <M–O>
(epfu) (Å) (apfu) (epfu) (Å)

Szklarska Poręba pegmatite (Poland)
M1 32.6(1) 2.052 Fe3+0.366Sn0.348Sc0.130Fe

2+
0.062Al0.048Mn

2+
0.040Zr0.003Mg0.003 33.0 2.055

M2 39.7(1) 2.056 Sn0.618Fe
3+
0.207Sc0.073Fe

2+
0.041Al0.027Mn

2+
0.026Zr0.005Mg0.002 40.1 2.058

M3 39.9(1) 2.053 Sn0.628Fe
3+
0.217Sc0.077Fe

2+
0.027Al0.028Mn

2+
0.017Zr0.005Mg0.001 40.0 2.055

M4 39.6(1) 2.044 Sn0.615Fe
3+
0.256Sc0.091Al0.034Zr0.005 40.4 2.049

Häiviäntien pegmatite (Finland)
M1 35.5(2) 2.041 Sn0.450Fe

3+
0.395Fe

2+
0.093Al0.035Nb0.008Mn

2+
0.007Ta0.005Ti0.004Mg0.003 36.6 2.045

M2 42.9(2) 2.044 Sn0.740Fe
3+
0.196Fe

2+
0.019Al0.018Nb0.014Ta0.007Ti0.004Mn

2+
0.001Mg0.001 44.0 2.049

M3 42.2(2) 2.043 Sn0.713Fe
3+
0.218Fe

2+
0.023Al0.020Nb0.013Ta0.007Ti0.004Mn

2+
0.002Mg0.001 43.3 2.048

M4 31.6(2) 2.041 Fe3+0.487Sn0.298Fe
2+
0.145Al0.045Mn

2+
0.011Mg0.005Nb0.005Ta0.003Ti0.002 32.7 2.046

Table 7. Bond-valence analysis for the Szklarska Poręba (holotype) silesiaite (based on the assigned site-occupancies).

Ca1 Ca2 Ca3 Ca4 M1 M2 M3 M4 Si11 Si12 Si21 Si22 Si31 Si32 Si41 Si42 Σ

O11 0.369 0.657 1.105 2.13
O12 0.043 0.196 0.562 1.005 1.81
O13 0.330 0.127 0.468 0.980 1.91
O14 0.117 0.046 0.916 1.066 2.15
O15 0.320 0.682 1.031 2.03
O16 0.339 0.668 1.005 2.01
O17 0.020 0.558 0.987 1.57
O21 0.221 0.043 0.502 1.026 1.79
O22 0.363 0.768 0.987 2.12
O23 0.316 0.138 0.449 0.985 1.89
O24 0.125 0.048 0.970 0.940 2.08
O25 0.332 0.656 1.050 2.04
O26 0.363 0.616 0.992 1.97
O27 0.020 0.501 1.000 1.52
O31 0.344 0.768 0.997 2.11
O32 0.042 0.177 0.565 0.982 1.77
O33 0.119 0.317 0.497 1.000 1.93
O34 0.043 0.133 0.950 0.884 2.01
O35 0.347 0.594 1.086 2.03
O36 0.369 0.686 0.982 2.04
O37 0.019 0.515 0.987 1.52
O41 0.188 0.039 0.566 0.985 1.78
O42 0.334 0.734 1.075 2.14
O43 0.129 0.332 0.462 1.008 1.93
O44 0.045 0.136 0.907 0.957 2.05
O45 0.347 0.564 1.064 1.97
O46 0.357 0.688 1.086 2.13
O47 0.020 0.466 0.947 1.43
Σ 1.98 1.94 1.88 1.92 3.25 3.58 3.64 3.72 4.01 4.09 3.97 3.98 3.93 3.94 3.97 4.05
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and 4, respectively, for silesiaite from Szklarska Poręba and from
Häiviäntien. Selected bond lengths are collected in Table 5 and
assigned M-site populations are shown in Table 6. Bond valences
calculated on the basis of the parameters given by Gagné and
Hawthorne (2015) are shown in Tables 7 and 8. Table 9 presents
the geometrical parameters of hydrogen bonds. The crystallo-
graphic information file has been deposited with the Principal
Editor of Mineralogical Magazine and is available as
Supplementary material (see below).

Silesiaite crystal structure

The silesiaite structure is shown in Fig. 4 projected onto (010)
with the disilicate groups and the other polyhedra of cations in
different alternating (10�1) planes. The M-centred octahedra occu-
pied partially by Sn and Fe atoms are isolated from each other and
aligned in [101] rows. The hydrogen bonds connect [101] rows of
disilicate groups. The contents of the asymmetric unit of the
structural model derived from the data for the silesiaite of
Szklarska Poręba and the projections of the structure along
[010] and [100] are presented in Supplementary materials as

Fig. S1 (with hydrogen bonds marked by dashed lines), deposited
and available with the Principal Editors of Mineralogical Magazine.

The Ca1–Ca4 sites are solely occupied by Ca2+ cations, as was
also found in the kristiansenite and kozłowskiite crystal structures
(Ferraris et al., 2001; Evans et al., 2018; Pieczka et al., 2022b). The

Table 8. Bond-valence analysis for the Häiviäntien silesiaite (based on the assigned site-occupancies).

Ca1 Ca2 Ca3 Ca4 M1 M2 M3 M4 Si11 Si12 Si21 Si22 Si31 Si32 Si41 Si42 Σ

O11 0.330 0.810 0.990 2.13
O12 0.039 0.213 0.575 0.960 1.79
O13 0.326 0.121 0.511 0.975 1.93
O14 0.140 0.044 0.919 1.010 2.11
O15 0.331 0.605 1.053 1.99
O16 0.383 0.627 1.080 2.09
O17 0.020 0.422 0.926 1.37
O21 0.200 0.042 0.522 0.967 1.73
O22 0.319 0.958 0.965 2.24
O23 0.334 0.118 0.442 1.042 1.94
O24 0.129 0.046 0.950 0.935 2.06
O25 0.339 0.648 0.987 1.97
O26 0.380 0.592 1.075 2.05
O27 0.020 0.581 0.945 1.55
O31 0.371 0.700 1.083 2.15
O32 0.043 0.193 0.508 1.045 1.79
O33 0.150 0.328 0.399 1.003 1.88
O34 0.051 0.127 0.955 0.919 2.05
O35 0.351 0.672 1.037 2.06
O36 0.334 0.703 0.995 2.03
O37 0.020 0.581 0.995 1.60
O41 0.183 0.042 0.609 1.013 1.85
O42 0.387 0.588 1.120 2.10
O43 0.137 0.318 0.495 0.950 1.90
O44 0.045 0.134 0.919 0.985 2.08
O45 0.337 0.650 1.094 2.08
O46 0.327 0.820 0.982 2.13
O47 0.021 0.478 0.977 1.48
Σ 1.94 1.90 1.95 1.98 3.49 3.92 3.85 3.23 3.84 4.07 3.92 3.94 4.08 3.95 4.00 4.04

Table 9. Geometrical parameters of hydrogen bonds in silesiaite (Å, °).

D–H⋅⋅⋅A (acceptor position) D–H H⋅⋅⋅A D⋅⋅⋅A ∠DHA

Szklarska Poręba
O17–H17⋅⋅⋅O27 (x,y,z+1) 0.87(1) 1.85(2) 2.691(9) 162(5)
O47–H47⋅⋅⋅O37 (x,y,z+1) 0.87(1) 1.79(2) 2.648(9) 174(4)
Häiviäntien
O17–H17⋅⋅⋅O27 (x,y,z+1) 0.87(2) 1.78(2) 2.643(13) 169(9)
O47–H47⋅⋅⋅O37 (x,y,z+1) 0.86(2) 1.87(4) 2.700(13) 160(10)

Fig. 4. Projection of the silesiaite structure onto (010). The M positions are occupied
partially by Sn (violet tint) and Fe (gold tint) atoms.
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occupancy of the Ca sites exclusively by Ca2+ is corroborated by
the refined <Ca–O> distances (Table 5) and calculated bond-
valence sums (BVS) (Tables 7, 8). The seven-fold-coordinated
Ca atoms form highly distorted polyhedra with Ca–O distances
ranging from almost 2.315 Å up to 2.786 Å in the Szklarska
Poręba silesiaite and 2.295 Å up to 2.772 Å in that originated
from the Häiviäntien pegmatite. The <VIICa1–O> to <VIICa4–O>
distances are 2.488, 2.492, 2.502 and 2.493 Å, and 2.482, 2.493,
2.494 and 2.488 Å, respectively. They are slightly shorter by
comparison to those found in kristiansenite and kozłowskiite but
distinctly longer than the sum of Ca2+ and O2– radii, 2.42–2.44 Å,
computed using radii of seven-fold-coordinated Ca2+ and (three or
four)-coordinated O2– tabulated by Shannon (1976). The completion
of the Ca coordination sphere by oxygen atoms with two additional
O sites at distances of ∼3.2 Å and one at a distance of ∼3.5 Å, result-
ing in a (7 + 2 + 1) coordination, is acceptable, as already considered
by Ferraris et al. (2001) and used in the description of the
kozłowskiite structure by Pieczka et al. (2022b). The distances
<XCa1–O> to <XCa4–O> (2.732–2.740 Å for silesiaite from
Poland and 2.724–2.734 Å for silesiaite from Finland) significantly
outweigh the value of ∼2.59 Å corresponding to the sum of radii
for Ca2+ ten-fold-coordinated by O atoms (Shannon, 1976).
However, as in the case of kristiansenite and kozłowskiite, the calcu-
lated BVS of 1.88–1.98 and 1.90–1.98 valence units (vu), respectively,
are closer to the ideal charge of Ca2+ cation. The first coordination
sphere of the Ca2+ in the structure of all the kristiansenite-group
minerals is indeed very distorted and the influence of more distant
O atoms on the central Ca2+ cation is evident.

Compositions of the two silesiaite crystals studied (according
to the accuracy level of the microprobe measurements) indicate
that the Si sites are filled entirely by silicon atoms. The refined
<Si–O> bond lengths, 1.616–1.631 Å in the structure of the holo-
type silesiaite from Szklarska Poręba and 1.618–1.640 Å in the
structure of the Häiviäntien silesiaite, along with the respective
BVS at the sites, 3.93–4.09 and 3.84–4.08 vu, respectively
(Tables 5, 7, 8), are comparable with those observed in kristianse-
nite and kozłowskiite by Ferraris et al. (2001), Evans et al. (2018)
and Pieczka et al. (2022b).

The occupancy factors of the four M sites were refined as Sn vs
Fe. The structure refinement gives the following numbers of elec-
trons for theM1–M4 sites: 32.6(1); 39.7(1); 39.9(1); 39.6(1) e– and
35.5(2), 42.9(2), 42.2(2) and 31.6(2) e–, respectively (Table 6),
resulting from the refined Sn–Fe occupancies presented in
Tables 3, 4. The refined total M-site scattering, 151.8(4) e– in
the case of the Szklarska Poręba crystal and 152.2(7) e– for the
Häiviäntien silesiaite, agrees well with 153.5 e– and 156.7 e– cal-
culated from the formulae derived from electron microprobe ana-
lysis for Z = 2. Empirical occupancies of the M-sites were
optimised in the system of M4+–M3+–M2+ cations for the
Szklarska Poręba holotype silesiaite and (M4++M5+)–M3+–M2+

cations for the Häiviäntien silesiaite by minimisation of differ-
ences between the refined and estimated <M1–O>, <M2–O>,
<M3–O> and <M4–O> bond lengths (Table 6). The populations
indicate that in the case of the Szklarska Poręba silesiaite, the M4,
M3 andM2 sites are dominated by tetravalent cations (mainly Sn4+),
while the trivalent cations (mainly Fe3+ and Sc3+) are
second-order, albeit significant occupants. Divalent cations are
almost absent at the M4 site, and increase towards the M1 site,
where they are most abundant, marking an increasing coupled
substitution of M2+ +M4+ for 2M3+. In the Häiviäntien silesiaite,
the model of fillings of the M sites is slightly different. The sites
M2 and M3 are occupied predominantly by tetravalent cations

(Sn4+). At the M1 site, Fe3+ + Al3+ almost match the Sn + Ti con-
tent, while trivalent Fe + Al predominate at the M4 site, and the
divalent cations distinctly concentrate at the M4 and M1 sites.

A bond-valence analysis of the M sites in the Szklarska Poręba
silesiaite, calculated based on the optimised site-populations
(Table 6), indicates 3.25, 3.58, 3.64 and 3.72 vu, thus almost per-
fectly corresponding to the valence of the assigned occupants:
3.25, 3.55, 3.59 and 3.62 vu (Table 7). A similar correspondence
was observed in the case of the Häiviäntien silesiaite: 3.49, 3.92,
3.85 and 3.23 vu vs 3.37, 3.77, 3.73 and 3.16 vu for the respective
populations of cations (Table 8).

The unit-cell volume of silesiaite is the smallest among the
minerals of the kristiansenite group: 1051.77(3) and 1046.55(5)Å3

for the Szklarska Poręba and Häiviäntien silesiaites, respectively.
The averaged radius of M-site cations of 0.684 Å and 0.677 Å in
the refined silesiaite crystals is going towards the value of 0.667 Å
in silesiaite of the ideal composition, calculated as (rSn4+ + rFe3+)/2,
where rSn4+ and rFe3+ are the respective cation radii for
six-fold-coordinated Sn4+ and Fe3+ tabulated by Shannon (1976).
For comparison, the ideal kozłowskiite features the averaged M-site
cation radius of 0.713 Å and the kristiansenite that of 0.718 Å.
The relationship is best documented by the covariation V vs
<M–O> described by the equation V = 621.92 <M–O> – 223.74,
having a very high correlation R2 > 0.998, where <M–O> is the
mean refined M–O distance in the structures of minerals of the
kristiansenite group (Fig. 5).

Hydrogen-atom positions were found from the
difference-Fourier map. Both silesiaite crystals contain four
hydrogen atoms in a unit cell shared among the O17–O27 and
O47–O37 oxygen atoms, forming moderate hydrogen bonds of
the geometry given in Table 9. The bonds link [101] rows of
M-centred octahedra with disilicate Si2O7 and Si2O6OH groups.
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Fig. 5. A relationship between the refined unit-cell volume and <M–O> distance in
silesiaite (this study), kristiansenite (Ferraris et al., 2001; Evans et al., 2018), and
kozłowskiite (Pieczka et al., 2022b). Mineral name abbreviations: Kse – kristiansenite,
Kzw – kozłowskiite, Ssa –silesiaite (Warr, 2021). Other abbreviations: PL – type
silesiaite from Szklarska Poręba, Poland; FIN – silesiaite from Häiviäntien, Finland.

282 Adam Pieczka et al.

Downloaded from http://pubs.geoscienceworld.org/minmag/article-pdf/87/2/271/5850222/s0026461x23000051a.pdf
by University of Arizona user
on 22 June 2023



Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1180/mgm.2023.5

Competing interests. The authors declare none.

References

Alviola R., Mänttäari I., Mäkitie H. and Vaasjoki M. (2001) Svecofennian
rare-element granitic pegmatites of the Ostrobothia region, Western
Finland: their metamorphic environment and time of intrusion.
Geological Survey of Finland, Special Paper, 30, 9–29.

Berg G. (1923) Der Granit des Riesengebirges und seine Ganggesteine
(Petrographische Studien). Abhandlungen der Preussischen Geologischen
Landesanstalt N.F., 94. Berlin.

Borkowska M. (1966) Petrography of Karkonosze granite. Geologia Sudetica, 2,
7–119.

Cepedal A., Fuertes-Fuente M. and Martin-Izard A. (2021) Occurrence of sile-
siaite, a new calcium-iron-tin sorosilicate in the calcic skarn of El
Valle-Boinás, Asturias, Spain. European Journal of Mineralogy, 33, 165–174.

Crystal Impact (2014) Diamond – Crystal and Molecular Structure
Visualization. Dr. H. Putz & Dr. K. Brandenburg GbR, Kreuzherrenstr.
102, 53227 Bonn, Germany, http://www.crystalimpact.com/diamond.

Evans R.J., Gołębiowska B., Groat L.A. and Pieczka A. (2018) Crystal structure of
kristiansenite from Szklarska Poręba, southwestern Poland.Minerals, 8, 584.

Farrugia L.J. (2012) WinGX and ORTEP for Windows: an update. Journal of
Applied Crystallography, 45, 849–854.

Ferraris G., Gula A., Ivaldi G., Nespolo M. and Raade, G. (2001) Crystal struc-
ture of kristiansenite: a case of class IIB twinning by metric merohedry.
Zeitschrift für Kristallographie, 216, 442–448.

Gagné O.C. and Hawthorne F.C. (2015) Comprehensive derivation of bond-
valence parameters for ion pairs involving oxygen. Acta Crystallographica,
B71, 562–578.

Gaines R.V., Skinner H.C., Foord E.E., Mason B. and Rosenzweig, A. (1997)
Dana’s New Mineralogy, Eighth Edition. John Wiley & Sons, Inc., USA.

Guastoni A. and Pezzotta F. (2004) Kristiansenite a Baveno, secondo ritrova-
mento mondiale della specie. Rivista Mineralogica Italiana, 2004, 247–251.

Karwowski Ł., Olszyński W. and Kozłowski A. (1973) Wolframite mineraliza-
tion from the vicinity of Szklarska Poręba Huta. Przegląd Geologiczny, 21,
633–637 [in Polish].

Kozłowski A., Karwowski Ł. and Olszyński W. (1975) Tungsten-tin-
molybdenum mineralization in the Karkonosze massif. Acta Geologica
Polonica, 25, 415–430.

Mandarino J.A. (1979) The Gladstone-Dale relationship. Part III. Some general
applications. The Canadian Mineralogist, 17, 71–76.

Mandarino J.A. (1981) The Gladstone-Dale relationship. Part IV. The compati-
bility concept and its application. The Canadian Mineralogist, 19, 441–450.

Momma K. and Izumi F. (2011) VESTA 3 for three-dimensional visualization
of crystal, volumetric and morphology data. Journal of Applied
Crystallography, 44, 1272–1276.

Olszyński W., Kozłowski A. and Karwowski Ł. (1976) Bismuth minerals from
the Karkonosze massif. Acta Geologica Polonica, 26, 443–449.

Pieczka A. and Gołębiowska B. (2012) Cuprobismutite homologues in granitic
pegmatites from Szklarska Poręba, Karkonosze Massif, Southwestern
Poland. The Canadian Mineralogist, 50, 313–324.

Pieczka A., Ma C., Rossman G.R., Evans R.J., Groat L.A. and Gołębiowska B.
(2017) Silesiaite, IMA 2017-064. CNMNC Newsletter No. 40, December
2017, page 1578. Mineralogical Magazine, 81, 1577–1581.

Pieczka A., Zelek-Pogudz S., Gołębiowska B., Stadnicka K.M. and Evans R.J.
(2022a) Kozłowskiite, IMA 2021-081. CNMNC Newsletter 65.
Mineralogical Magazine, 86, 1–2.

Pieczka A., Zelek-Pogudz S., Gołębiowska B., Stadnicka K.M. and Evans R.J.
(2022b) Kozłowskiite, ideally Ca4Fe

2+Sn3(Si2O7)2(Si2O6OH)2, a new
kristiansenite-type mineral from Szklarska Poręba, Lower Silesia, Poland.
Mineralogical Magazine, 86, 507–517.

Pouchou J.L. and Pichoir F. (1991) Quantitative analysis of homogeneous or
stratified microvolumes applying the model “PAP”. Pp. 3l–75 in: Electron
Probe Quantitation (K.F.J. Heinrich and D.E. Newbury, editors). Plenum
Press, New York.

Prado-Herrero P., Garcia-Guinea J., Crespo-Feo E., Correcher V. and Menor
C. (2009) First find of kristiansenite in Spain: Comparison with the
type specimen by non-destructive techniques. Estudos Geológicos, 19,
135–139.

Raade G., Ferraris G., Gula A., Ivaldi G. and Bernhard F. (2002) Kristiansenite,
a new calcium–scandium–tin sorosilicate from granite pegmatite in Tørdal,
Telemark, Norway. Mineralogy and Petrology, 75, 89–99.

Rigaku Oxford Diffraction (2020) CrysAlisPro Software system, versions
1.171.40.84a and 1.171.41.93a. Rigaku Corporation, Wroclaw, Poland.

ShannonR.D. (1976) Revised effective ionic radii and systematic studies of inter-
atomic distances in halides and chalcogenides. Acta Crystallographica, A32,
751–767.

Sheldrick G.M. (2015a) SHELXT – Integrated space-group and crystal-
structure determination. Acta Crystallographica, A71, 3–8.

Sheldrick G.M. (2015b) Crystal structure refinement with SHELXL. Acta
Crystallographica, C71, 3–8.

Strunz H. and Nickel E.H. (2001) Strunz Mineralogical Tables, Ninth Edition.
Schweizerbart’sche Verlagsbuchhandlung, Stuttgart, Germany.

Výravský J, Škoda R. and Novak M. (2017) Kristiansenite, thortveitite and
ScNbO4: Products of Ca-metasomatism of Sc-enriched columbite-(Mn)
from NYF pegmatite Kožichovice II, Czech Republic. PEG2017, NGF,
Abstracts and Proceedings, 2, 169–172.

Warr L.N. (2021) IMA–CNMNC approved mineral symbols. Mineralogical
Magazine, 85, 291–320.

Mineralogical Magazine 283

Downloaded from http://pubs.geoscienceworld.org/minmag/article-pdf/87/2/271/5850222/s0026461x23000051a.pdf
by University of Arizona user
on 22 June 2023

https://doi.org/10.1180/mgm.2023.5
https://doi.org/10.1180/mgm.2023.5
http://www.crystalimpact.com/diamond
http://www.crystalimpact.com/diamond

	Silesiaite, ideally Ca2Fe3+Sn(Si2O7)(Si2O6OH), a new species in the kristiansenite group: crystal chemistry and structure of holotype silesiaite from Szklarska Por&eogon;ba, Poland, and Sc-free silesiaite from H&auml;ivi&auml;ntien, Finland
	Introduction
	Geological setting
	Appearance and physical properties
	Composition of silesiaite
	Raman spectroscopy
	Powder X-ray diffraction data
	Single-crystal X-ray diffraction and structure determination
	Sample preparation, data collection and refinement
	Silesiaite crystal structure

	Acknowledgements
	References


