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Svornostite (IMA2014-078), K,Mg[(UO,)(SO,),],-8H,0, is a new uranyl sulfate mineral from Jachymov, Western Bohemia,
Czech Republic. The new mineral was found in material originating from the Geschieber vein in the Svornost mine. It
occurs as crystalline crusts composed of yellow prismatic crystals on a gangue along with geschieberite, adolfpateraite
and gypsum. It is a low-temperature, supergene mineral formed by the post-mining weathering of uraninite. Svornostite
is orthorhombic, the space group Pmn2 , with the unit-cell parameters a = 12.7850(3), b = 8.2683(4), c = 11.2163(3) A,
V=1185.68(7) A’ and Z = 2. Crystals are long prisms elongated on [001] and flattened on {100}. Crystals exhibit the
forms {100}, {010} and {011}, usually forming multiple intergrowths. Svornostite is light yellow and has a very pale yel-
low streak. It exhibits a strong yellowish-green fluorescence under both long-wave and short-wave UV. It is translucent
to transparent with strong vitreous luster. The mineral has a Mohs hardness ~2; it is brittle, with uneven fracture and a
perfect cleavage, on {100} and {010}. The calculated density based on the empirical formula is 3.268 g/cm’. The mineral
is optically biaxial (+), with a = 1.548(2), p = 1.556(3) and y = 1.585(2) (measured at 590 nm). The 2V was not measured,
calculated value is 56°. Birefringence is 0.037. No dispersion or pleochroism was observed. The optical orientation is
Z = c. Chemical analysis (EDS, 6 spots) is K,0 7.93, MgO 3.11, CuO 0.79, SO, 28.13, UO, 48.94, H,O (calc.) 12.53, total
101.43 wt. %, which yields the empirical formula K ., (Mg, .,Cu,, );, ,,(U;5,0,),(S, ,,0,),(H,0), (based on 28 O apfu).
Prominent features in the Raman spectrum include the O-H stretching vibrations, symmetric stretching vibrations of
(UO,)*" ion, and stretching and bending vibrations of symmetrically non-equivalent SO, groups. The eight strongest
powder X-ray diffraction lines are [d A (1,) (hkD)]: 8.279(50)(010), 6.398(100)(200), 5.060(55)(210), 4.645(40)(012),
4.610(38)(211), 3.881(34)(021), 3.318(44)(221), 3.009(44)(213). The crystal structure of svornostite (R = 0.023 for 2745
reflections with I | > 30[I]) contains infinite uranyl sulfate chains of composition [(UO,)(SO,),(H,0)]* parallel to (001).
The adjacent chains are linked through the Mg**-octahedra linked to the apical O atoms of the SO, groups with the chains
and additionally by the K-O bonds and also H-bonds involving H,O molecules. The uranyl sulfate chains are the same
as found in the structures of several others uranyl sulfate minerals.
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1. Introduction

Uranyl sulfates typically occur as supergene alteration
products after hydration-oxidation weathering of ura-
ninite (Plasil 2014). They are relatively common since
uraninite is often associated with sulfides such as pyrite,
marcasite or chalcopyrite (Finch and Murakami 1999;
Krivovichev and Plasil 2013). Uranyl sulfates usually
form during oxidizing weathering of sulfides and U ores
in the old mining workings by the process connected to
the acid mine drainage (AMD) (Fernandes et al. 1995;

Brugger et al. 2003; Johnson 2003; Johnson and Hallberg
2005), generating highly mobile acid solutions containing
dissolved UO,>.

Svornostite is further new uranyl sulfate mineral found
in Jachymov (Joachimsthal), Czech Republic. The new
mineral and the name were approved by the Commission
for the new Minerals, Names and Classification of Inter-
national Mineralogical Association (IMA2014-078). The
new mineral was named after the type locality, abandoned
Svornost mine (also known as Einigkeit in German). The
holotype specimen is deposited in the collections of the
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Fersman Mineralogical Museum of the Russian Academy
of Sciences, Moscow, Russia, registration number 4537/1.

2. Occurrence

Svornostite was found on a single specimen collected
from Geschieber vein on the 5" level of the Svornost
mine, Jachymov, Western Bohemia, Czech Republic by
one of the authors (JH). The description of the local-
ity and its geological setting has been already given in
detail elsewhere (e.g., Ondrus et al. 1997, 2003; Tvrdy
and P14sil 2010; Hlousek et al. 2014). The Jachymov ore
district is a classic example of the Variscan hydrothermal
vein type of deposit, so-called five-elements formation,
Ag-Bi—-Co-Ni—(U). Jachymov is the type locality for
43 minerals and more than 430 minerals have been iden-
tified from there.

Minerals found in direct spatial association with
svornostite include geschieberite, K,(UO,)(SO,),-2H,0
(IMA2014-006; Plasil et al. 2014a) and adolfpateraite
(Plasil et al. 2012). Minerals are of supergene origin and
formed during alteration during post-mining processes.

3. Physical and optical properties

Svornostite forms markedly elongated prisms (Fig. 1)
in multiple intergrowths. Crystals, up to 0.2 mm across,
are flattened on {100} and elongated parallel to [001].
It is light yellow in crystals and bright yellow in larger
aggregates with a very pale yellow streak. Crystals are
transparent to translucent (if thicker) with a vitreous
luster. They are brittle, with a perfect cleavage on {100}

Tab. 1 Results of chemical analyses (in wt. %) of svornostite

Mean (n = 6) Range SD Standard
K,0 7.93 7.34-8.71 0.48 Microcline
MgO 3.11 2.75-3.93 0.45 Olivine
CuO 0.79 0.00-2.40 1.23 Cu (metal.)
SO, 28.13 25.44-30.70 2.51 BaSO, (synth.)
uo, 48.94 44.99-51.72 2.74 UO, (synth.)
H,O 12.53*

Total 101.43

* calculated from the structure
SD - standard deviation

and {010}, and uneven fracture. The Mohs hardness is
estimated at 2. A density of 3.268 g/cm® was calculated
based on the unit-cell dimensions from single-crystal
X-ray data and on the empirical formula from electron
microprobe results. Svornostite shows strong yellowish-
green fluorescence under both long- and short-wave UV
radiation. The mineral is optically biaxial positive, with
o = 1.548(2), B = 1.556(3) and y = 1.585(2) (measured
at 590 nm), birefringence of 0.037 and 2V_,. = 56°. No
dispersion or pleochroism was observed. The optical
orientation is Z = ¢. The Gladstone-Dale compatibility,
1= (K /K), is good (0.039) for the empirical formula and
the single-crystal unit-cell.

4. Chemical composition

The chemical composition of svornostite was determined
using a CamScan4D scanning electron microscope (SEM)
equipped with an Oxford Link ISIS energy-dispersive X-
ray spectrometer. An operating voltage of 20 kV was used
with a beam current of 500 pA and a 1 um beam diameter.
The EDS mode on the SEM was chosen for the analysis
instead of the WDS mode on
the electron microprobe (EMP)
because svornostite was found
to be less stable under the high-
vacuum and higher probe cur-
rent. A special attention was
paid to the overlap of the U and
K lines in the EDS spectrum,
thus to the good resolution of
the KK and UM_ analytical
lines during measurement of
K; the U content was measured
using the UL_ line. The content
of molecular H,O was not deter-

Fig. 1 Bright-yellow prismatic crystals
of svornostite in association with green-
ish geschieberite (IMA2014-006) and
coatings of white gypsum on altered
gangue from Jachymov. Width of image
is 2.5 mm (photo P. Skacha).
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mined directly, because of the paucity of pure material for
thermal analysis. The H,O content was calculated from
stoichiometry obtained from the structure model. Presence
of H,0 was independently proven by Raman spectroscopy.
The empirical formula of svornostite, calculated as
the mean of 6 representative spot analyses (Tab. 1),
IS K1.94(Mgo.sgcuo.ll)zl.oo(uo.990_2)2(s_1._0104)4(H20)8
(based on 28 O apfu). The simplified formula,
K,Mg(U0,),(S0,),(H,0),, requires K,O 8.05, MgO 3.43,
UO, 48.89, SO, 27.32, H,0 12.31, total 100 wt. %.

5. Raman spectroscopy

A Raman spectrum of svornostite (Fig. 2) was collected in
the range 50-3500 cm' using a DXR dispersive Raman
spectrometer (Thermo Scientific) mounted on a confo-
cal Olympus microscope (100x objective). The Raman
signal was excited by a 532 nm diode-pumped solid-state
laser and detected by a CCD detector. The experimental
parameters were: 5 s exposure time, 32 exposures, 400
lines/mm grating, 50 mm slit spectrograph aperture and

2.5 mW laser power level. The instrument was set up by
a software-controlled calibration procedure using multiple
neon emission lines (wavelength calibration), multiple
polystyrene Raman bands (laser frequency calibration)
and standardized white-light sources (intensity calibration).
The general features of the vibration spectra of uranyl-
sulfate minerals and their characteristics were thoroughly
reviewed by Cejka (1999). Recently, Raman spectra of
several structurally related uranyl sulfates, among others
bobcookite, NaAl(UO,),(SO,),-18H,0 (IMA2013-030,
Kampf et al. 2014) were investigated. We based the as-
signment and interpretation of the Raman spectrum of
svornostite on the similarities with the spectra of bob-
cookite and oppenheimerite, and also on the well-resolved
Raman spectrum of natural zippeite (Plasil et al. 2010).
Interestingly, svornostite spectrum contains well-
resolved O-H stretching vibrations, which is uncommon
in case of unpolarized Raman spectroscopy. However,
similarly well-resolved bands in the O-H stretching
region were observed in the spectrum of bluelizardite
(Plasil et al. 2014b) or plasilite (Kampf et al. 2015a). Ra-
man bands at 3622, 3545 and 3496 cm™! in the svornostite
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Fig. 2 The Raman spectrum of svornostite.

115



Jakub PIasil, Jan Hlousek, Anatoly V. Kasatkin, Milan Novék, Jifi Cejka, Ladislav Lapcak

spectrum are attributed to v O—H stretching vibrations of
symmetrically distinct H,O molecules. The O-H~O hy-
drogen bond lengths, inferred using the empirical relation
given by Libowitzky (1999), vary in the range ~3.2 to
2.9 A. These values are consistent with the OO inter-
atomic distances of the corresponding hydrogen- bonded
H,O molecules inferred from the X-ray structure study.
Bands at 1220, 1200, 1155 and 1110 cm™ are attributed
to triply degenerate v, (SO,)* antisymmetric stretching
vibrations and those at 1028 and 989 cm™ to v, (SO,)*
symmetric stretching vibrations. A very weak band at
951 and a very strong one at 854 cm ™' are assigned to v,
(UO,)* antisymmetric and v, (UO,)** symmetric stretch-
ing vibrations, respectively. The approximate U-O bond
length inferred from the respective wavenumbers of the
(UO,)* vibrations after Bartlett and Cooney (1989) is
~1.76 A, which is in line with the bond lengths obtained
from the structure refinement. A very weak band at
725 cm! is probably connected with libration of H,O
molecules. Bands at 643 and 610 cm™" are attributed to

Tab. 2 Powder diffraction data for svornostite

triply degenerate v, (8) (SO,)* bending vibrations, and
those at 458 and 438 cm™ to v, (8) (SO,)* bending vibra-
tions. A weak band at 322 cm' can be assigned to the v
(U—O”gand) vibration. A weak band at 268 cm™' together
with a shoulder at 207 cm™' may probably be assigned to
split, doubly degenerate v, () (UO,)** bending vibrations.
However, the shoulder may be related to a set of lattice
vibrations at 186, 132 and 75 cm™'. From the number of
observed bands of (SO,)* vibrations it may be inferred
that structurally (symmetrically) distinct (SO,)* groups
are present in the structure of svornostite.

6. X-ray crystallography and
structure determination
6.1. Powder diffraction

X-ray powder diffraction data (Tab. 2) were obtained
from a hand-picked sample using a PANalytical Empy-

| e dee | h k | | s A | h k |
50 8.279 8.275 48 0 1 0 11 2.546 2.545 13 2 2 3
2 6.901 6.947 <1 1 1 0 5 2.533 2.533 5 2 3 0
32 6.661 6.660 27 0 1 1 5 2.476 2.475 5 0 3 2
100 6.398 6.393 100 2 0 0 15 2.470 2.470 11 2 3 1
20 5.613 5.611 18 0 0 2 10 2.467 2.468 10 4 2 1
55 5.060 5.059 52 2 1 0 6 2.454 2.454 6 2 1 4
40 4.645 4.644 40 0 1 2 1 2.431 2.430 <l 1 3 2
38 4.610 4.612 37 2 1 1 1 2.385 2.387 1 5 1 1
1 4.359 4.365 2 1 1 2 3 2.331 2.332 6 4 1 3
23 4.217 4.217 24 2 0 2 3 2.308 2.308 3 2 3 2
5 4.137 4.137 3 0 2 0 3 2.236 2.240 1 5 1 2
2 3.983 3.985 2 3 0 1 6 2.220 2.220 7 0 3 3
34 3.881 3.882 35 0 2 1 3 2.206 2.211 1 1 0 5
29 3.757 3.757 30 2 1 2 5 2.109 2.109 7 4 0 4
7 3.588 3.590 2 3 1 1 17 2.097 2.095 16 4 2 3
24 3.409 3.409 27 0 1 3 1 2.090 2.088 1 4 3 0
6 3.330 3.330 5 0 2 2 3 2.068 2.069 3 0 4 0
44 3.318 3318 49 2 2 1 3 2.063 2.064 6 6 1 0
6 3.218 3.222 1 1 2 2 11 2.053 2.053 13 4 3 1
22 3.197 3.197 27 4 0 0 2 2.045 2.043 6 4 1 4
44 3.009 3.008 50 2 1 3 4 2.030 2.030 6 6 1 1
4 2.986 2.982 7 4 1 0 2 1.9938 1.9923 6 6 0 2
14 2.955 2.953 15 2 2 2 4 1.9736 1.9728 6 0 2 5
5 2.884 2.882 8 4 1 1 5 1.9678 1.9682 3 2 4 0
6 2.800 2.806 8 0 0 4 2 1.9569 1.9572 3 4 3 2
19 2.776 2.775 17 0 2 3 6 1.9408 1.9410 6 0 4 2
4 2.758 2.758 1 0 3 0 6 1.9358 1.9369 5 6 1 2
16 2.679 2.679 17 0 3 1 7 1.8861 1.8851 11 2 2 5
10 2.658 2.657 10 0 1 4 6 1.8704 1.8703 6 0 0 6
5 2.634 2.633 10 4 1 2 6 1.8667 1.8681 9 6 2 1
3 2.602 2.601 1 1 4 13 1.8574 1.8573 17 2 4 2
6 2.570 2.569 8 2 0 4

d values quoted in A
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rean diffractometer equipped with a
PIXcel®® detector using Cuk radia-
tion (45 kV, 40 mA) and operating in
Debye-Scherrer geometry provided
by focusing Gobel mirror optics.
Data were collected in the range
3-50° 20, with the step size of 0.01°
and counting time of 2 s per step, us-
ing an accumulation of 20 scans to
improve the intensity statistics. Posi-
tions and intensities of diffractions
were refined using a pseudo-Voigt
shape function with the High-Score
(PANalytical) program. Unit-cell
parameters were refined by least-
squares with the Celref program
(Laugier and Bochu 2003). The
theoretical pattern, used for index-
ing the experimental dataset, was
calculated from the structure data
using PowderCell (Kraus and Nolze
1996). Refined unit-cell parameters
of svornostite obtained from powder
data are a=12.787(3), b = 8.275(2),
c=11.222(3) A, with V = 1187.5(5)
Adand Z = 2.

6.2. Single-crystal X-ray
diffraction and structu-
re solution

A prismatic single crystal of
svornostite, with dimensions
0.24x0.07x0.05 mm, was selected
under the microscope and exam-
ined using an Oxford Diffraction
Gemini single-crystal diffractom-
eter with an Atlas CCD detector
using monochromatized MoK ra-
diation, with a fibre-optic Mo-En-
hance collimator. The unit-cell di-
mensions were refined from 10483
reflections by least-squares with
the CrysalisPro package (Agilent
Technologies 2014). According to

Fig. 3 The crystal structure of svornostite
viewed down c. Infinite uranyl sulfate chains
(blue and yellow, respectively) run parallel
to the viewing direction. Adjacent chains are
linked by Mg-octahedra (orange), the K-O
bonds (K atoms are violet) and a H-bond
network (not displayed); O atoms are red
spheres. Unit-cell edges are outlined by the
solid black line.

Tab. 3 Crystallographic data and refinement details for svornostite

Crystal data

Formula

Crystal system

Space group

Unit-cell parameters: a, b, ¢ [A]
Unit-cell volume [A?]

z

Calculated density [g/cm?]
Crystal size [mm)]

Data collection

Diffractometer

Temperature [K]

Radiation, wavelength [A]

0 range for data collection [°]
Limiting Miller indices

Axis, frame width (°), time per frame (s)
Total reflections collected

Unique reflections

Unique observed reflections, criterion
Absorption coefficient [mm™], type
Tmin/Tmax

Structure refinement by Jana2006

No. of ref. param., restraints, constraints
R, wR (0bs)

R, wR (all)

GOF obs/all

Weighting scheme, weights

Largest diff. peak and hole (e /A?)
Absolute structure parameter, Friedel pairs

Twin matrix

K,Mg[(UO,)(SO,),],(H,0),
orthorhombic

Pmn2,

12.7850(3), 8.2683(4), 11.2163(3)
1185.68(7)

2

3.280

0.235%0.068 x0.052

Oxford Diffraction Gemini with Atlas detector
300
MoK, 0.71073 (50 kV, 30 mA)
2.9029.30
=-17—16, k=-11—11,1=-14 — 14
®, 0.8, 350
19142
3108
2745, [1 > 30()]
14.492; multi-scan
0.574/1
0.047
1044

Full-matrix least-squares on F?
179, 1,0
0.0230, 0.0567
0.0280, 0.0587
1.38, 1.34
o, w =1/(c?(1)+0.00041?)
—-0.98, 1.40
0.018(9), 1410
-1 00

0 -1 0
0 0 -1
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four of the equatorial vertices with sulfate tetrahedra such
that each tetrahedron is linked to two uranyl bipyramids
to form an infinite chain (Fig. 4). The free, non-linking
equatorial vertex of the uranyl bipyramid is occupied by
an H,O molecule. The Mg site is coordinated octahedrally
by six ligands including two O atoms and four H,O mol-
ecules. The O atoms of the Mg octahedra belong to SO,
tetrahedra of the chains. Therefore, Mg octahedra link
adjacent chains (Fig. 3). Additional linkage is provided
by the K-O bonds, involving either O atoms of the SO,
groups or O atoms. Acceptors of the H-bonds (Tab.

Uranyl
6) within the structural units are the 012Uranyl atom,
which can accept two H-bonds, the O3 atom, which

Sulphur

can accept one H-bond, 06 which can accept
and O12

two H-bonds and 013Uranyl Uranyl 21OMS, which
also can accept one H-bond. The structural formula of
svornostite obtained from the refinement is K,Mg[(UO,)
(0,),(H,0)1,(H,0),. The EDS showed possibly Cu*" to
be entering most probably the octahedrally coordinated
Mg site; however, this theory was not substantiated by
the structure refinement.

7. Discussion — structure topology and
structure relations

The infinite uranyl sulfate chains present in the structure
of svornostite are a well-known structural feature found
in other uranyl sulfates, e.g., in bobcookite (IMA2014-
030), NaAl(UO,).(SO,), 18H,0 (Kampf et al. 2014), or
the synthetic compounds K,[(UO,)(SO,),(H,0)](H,0)
(Ling et al. 2010) and Mn(UO,)(S0O,),(H,0), (Tabachen-
ko et al. 1979).

It should be noticed here that svornostite is structurally
very similar to the group of synthetic compounds prepared
by Serezhkin and Serezhkina (1977, 1978, 1982) and by
Tabachenko et al. (1979). These synthetic uranyl sulfate
hydrates M**[(UO,)(SO,),].xH,0 have layered structures
(X ~ 11) or chain structures (X ~ 5); in all of them the
[(UO,)(SO,),(H,0)]* units are present. The structural
relations among these units were studied in detail espe-
cially in case of the Mg?*-containing compounds. Ura-
nium coordination polyhedra
are pentagonal [(UO,)O,(H,0)]
bipyramids. Each uranyl ion
coordinates four monodentate
sulfate groups and one water
molecule as in svornostite. Lay-
er structures (x ~ 11H,0), where
the [M**(H,0),]** octahedra and
remaining water molecules are

Fig. 4 Infinite uranyl sulfate chain found
in the structure of svornostite; O8 marks
the site occupied by H,O.

Tab. 5 Selected interatomic distances (A) and angles (°) in the structure
of svornostite

U-012  1.754(4) S1-02  1.436(6) S2-03  1.440(5)
U-013  1.770(4) S1-05 1.449(5) S2-04  1.495(5)
U-04 2.356(5) S1-09  1.480(5) S2-06  1.474(5)
u-07' 2.370(5) S1-0O16  1.486(6) S2-07  1.501(5)
U-08 2.472(4) <SI1-O>  1.463 <§2-0> 1478
U-09"  2.368(5)

U-016  2.331(6)

<U-0,> 1.762

<U-0 > 2379

K1-02  2.743(6) K2-O1Y 3.304(11) Mg-O1  2.100(11)
K1-02%  2.743(6) K2-02'  3.099(6) Mg-05  2.042(5)
K1-03  2.815(5) K2-06" 2.985(6) Mg-O5" 2.042(5)
K1-03" 2815(5) K2-09' 2.943(5) Mg-O10* 2.009(8)
KI-O11 3.056(9) K2-O11' 2.889(9) Mg-O15* 2.117(10)
KI1-013 2912(5) K2-0O12 3.329(5) Mg-O17 2.070(7)
KI-013i 2.912(5) K2-O14* 2.847(13) <Mg-0> 2.063
K1-015% 3.317(10) <K2-O> 3.057

<K1-0> 2914

01-04  3216(9) 04-09" 2.860(6) 08-09" 2.690(8)
O01-04v 3216(9) 04-O11" 3.225(7) 08-012 3.050(7)
O1-05  2.954(9) 04-012 2.939(6) 08-013 3.004(6)
O1-05"  2.954(9) 04-013 2.952(7) 08-014" 3.178(9)
01-06  2.955(9) 04-016 2.903(8) 08-015"" 2.957(7)
O1-06" 2.955(9) 04-018" 2.851(3) 09-011 3.125(6)
01-010 2.971(13) 05-08"  3.392(9) 09-012" 2.819(6)
O1-017  2.946(13) 05-09  2.413(7) 09-013" 3.064(6)
02-05  2.392(7) 0O5-010" 2.789(7) 09-0O16 2.384(8)
02-08"  2.704(7) 05-0O15" 2.910(9) O10-012 2.994(8)
02-09  2.354(7) 05-016  2.381(8) 0O10-012" 2.994(8)
02-011  3.329(8) 05-017 2.982(7) 0O10-015 2.732(12)
02-014" 3.160(11) 06-07  2.397(7) OI12-012" 2.941(6)
02-016  2.406(8) 06-08' 2.701(8) OI2-016 2.828(8)
03-04  2434(7) 06-09" 3.227(6) 0O12-017 3.305(7)
03-06  2.445(7) 06-0O14 3.305(10) 81;; 3.167(6)
03-07  2.421(7) 0O7-08" 2.717(8) 812;“ 3.341(10)
03-010" 2.924(7) O7-O11" 3.349(7) O13-016 3.034(8)
03-012" 3.235(7) 07-012" 3.019(6) OI13-017" 3.175(7)
03-013  3.106(7) O7-013" 2.890(6) O14-015* 2.984(15)
04-06  2.381(6) 07-014 2.853(8) OI15-017*3.078(12)
04-07  2.385(7) 07-016" 2.822(8) O14-015* 2.984(15)

Symmetry codes: (i) —x+3/2, —y+1, z—1/2; (ii) —x+3/2, —y+1, z+1/2;
(i) —x+1,y, z; (iv) —x+2, Y, z; (V) X, y—1, z; (vi) —X+3/2, -y, z-1/2;
(vil) —x+3/2, =y, z+1/2; (viii) —x+3/2, —y+2, z+1/2; (ix) X, y+1, z;
(X) x, y—1, z+1.
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Tab. 6 The bond-valence analysis for svornostite

U S1 S2 KI K2 Mg [YBV*|Species| +H*
o1 0.04 033 037 |HO |+1.6
02 1.66 0.19%2 0.07x2] 1.92 |O
03 1.640.16x2| 1.80 |O +0.2
04 (0.54 1.42 1.96 |0
05 1.60 0.39x2]11.99 |O
06 1.50 0.10x2] 1.60 |O +0.4
07 ]0.53 1.37 1.90 |O
08 ]0.43 043 |H,0 |+1.6
09 0.53 1.48 0.11x2] 2.12 |0
010 0.43 043 [HO |+1.6
O11 0.08  0.13 021 |HO |+1.8
012 |1.77 0.04x2] 1.81 |O +0.2
013 |1.71 0.12x2] 1.83 |O +0.2
O14 0.14 0.14 |H,0 +1.8
0o15 0.04 0.32 036 |HO |+1.6
016 |0.57 1.45 2.02 |0
017 0.36 036 HO |+1.6
YBV©|6.08 6.19 5.931.06  0.95 2.22

All values are in valence units (vu); x2| — multiplicity; Y BV® — sum
of the bond-valences of cations; > BV* — sum of the bond-valences of
anions; +H* — inferred contribution of the H-bonds; an average H-bond
strength is of 0.2 vu, O, —H is equivalent to ~0.8 vu (Schindler and

donor

Hawthorne 2008). Values of +0.2 and +0.4 correspond thus to the ac-
ceptance of one or two H-bonds. A value of +1.6 is characteristic of
the transformer H,0 group 2%0.8 vu. A value of +1.8 corresponds to
the non-transformer H,O group = A + 2*0.8 + 0.2 vu. Bond valence
parameters are taken from Burns et al. (1997), for U**-0O, and from
Brown and Altermatt (1985) for K*-O, S¢-0O and Mg?-O.

located between the layers, transform in chain structures
(x ~ 5H,0) during the partial irreversible dehydration.
During such dehydration process, all H,O molecules
non-coordinated to metal cations and the two H,O mol-
ecules in trans positions of [M*(H,0)]** octahedra are
released from the structure. In structures of pentahy-
drates, the coordination polyhedra involving M?* consist
of four H,0 and two terminal O atoms adhering to SO,
groups, as in case of svornostite. Chemical formulae of
both type of compounds are therefore [Mg(H,0), ][(UO,)
(S0,),(H,0)].4H,0 and [Mg(H,0),[(UO,)(SO,),(H,0)1,
respectively.
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