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ABSTRACT

The new mineral geschieberite (IMA2014-006), K,(UO,)(SO4)2(H,0),, was found in the Svornost
mine, Jachymov, Czech Republic, where it occurs as a secondary alteration phase after uraninite in
association with adolfpateraite and gypsum. Geschieberite forms crystalline aggregates of bright green
colour (when thick) composed of multiply intergrown prismatic crystals elongated on [001] typically
reaching 0.1—0.2 mm across; observable forms are {010} and {001}. Crystals are translucent to
transparent with a vitreous lustre. The mineral is brittle, with perfect cleavage on {100} and an uneven
fracture. It has a greenish-white streak and a probable Mohs hardness of ~2. The mineral is slightly
soluble in cold H,O. The calculated density is 3.259 g cm™>. The mineral exhibits strong yellowish-
green fluorescence under both shortwave and longwave UV radiation. Optically, geschieberite is
biaxial (—), with B = 1.596(2) and y = 1.634(4) (measured at 590 nm), with X = a. Electron-microprobe
analyses provided Na,O 0.23, K,O 14.29, MgO 2.05, CaO 0.06, UO; 49.51, SO5 27.74, H,O 6.36
(structure), total 100.24 wt.%, yielding the empirical formula (K;72Mgo-90Nag.04Cag.01)s2.06
(Up.9802)(S0.9804)2(H,0), based on 12 O atoms per formula unit. The Raman spectrum is dominated
by the symmetric stretching vibrations of UO3", SO~ and weaker O—H stretching vibrations.
Geschieberite is orthorhombic, Pna2;, with a = 13.7778(3), b = 7.2709(4), ¢ = 11.5488(2) A, V =
1156.92(7) A, Z=4.The eight strongest powder X-ray diffraction lines are [d,ps in A (hkl) I.¢1]: 6.882
(200) 100, 5.622 (111) 53, 4.589 (211) 12, 4.428 (202) 16, 3.681 (311) 18, 3.403 (013) 12, 3.304
(401,113) 15 and 3.006 (122) 17. The structure, refined to R = 0.028 for 1882 I > 35(J) reflections,
contains [(UO,)(SO4)»(H,0)]?~ sheets that are based on the protasite anion topology. Sheets are
stacked perpendicular to a. Potassium atoms and one H,O molecule are located between these sheets,
providing an interlayer linkage. The remaining H,O molecule is localized within the structural unit, at
the free vertex of the uranyl pentagonal bipyramid; this vertex does not link to sulfate tetrahedra. The
mineral is named for one of the most important ore veins in Jachymov — the Geschieber vein.

Kevworbs: geschieberite, new mineral, uranyl sulfate, crystal structure, Raman spectroscopy, Jachymov.

Introduction
* E-mail: plasil@fzu.cz URANYL SULFATES are common alteration products
T deceased, April 27, 2014 resulting from the weathering of uraninite or other
DOI: 10.1180/minmag.2015.079.1.16 U-containing minerals, as well as vein sulfides,
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such as pyrite, marcasite or chalcopyrite.
Oxidative weathering of sulfide minerals leads
to the formation of solutions with quite low pH
and high activity of anions such as SO3~ (Jambor
et al., 2000). These acidic solutions are referred to
as acid mine drainage (AMD) when they have an
anthropogenic origin, as e.g. minerals formed in
old mining galleries and workings (Plasil, 2014).
They are responsible for leaching and transport of
heavy elements on a large scale (Edwards et al.,
2000; Evangelou and Zhang, 1995). Until
recently, very few uranyl sulfates were known
to occur in Nature, e.g. minerals of the zippeite
group (Frondel et al., 1976) and uranopilite
(Burns, 2001). However, during the last few
years a large number of new uranyl sulfates has
been discovered from Jachymov, Czech Republic
(Plasil et al., 2011, 2012, 2014a), France (Plasil ez
al., 2013a), Utah, USA (Kampf et al., 2014; Plasil
et al., 2013b, 2014b) and the Northern Caucasus,
Russia (Pekov et al., 2014). Here, we describe
geschieberite, a new uranyl sulfate mineral from
Jachymov, Czech Republic.

The name geschieberite, originates from the
name of one of the most important ore veins in
Jachymov — the Geschieber vein, exploited by the
Svornost and Josef mines, in the town of
Jachymov. The new mineral and name have
been approved by the Commission on New
Minerals, Nomenclature and Classification
(CNMNC) of the International Mineralogical
Association (IMA2014-006, Plasil et al., 2014c).
The type specimen is deposited in the collections
of the Fersman Mineralogical Museum of the
Russian Academy of Sciences, Moscow, Russia,
registration number 4537/1.

Occurrence

Geschieberite was found underground by one of
the authors (JH) in material originating from the
Geschieber vein on the 5™ level of the Svornost
mine in Jachymov, Western Bohemia, Czech
Republic. The new mineral is extremely rare at
the site and occurred on a single specimen. It was
found closely associated with gypsum, adolf-
pateraite (Plasil ez al., 2012), mathesiusite (Plasil
et al., 2014a) and a new mineral, svornostite,

gate consists of multiple intergrowths of
0.1—-0.2 mm long prismatic crystals. The only
crystal faces observed belong to the prism forms
{001} and {010}. Individual crystals are of paler
green colour and have a vitreous lustre.
Geschieberite has a greenish-white streak. The
Mohs hardness could not be measured, but is
probably ~2. The mineral is brittle with an uneven
fracture. There is one perfect cleavage on {100}.
The mineral is slightly soluble in cold H,O. The
density of 3.259 g cm > was calculated using the
empirical formula and unit-cell parameters
obtained from single-crystal X-ray diffraction
(XRD) data. Density measurements could not be
performed due to the extreme paucity of pure
material. Geschieberite exhibits strong fluores-
cence (yellowish green) under both shortwave and
longwave UV radiation.

In thin fragments in plane-polarized transmitted
light, geschieberite is nearly colourless and
exhibits no apparent pleochroism. Optically,
geschieberite is biaxial (=), with B = 1.596(2)
and vy = 1.634(4) (measured at 590 nm) and a
partially determined optical orientation is X = a.
These two indices of refraction were measured on
thin {100} cleavage fragments. Due to incomplete
optical data the Gladstone-Dale compatibility
index (Mandarino, 1981) could not be calculated.
The nyean value calculated from the Gladstone-
Dale compatibility index is 1.53 (for ideal
compatibility).

Chemical composition

The chemical composition of geschieberite
(Table 1) was determined using a Cameca
SX100 electron microprobe (wavelength

Physical and optical properties

Fic. 1. Massive crystal aggregate of geschieberite (light
green), with gypsum (whitish). Field of view is 3.0 mm
(photo P. Skacha).

Geschieberite occurs in a bright green, compact
crystalline aggregates (Fig. 1). This crusty aggre-
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TaBLE 1. Results of WDS analyses (wt.%) of

geschieberite.

Mean (n = 7) Range SD
Na,O 0.23 0.12-0.59 0.17
K,0 14.29 12.90—16.66 1.27
MgO 2.05 1.77-2.52 0.29
CaO 0.06 bdl-0.12 0.04
SO; 27.74 26.82—-28.78 0.74
U0, 49.51 47.23-51.64 1.43
H,O* 6.36
Total 101.16

bdl: below detection limit
* Calculated

dispersive spectroscopy (WDS) mode, 15 kV,
4 nA, 15 pm beam diameter) from seven point
analyses. The following X-ray lines and standards
were used: Ko lines: S (SrSOy), Ca (fluorapatite),
Mg (Mg,SiO,), K (sanidine), Na (albite); MP
lines: U (uranophane). Peak counting times were
10—20 s and the counting time for background
was 50% of that of the peak. Measured intensities

were processed for matrix effects using the ‘PAP’
correction routine (Pouchou and Pichoir, 1985).

Analytical results are given in Table 1. The
empirical formula of geschieberite, based on these
results, calculated by stoichiometry obtained from
the crystal structure (12 O atoms per formula unit)
is (K;.72Mgo.29Nag.04Ca0.01)52.06(U0.90802)
(S0.9804)2(H20),. The ideal formula is
Kz(UOz)(SO4)2(H20)2, which requires Kzo
16.38, UO; 49.56, SO; 27.80 and H,O 6.26,
total 100.00 wt.%.

Raman spectroscopy

The Raman spectrum of geschieberite (Fig. 2) was
collected on a Thermo Scientific DXR Raman
Microscope interfaced with an Olympus micro-
scope (objective 50x) in the 50—3500 cm™'
range with ~2 cm ™' resolution. The power of the
frequency-stabilized single-mode diode laser
(532 nm) impinging on the sample was limited
to 3 mW (60 s exposure, accumulation of
20 scans). The spectrophotometer was calibrated
by a software-controlled (Omnic 8) calibration
procedure using multiple neon emission lines
(wavelength calibration), multiple polystyrene
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Fi16. 2. Raman spectrum of geschieberite with assigned vibration regions.
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Raman bands (laser frequency calibration) and
standardized white-light sources (intensity cali-
bration). Spectroscopic manipulation, background
correction and band component analysis, was
undertaken with Omnic 8 software. The inter-
pretation of the spectrum followed the papers of
Nakamoto (1986), Cejka (1999, 2004, 2007),
Niinisto et al. (1978) and Plasil et al. (2010,
2012). For general comparison, the infrared
spectrum of synthetic (NHy4)>,UO»(SO4),-2H,0
(Niinistd et al., 1978) contains the following
absorption bands (in cm™'): 3600 and 3500
(v H,0), 3175 (v5 NH}), 3000sh (v, NH3), 2850
(2v4 NHj), 1990 (v; SO,4), 1620 and 1595
(8 H,0), 1425 (v, NHj), 1205, 1165sh, 1120,
1060, 1020sh (v; SO37), 990 (v, SO37), 924
(v3 UO3Y), 836 (v; UO3Y), 640, 910, 590sh, 580
(v4 SO37) and 470, 455, 435, 425 (v, SO37).

In the structure of geschieberite, there are one
symmetrically unique U®" (in the form of uranyl,
UO3"Y), two symmetrically distinct S®* (in the
form of the sulfate anion, SO3 "), two symme-
trically distinct K" and two structurally non-
equivalent water molecules.

A band at 832 cm ™', with the highest observed
intensity, is attributed to the v; (UO,)*"
symmetric stretching vibration. According to the
relation given by Bartlett and Cooney (1989), the
approximate U—O bond length is 1.78 A A
shoulder at 822 cm ™' may also be related to the v,
(UO,)*" symmetric stretching vibration (with
corresponding U—O bond length of ~1.79 A) or
libration of H,O. For comparison, corresponding
U—O0 bond lengths in geschieberite obtained from
the X-ray data are 1.781(4) and 1.786(4) A (see
structure description below). For the synthetic
analogue studied by Alekseev et al. (2006), the
U—O lengths are 1.760(3) and 1.763(3). No band
related to the v; (UO,)*" antisymmetric stretching
vibration was observed. This is in accordance
with the rule that this vibration is generally active
in infrared and not in Raman. The bands at 270,
250 and 230 cm™' are then attributed to the
doubly degenerate v, (8) (UO,)*" modes.

Bands of medium intensity located at 1216,
1126 and 1008 cm™', as well as those at 992 and
984 cm~', were assigned to the split triply
degenerate v; (SO,)* antisymmetric stretching
vibration and the v; (SO4)*~ symmetric stretching
vibration, respectively. Bands at 652, 606 and
584 cm™ !, and at 470, 456 and 426 cm ! are
assigned to triply degenerate v (8) (SO4)>~
bending vibrations and doubly degenerate v, (J)
(SO4)* bending vibrations, respectively.
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Raman bands with largest stretching energies,
at 3594 and 3506 cm ' (with a weak shoulder at
3280 cm™ ') are attributed to v O—H stretching
vibrations of the hydrogen-bonded H,O mole-
cules. According to the empirical relation
provided by Libowitzky (1999), the corre-
sponding approximate O—H---O hydrogen-bond
lengths lie within the range of ~3.2 and 2.9 A,
respectively. For the synthetic compound, based
on single-crystal XRD data, Alekseev et al.
(20006) inferred hydrogen bonds with lengths of
2.697(5) and 2.933(5) A related to the H,O
molecule within the [UO,(SO4),(H,0)] layers,
and of 2.96(1) A related to the H,O molecule in
the interlayer. Alekseev ef al. (2006) described
hydrogen bonds between terminal oxygen atoms
of SO4 groups and H,0, located within the layer,
and between H,O located in the interlayer and
H,O from the layer (see below). A band at
1816 cm ™' is probably related to an overtone or is
a combination band. No band related to the v, (9)
H,O bending vibration was observed in the
Raman spectrum, which is not surprising due to
the strong fluorescence of the material and,
generally, poor sensitivity of Raman for bending
H—O—H vibrations.

The Raman band observed at 386 cm™' may
correspond to a libration mode of H,O or
V U—Ocquatorial- Very weak bands at ~350 cm !
may be related to the K—O stretching vibrations
(similar to K—O stretching vibrations in zippeite;
Plasil et al, 2010). The bands at the lowest
energies are related to the lattice modes.

X-ray crystallography and structure
determination

Powder XRD data for geschieberite (Table 2)
were obtained from a hand-picked sample using a
PANalytical Empyrean diffractometer equipped
with a PIXcel®® detector, employing CuKa
radiation (45 kV, 40 mA). The Debye-Scherrer
geometry provided by focusing mirror-optics was
used in order to reduce preferred orientation
effects. The data were collected over the range
3—-80°20, with a step size of 0.01° and counting
time of 2 s per step (with accumulation of
20 scans). The positions and intensities of
diffractions were found and refined using a
Pseudovoigt shape function with the High-Score
program (PANalytical B.V., Almelo,
Netherlands). Unit-cell parameters were refined
using least-squares with the Celref program
(Laugier and Bochu, 2004). The theoretical
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TaBLE 2. Powder XRD data for geschieberite from Jachymov.

[re] dobs dcalc [calc h k / Irel dobs dca]c ]calc h k /
100 6.882 6893 8 2 0 0 3 2150 2153 3 6 1 1
1 6.519 643% 1 1 1 0 2 2134 2134 5 6 0 2
7 6.155 6155 10 0 1 1 2 2128 2.127 12 3 2
4 5.789 5768 4 0 0 2 1 2113 2.116 1 4 1 4
53 5.622 5620 100 1 1 1 2 2,098 2005 7 2 1 5
I 5.004 5005 <l 2 1 0 204 6 5 2 2
12 4589 4501 26 2 1 1 4 2054 { 2.052 5.0 3 3
16 4.428 4423 36 2 0 2 3 2031 206 8 3 2 4
1 4255 4295 <1 1 1 2 2 1980 19837 6 3 1 5
3 3.783 378 3 2 1 2 6 19679 19665 12 2 3 3
18 3.681 3682 35 3 1 1 2 19558 19551 7 4 3 1
1 3.629 3639 <1 0 2 0 119256 1925 3 0 0 6
9 3517 3519 16 1 2 0 3018759 18757 6 7 1 1
6 3.447 3446 6 4 0 0 2 18555 18539 5 4 1 5
12 3.403 3400 20 0 1 3 2 18407 18411 2 6 2 2
1 3342 3358 <1 2 0 3 2 18044 18039 3 1 4 0

332 3 4 0 1 2 17641 17630 6 4 3 3
15 3.304 { 3300 27 1 1 3 1 17473 17479 5 5 2 4
4 3.113 315 7 4 1.0 1 17325 17352 3 0 4 2
14 3.079 3078 24 0 2 2 51727 17232 1 8 0 0
3 3.049 3049 7 2 1 3 2 17183 17193 3 5 1 5
17 3.006 3004 27 1 2 2 2 17039 17041 4 7 1 3
9 2.958 2058 20 4 0 2 2 16896 16917 1 3 4 0
9 2.889 2884 19 0 0 4 1 16830 16871 6 1 2 6
2 2.853 2853 6 3 2 0 1 16728 16718 5 0 3 5
3 2810 2810 8 2 2 2 3 16605 16594 2 8 1 1
5 2.739 2733 8 3 1 3 6 16519 16510 5 6 3 1
3 2.665 26600 7 2 0 4 2 16467 16504 1 2 2 6
1 2598 2596 <1 1 2 3 2 16244 16247 4 2 3 5
2 2.558 2557 5 3 2 2 1 1611l 16112 2 6 2 4
5 2517 2516 10 5 1 1 1 16067 16072 2 0 1 7
1 2.495 2502 1 4 2 0 1 15960 15964 3 1 1 7
6 2375 2374 11 0 3 1 1 15581 15574 2 8 2 0
11 2297 2298 7 6 0 0 2 15304 15304 4 6 3 3
6 2247 2245 14 2 3 1 3014859 1484 2 9 1 |1
5 2233 2230 11 1 2 4 I 14366 14363 2 1 5 1
4 2.176 202 7 1 15

pattern, used for indexing the experimental
dataset, was calculated from the structure data
using PowderCell (Kraus and Nolze, 1996). Unit-
cell parameters of geschieberite refined from the
powder diffraction data are a = 13.786(5), b =
7.278(3), ¢ = 11.536(4) A, V= 1157.4(7) A*.

A 0.188 mm x 0.109 mm x 0.093 mm crystal
fragment was used for the collection of structure
data on an Oxford Diffraction Gemini single-
crystal diffractometer. Graphite-monochromatized
MoKo radiation (A = 0.71073 A) from a
conventional sealed X-ray tube, collimated with
a fibre optics Mo-Enhance collimator was detected
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with an Atlas CCD detector. Correction for
background, Lorentz effect and polarization was
applied to the data during reduction in the Crysalis
package (Agilent Technologies 2014, Oxford,
UK). A Gaussian correction for absorption was
performed, combining the correction for crystal
shape and the empirical correction utilizing
Jana2006 (Petticek et al., 2014). The correction
led to the internal R factor of the dataset = 0.0362.
Crystallographic details, data collection and
refinement parameters are given in Table 3.

The structure was solved independently of
previous structure determinations (Niinistd et al.,

https://doi.org/10.1180/minmag.2015.079.1.16 Published online by Cambridge University Press


https://doi.org/10.1180/minmag.2015.079.1.16

J. PLASIL ET AL.

1979; Alekseev et al, 2006) by the charge-
flipping algorithm (Oszlanyi and Siito, 2004,
2008; Palatinus, 2013) implemented in the
Superflip program (Palatinus and Chapuis,
2007). The model obtained from the structure
solution was refined by the full-matrix least-
squares algorithm of the Jana2006 program
(Petiigek et al., 2006, 2014) based on F>.
Systematic absences and the structure solution
by Superflip (Palatinus and van der Lee, 2008)
indicates the centrosymmetric space group Pnam.
However, in accordance with the results by
Alekseev et al. (2006), the structure refinement
confirmed the non-centrosymmetric Pna2; space
group. The refinement carried out in the
centrosymmetric choice (Pnam) led to a signifi-

cantly worse result (R = 10%) and was unstable;
not all the O atoms could be refined in this setting.
The possible solution in the acentric space group
was investigated and inversion twinning was
introduced into the refinement, giving the ratio
of the racemate of 0.48(2) (Table 3). Nearly all
atoms were found by the structure solution, but
several O atoms of the SO, groups and H,O
molecules were located from difference Fourier
maps. The U, S and K sites were refined with
anisotropic displacement parameters, but the O
atoms were refined using isotropic displacement
parameters. We note that H atoms can, to some
extent, be localized from the difference Fourier
maps, but we are convinced that the refined H
positions are not reliable and are related to some

TABLE 3. Summary of data-collection conditions and refinement parameters for geschieberite.

Structural formula
Unit-cell parameters

V(A%

Z

Space group

Deate. (g Cm73)

Temperature

Wavelength (A)

Crystal dimensions (mm)

Limiting 6 angles (°)

Limiting Miller indices

No. of reflections

No. of unique reflections

No. of observed reflections (criterion)
Absorption correction (mm™'), method
Tmin/ T max

Completeness to 28.50° Ry

Fooo

Refinement by Jana2006 on F*
Param. refined, constraints, restraints
Ry, wR, (obs)

Ry, WR; (all)

Gof (obs, all)

Weighting scheme

Absolute structure

Flack parameter

Apmin, Apmax (e Ai})

Twin matrix

K5(UO,)(S04)2(H20)>
a = 13.7778(4) A
b =727092) A
¢ = 11.5488(3) A

1156.92(6)
4
Pna2,
3.296
30002) K
MoKa, 0.71075
0.19x0.11 x0.09
2.96—29.39

—17<h<18 -9< k<9 -14<I1<15

16,670
2901
2402 [I > 3o(D)]
15.16, gaussian
0.149/0.423
0.94, 0.0362
1032

95,0, 1
0.0282, 0.0648
0.0346, 0.0681

1.53, 1.46

/(1) + 0.00047%)
1332 Friedel pairs
0.48(2)
—1.64, 2.33

-1 0 0
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artifact in the data — the difference electron
density might arise from undescribed absorption
effects or the contribution of the weak split-
crystal domain, which is probably present.
However, the refined twin fraction is unreliable,
having a similar order to the experimental error
from the refinement. Therefore we present here
the structure model without H atoms. The final
refinement for 105 parameters converged to R =
0.0282, wR = 0.0648 for 1882 observed reflec-

tions with Gof = 1.43. Atom coordinates and
displacement parameters are listed in Table 4.
The bond-valence analysis (after Brown, 1981,
2002), based on refined interatomic distances
(Table 5) is provided in Table 6. The crystallo-
graphic information file (CIF) and the structure
factors list have been deposited with the Principal
Editor of Mineralogical Magazine and are
available from www.minersoc.org/pages/
e_journals/dep_mat_mm.html.

TABLE 5. Selected interatomic distances (in /f\) for geschieberite.

U1-01’ 2.517(4) S1-02 1.499(13)
Ul-02 2.337(11) S1-05' 1.471(11)
Ul-03 2.331(12) S1-07 1.427(13)
Ul-04_ 2.362(12) S1-09 1.454(11)
U1-05" 2.344(12) <§1-0> 1.463
U1-011 1.770(4)
U1-012 1.779(4) $2-03 1.493(12)
<U—-0yp,> 1.775 S2—-04" 1.524(11)
<U—0,> 2.378 S2—-08 1.463(12)
S2—-010 1.470(11)
<82-0> 1.488
K1-03" 2.780(13) K2-02" 2.810(13)
K1—-04" 2.841(12) K2-05" 2.915(13)
K1-06 2.712(16) K2—-06™" 2.742(16)
K1-07 2.759(13) K2—-07" 2.721(14)
K1-08" 2.777(13) K2-08 2.744(12)
K1—09" 2.804(10) K2—-010" 2.767(10)
K1-010Y 2.887(14) <K2—-0> 2.78
<KI1—-0> 2.79
01-02"i 2.779(19) 03-011" 2.899(15)
01-03™ 2.619(19) 03-012"" 2.875(15)
01-06" 2.977(6) 04-05" 2.858(13)
01-09* 2.701(16) 04—-08™" 2.489(14)
01-010* " 2.917(16) 04—010* 2.479(16)
o1-o11vi H 2.888(5) 04-012 2.931(13)
02-04 2.82(2) 05-07 2.366(15)
02051 2.386(15) 05-091 2.343(16)
02—-07 2.463(18) 05-011™ 2.903(13)
02—-09 2.355(16) 05-012"" 2.918(13)
02-012 2.945(15) 06—011%v 1 2.950(6)
03-04" 2.344(15) 06—012% 1 3.490(6)
03-05 2.92(2) 07-09 2.403(15)
03-08 2.380(17) 08—010 2.405(14)
03-010 2.466(16)

Symmetry codes: (i) —x+1/2, y+1/2, z—1/2; (i) —x, —y, z+1/2; (iii) x+1/2, —y—1/2, z;
@iv) x, y—1, z; (v) x, y+1, z; (vi) x—1/2, —y+1/2, z; (vii) —x, —y, z—1/2; (viii) —x+1/2,

y—1/2, z+1/2; (ix) x+1/2, —y—1/2, z+1; (X) x, y—1, z+1; (xi) —x, —y—1, z+1/2; (xii) x+1/2,
—y+1/2, z; (xiil) x—1/2, —y—1/2, z; (xiv) x—1/2, —y+3/2, z.
H — most probably corresponding to the H bonds.
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TABLE 6. Bond-valence analysis for geschieberite.

U S1 S2 Kl K2 >BV Assignment H"
ol 0.40 0.40 H,0 2%0.8
02 0.56 1.40 0.16 2.12 6}
03 0.57 1.42 0.17 2.16 0
04 0.54 131 0.15 2.00 6}
05 0.56 1.51 0.12 2.19 0
06 0.21 0.19 0.40 H,0 2%0.8
07 1.70 0.18 0.20 2.08 6}
08 1.55 0.17 0.19 1.91 0
09 1.58 0.16 0.18 1.92 o*
010 1.52 0.13 1.65 o* +2x0.2
011 1.72 1.72 o +0.2%
012 1.69 1.69 o= +2%0.2
BV 6.04 6.19 5.80 1.17 1.04

Values are given in valence units (vu). BV = sum of bond valences incident at the atomic site. H™ — contribution by
corresponding H bonds (in vu). U*"—O bond-valence parameters (ro = 2.045, b = 0.51) taken from Burns et al.

(1997); K'—0O and S*—0 bond-valence parameters taken from Brown and Altermatt (1985).* Anions act as
acceptors of the bond valence by H bond contribution. “Corresponds to the weak H bond between 06 and O12 (2.6 A

~0.12 vu).

Description of the crystal structure

The structure of geschieberite (Fig. 3a) contains
one U, two S, two K, 12 O and four H atom sites
in the asymmetric unit. The structure of
geschieberite is the same as that reported for the
synthetic compound K,[(UO,)(SOy4),
(H,0)](H,0) by Niinistd et al. (1979) and
Alekseev et al. (2006). The U site is occupied
by U®" (Table 4), coordinated by seven ligands
forming a squat pentagonal bipyramid, with

observed bond distances typical for [7]-coordinate
U®" (Burns et al., 1997). The S site is
[4]-coordinated by O atoms forming a quite
regular tetrahedron. Uranyl pentagonal bipyra-
mids, water molecules and sulfate tetrahedra link
to form a uranyl sulfate sheet of composition
[(UO,)(SO4)»(H,0)]*". These sheets are based on
the protasite anion topology (Burns, 2005) in
which wuranyl pentagonal bipyramids are
connected by sharing vertices with sulfate

F1G. 3. (a) Crystal structure of geschieberite viewed along ¢. Uranyl sulfate sheets are stacked perpendicular to a, and
between them, K cations and a H,O group are localized, providing a link between adjacent sheets. UO- bipyramids
are blue, SO, are yellow, K atoms are violet, O atoms are red. Unit-cell edges are outlined by a solid black line.
(b) Overlap of the misoriented SO, groups viewed along a.
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tetrahedra, such that each bipyramid and each
tetrahedron is four-connected within the sheet
(Fig. 4). The free vertex of the uranyl pentagonal
bipyramid, which is not involved in the linkage
between pentagonal bipyramids and sulfate
tetrahedra, is occupied by an H,O molecule. The
corresponding H bonds extend the inter-sheet
linkage (Fig. 4). The sheets are stacked perpendi-
cular to a (Fig. 3a). The two K atoms are
localized in the interlayer between the sheets
along with the remaining H,O group. The
[7]-coordinate K1 site and the [6]-coordinate K2
site serve to link adjacent sheets (Fig. 3a). The
lack of a centre of symmetry is driven by
misorientation of the SO, tetrahedra of the
adjacent layers (Fig. 3b) (Alekseev et al., 2006).
The structural formula of geschieberite, obtained
from the refinement and bond-valence analysis
(Table 4), is K>[(UO,)(SO4),(H,0)]1(H,0), Z = 4.

Topological relations

Structural units of the same composition,
[(UO,)(SO4)»(H,0)]*", as are present in geschie-
berite and in its synthetic analogue, were found by
Ling et al. (2010) in the synthetic compound with
the same structural formula, K,[(UO,)(SOy4),
(H,0)](H,O) (but with Z = 8). However, this
compound crystallizes in space group Cmca, and
the structural units are infinite chains of
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FiG. 4. The uranyl sulfate sheet in geschieberite viewed along a, with proposed hydrogen bonds within the sheet.

polyhedra, rather than sheets. This is the result
of the depolymerizing action of H,O groups
located at the vertex of the uranyl pentagonal
bipyramid that alternate along the chain.

The structural sheet present in geschieberite is
topologically related to those occurring in the
minerals leydetite, Fe(UO,)(S0,4),(H,0);; (Plasil
et al., 2013a) and wetherillite, Na,Mg(UO,),
(SO4)418H,0 (IMA 2014-044).
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