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Vandermeerscheite (IMA2017-104), K,[(UO,),V,0,]-2H,0, is a new uranyl-vanadate mineral from the Schellkopf quarry,
Eifel, Germany. The new mineral occurs in cavities of volcanic rocks, mostly growing on phillipsite-K. It forms rosette-
like aggregates of thin blades up to 50 um long. Crystals are flattened on {101}, and elongated on [101], with crystal
forms {010}, {101} and {111}; crystals are transparent with a vitreous luster. Vandermeerscheite is non-fluorescent
under both long- and short-wavelength ultraviolet radiation. The Mohs hardness is ~2. The calculated density is 4.502
g-cm™ based on the empirical formula; 4.507 g-cm™ for the ideal formula. Vandermeerscheite dissolves easily in dilute
HCI at room temperature. The new mineral is biaxial (-), with a = 1.83 (calc.), p = 1.90(1), y = 1.91(1) (measured in
white light at 22 °C). The measured 2V is 40(10)° estimated from conoscopic observation of interference figure; disper-
sion is moderate r < v. No pleochroism was observed. Optical orientation is X= L {101}, Y= [101], Z=b. The empiri-
cal formula of vandermeerscheite (on the basis of 14 O apfu) is (K, .Ca  Na ); o[(U, 1,50,),V, 4,01 2H,0. Raman
spectrum is dominated by the vibrations of UO,*" and VO, units. Vandermeerscheite is monoclinic, P2 /n, a = 8.292(2),
b=8.251(3),c=10.188(3) A, p=110.84(3)°, V= 651.4(4) A3, and Z = 2. The seven strongest powder X-ray diffraction
lines are [d, , A (I, %) (hkl) ]: 7.49 (100) (T01), 4.147 (22) (020), 3.738 (32) (202), 3.616 (20) (121), 3.254 (31) (112,
121), 3.132 (21) (122, 022), 2.989 (41) (211, 013). The crystal structure of vandermeerscheite was refined from the
single-crystal X-ray data to R = 0.0801 for 644 independent observed reflections, with /> 3o(/). The structure, which
differs from carnotite in symmetry, is based upon uranyl vanadate sheets of francevillite topology; in the interlayer, there
are K* cations and H,O groups that provide inter-sheet linkage. The new mineral honors Belgian amateur mineralogist
and famous mineral photographer Eddy Van Der Meersche, who discovered the new mineral.
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1. Introduction

Uranyl-vanadate minerals are relatively insoluble over a
range of pH conditions (circumneutral and alkaline) and
they are quite abundant in Colorado Plateau-type U-V
deposits, as well as in the mine and mill tailings (Evans
and Garrels 1958; Dahlkamp 1993; Spano et al. 2017,
Kampf et al. 2019). The most well-known and abundant
of these is carnotite, K (UO,),(V,0,):nH,O (where n
is usually given in the range 1-3). Here we describe a
new mineral from Schellkopf, Eifel (Germany), vander-
meerscheite, K [(UO,),V,0,]-2H,0, which is chemically
closely related to carnotite.

Vandermeerscheite is named in honor of prominent
Belgian amateur mineralogist, mineral collector and
distinguished mineral photographer Eddy Van Der
Meersche (born 1945) living in Ghent, Belgium. He has
long been convinced that this rarely found carnotite-
related mineral from Schellkopf — first noted in 1983

by Hentschel and investigated in 1993 by Piret and
co-workers — is a new species and provided us with
specimens for a new, detailed study. This new mineral
description is based on three cotype specimens depos-
ited in the collections of the Natural History Museum
of Los Angeles County, 900 Exposition Boulevard, Los
Angeles, CA 90007, USA, catalogue numbers 67260,
67261 and 67262. The new mineral and the name have
been approved by the International Mineralogical As-
sociation (IMA2017-104).

2. Occurrence

The new mineral was found in the quarry at Schellkopf
near Brenk, Eifel, Rhineland-Palatinate, Germany. The
quarry is located in a ¢. 380,000 year-old phonolitic
dome, composed of dense porphyric selbergite that de-
forms strata of Devonian shales (Cruse 1986; Meyer
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1988). In the massive and fine-grained rock, rich in po-
tassium, phenocrysts of nosean are abundant. Sanidine,
leucite and titanite are less common. The supergene
mineralization is partly pneumatolytic, but mostly hydro-
thermal, and is located in small vugs. The vug walls are
mostly covered with zeolites (most commonly “phillip-
site”, frequently gonnardite intergrown with paranatrolite
and occasionally analcime, gismondine-Ca, chabazite-Ca
and thomsonite-Ca). Calcite occurs in various habits.
White spheres composed of curved zeophyllite crystals
also occur frequently. Ettringite, sometimes partially
transformed into thaumasite, can be found. The quarry
is the type locality for brenkite (Hentschel et al. 1978).
Fluorite occurs as greyish worm-like aggregates. Van-
dermeerscheite was found in the cavities growing on

Fig. 1 Vandermeerscheite crystals on “phillipsite—K”. Cotype specimen.
Width of the photograph is 0.8 mm.
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Fig. 2 Typical rosette-like aggregate of vandermeerscheite crystals on
“phillipsite—K” crystals. Back-scattered electron image (photo by E. Van
Der Meersche and Herman Goethals).

phillipsite-K (Fig. 1) and, rarely, on fluorite. Sometimes
it forms also as inclusions in calcite.

3. Physical and optical properties

Vandermeerscheite occurs in crystals, which are thin
blades up to 50 um long, forming sub-parallel and
divergent aggregates (Fig. 2). Crystals are flattened on
{101}, and elongated on [101], with the crystal forms:
{010}, {101} and {111} (Fig. 3). Crystals are transpar-
ent with a vitreous luster. The mineral has a yellow
streak. Vandermeerscheite is non-fluorescent under
both long- and short-wavelength ultraviolet radiation.
The Mohs hardness is about 2. Crystals are brittle with
perfect cleavage on {101} and have curved fracture.
The calculated density is 4.502 g-cm™ based on the
empirical formula; 4.507 g-cm for the ideal formula.
Vandermeerscheite dissolves easily in dilute HCI at
room temperature.

Optically, vandermeerscheite is biaxial (-), with a =
1.83 (calc.), p = 1.90(1), y = 1.91(1) (measured in white
light at 22°C). The measured 2V is 40(10)° estimated
from conoscopic observations of the interference figure;
dispersion is moderate » < v. No pleochroism was ob-
served. Optical orientation is X = L {101}, Y = [101],
Z = b. Note that X is perpendicular to the thin direction
of the tiny blades, making o impossible to measure; con-
sequently, it was calculated from B, y and 2/.

111
111

010

/

Fig. 3 Crystal drawing of vandermeerscheite; clinographic projection
in nonstandard orientation, [101] vertical.
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Tab. 1 Chemical composition (in wt. %) for vandermeerscheite

Constituent Mean Range Stand. Dev. Probe Standard
Na,O 0.13 0.01-0.26 0.08 albite

K,0 9.85 8.99-10.26 0.40 sanidine

CaO 0.30 0.21-0.43 0.06 fluorapatite
V,0, 20.30 19.40-20.30 0.61 ScVOo,

Uo, 64.41 61.79-66.41 1.49 parsonsite
H,0* 4.04

Total 99.03

* as determined from crystal structure
4. Chemical composition

A crystal aggregate of vandermeerscheite crystals was
analyzed (Tab. 1) using a Cameca SX100 electron mi-
croprobe (Masaryk University, Brno), operating in WDS
mode with an accelerating voltage of 15 kV, beam cur-
rent of 2 nA, and a 5 um beam diameter. The following
X-ray lines and standards were used: K lines: Na (al-
bite), K (sanidine), Ca (fluorapatite), V (synth. ScVO,);
M line: U (parsonsite). Other likely elements, such as Si,
AL S, P, K, V and F were also sought, but their contents
were below the detection limits (~0.05-0.15 wt. % with
the analytical conditions used). The peak counting times
(CT) were 10 or 20 s and the counting time for each
background was 50 % of the peak CT. The raw data were
reduced using the X—¢ matrix correction routine (Merlet
1994). As insufficient material is available for the direct
determination of H,O, it has been calculated based on the
results of the structure refinement (based on: U + V =4
apfu and O = 14 apfu).

The empirical formula on the basis of 14 O apfu is
(Kl 570 05N 3, 04)21.96[(U1 005 z) V199 5] 2H,0. The ideal
structural formula is K,[(UO,),V,0.]-2H O which re-
quires K,0 10.65, UO3 64.70, V205 20.57, H,0 4.08,
total 100 wt. %. The Gladstone-Dale compatibility,
1 - (KP/KC), for vandermeerscheite is —0.020 (excel-
lent), using the ideal formula,

utilizing a 633 nm laser. Spectral calibration was done
on Ne-emission lines using a low-pressure Ne-discharge
lamp.

There were no bands of significant intensities ob-
served in the region of O-H stretching vibrations. A
very weak band at 1605 cm™' may be assignable to the
v, (6) H-O-H bending vibration of H,O and those at
1463 and 1072 cm! are most probably overtones or
combination bands. A medium strong band at 970 cm!
is attributed to the v, VO, symmetric stretching vibra-
tion of VO, dimers. Similar bands were observed in the
spectra of carnotite (975 cm™) and francevillite (976
cm™') (Frost et al. 2005). A medium strong band at 820
cm! is attributed to the v, UO,*" symmetric stretching
vibration. Some bands in the Raman spectrum of car-
notite and francevillite (Frost et al. 2005) observed in
the range from 950 to 850 cm™' were assigned to the v,
UO,* antisymmetric stretching vibrations; however,
this IR-active vibration remains Raman inactive in
the case of vandermeerscheite. The U-O bond length
in uranyl inferred from the v, UO,*" is approximately
1.79 A (Bartlett and Cooney 1989). This value is in
line with that obtained from the structure (1.77 A)
and the most frequent value for the uranyl in UO,
polyhedra given by Lussier et al. (2016). The band of
highest intensity at 745 cm™' is related to the v, or v,
VO, stretching vibrations (Frost et al. 2005). A weak
band at 645 cm™! may be attributed to libration modes
of H,O or to the v V,0, stretching modes. Bands at 570
cm (medium strong), 533 (weak) and 475 cm™! (weak)
are assigned to the v U-O, . vibrations. Bands at 409
(very weak), 375 (medium strong) 344 (medium strong)
and 306 cm! (medium strong) are connected with the
8 V,0, bending modes. A weak band at 231 cm™ is con-
nected with the doubly degenerate v, (5) UO,*" bending
vibrations. Bands of low intensity at 198, 181, 166 and
118 cm™ are assignable to phonons.

and —0.023 (excellent) using
the empirical formula, where
k(UO,) = 0.134, as provided by
Larsen (1921).

5. Raman spectroscopy

Intensity

The Raman spectrum of vander-
meerscheite (Fig. 4) was col-
lected on Jobin—Yvon Labram
HR, using a grid of 600 lines/
mm, 100x objective lens and
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Fig. 4 Raman spectrum of vandermeer- 4000 3500
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Tab. 2 Powder X-ray data (d in A) for vandermeerscheite

with whole pattern fitting are

I d. L. kK . d. a1 nki as follows: a = 8.336(4) A,
100 7.49 7.4455 100  T01 20699 2 402 Ié :_8'121%2(7452(‘?)»00 :V19.26 1549(43)(‘;’
5 6.27 6.2355 9 011 2.0628 2 040 : > :
12 20532 { A3 Z=2.
5 5.64 5.6487 5 110 2.0480 8 213
55277 3 T11 20146 4 114
51761 5 101 5 20068 { 19933 3 i4 o 7 Single-crystal X-ray
5 4.78 4.7607 7 002 1.9879 3 141 diffraction
5 4.41 4.3847 4 111 1.9859 5 411
22 4147 41255 22 020 12 19672 19588 6 215  The single-crystal X-ray study
8 3.895 38748 9 200 0 19351 { 19438 3 413  was d01.1e on a Rigaku. Supgr-
32 3.738 37228 27 202 ) 19370 4 312 Nova diffractometer with mir-
3.7002 7 211 1.9162 5 141 ror-monochromatized MoK
20 3.616 3.6086 21 T21 12 1.9026 { 19017 2 T42 radiation (A =0.71073 A) from
3503 3 210 18927 4 042 amicrofocus X-ray source de-
33904 2 T03 18829 4 330 tected by an Atlas S2 CCD
32487 22 112 11 1.8714 { 1.8674 2 134 detector. Integration of the
31 3.254 { 32261 8 121 1.8614 3 704 data, including corrections for
31585 7 T22 18555 4 o015 background, polarization and
21 3.132 { 177 15 022 4 1.8461 { 1.8501 5> 72, Lorentz effects, was carried
29933 20 211 18208 2 240 out with the CrysAlis RED
41 2.989 { 20622 26 013 5 1.8107 { 18043 3 734, Dbrogram. The absorption cor-
rection was finalized in the
o 28 a8ad T 3 20 6 1.7714 { 773 E %% Jana2006 program (Petficek
10 2.776 2.7638 12 32 2 1.7622 3 143 et al. 2014). The structure of
27528 2 301 5 17409 17389 4 il ' vandermeerscheite was solved
7 2.649 2.6423 6 031 6 L7113 { 1.7157 2 325 by the charge-flipping algo-
4 2607 { 261934 123 17134 2 10 > rithm using the SHELXT pro-
2.5919 2 130 5 16852 { 1.6967 5 424 gram (Sheldrick 2015) and
25750 3 312 Le762 3 233 gubsequently refined by the
. 5 488 { 2.4818 3 303 8 1.6579 1.6577 4 13 4 least—squares algorithm of the
246523 310 9 1.6366 { 16427 2 116 Jana2006 software based on
T { 24307 4 T14 Le4te 6 431 F2 Diffraction frames indicated
24288 3 131 1.6262 2 235  the presence of a split crystal
23995 2 132 5 1.6200 { 1.6251 2 3512 component; it had to be taken
22898 2 321 1.6244 3 224 into account during the re-
5 2179 21705 4 132 16137 2 332 finement process in Jana2006.
§ 2129 21267 6 323 16053 2 316  The structure was refined in
21096 4 7224 > 15936 { 15864 3 343 the centrosymmetric mono-
B 20l { 20891 7 231 4 15700 15656 3 035 clinic space group P2,/n. The
20785 5 033 structure solution located all

Only calculated lines with /> 1 are shown

6. Powder X-ray diffraction

X-ray powder diffraction data were recorded using a
Rigaku R-Axis Rapid II curved imaging plate micro-
diffractometer with monochromatized MoK radiation.
A Gandolfi-like motion on the ¢ and ® axes was used to
randomize the sample. Observed d values and intensi-
ties were derived by profile fitting using JADE 2010
software. Data are given in Tab. 2. Unit-cell param-
eters refined from the powder data using JADE 2010

non-hydrogen atoms, except
of those of the H,O sites in the
interlayer that were later located from the difference-
Fourier maps. All sites were assigned full occupancies.
The H atoms locations could not be found in the differ-
ence Fourier maps. Data collection and refinement de-
tails are given in Tab. 3, atom coordinates, displacement
parameters and bond-valence sums in Tabs 4 and 5, and
selected bond distances in Tab. 6. The bond-valence
analysis was done using the DIST option in Jana2006
utilizing bond-valence parameters given in Burns et al.
(1997) and Gagné and Hawthorne (2015). The crys-
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tallographic information file
(cif) for vandermeerscheite is
provided as Supplementary ma-
terial and can be downloaded
from http://dx.doi.org/10.3190/
jgeosci.288.

7.1. Description of the
crystal structure

The structure of vandermeer-
scheite contains one U, one
V, one K and seven O sites in
the asymmetric unit (Fig. 5a).
The Ul site is linked to seven
ligands, two O atoms with short
U=O0 bonds (forming the uranyl
ion, UO,*) and five O atoms
that are positioned in the equa-
torial plane of a squat pentago-
nal UO, bipyramid. The V1 site
is linked to five O atoms form-
ing quite regular VOj tetragonal
pyramid; two VO, pyramids,
related by symmetry, share an
edge, resulting in V,O, dimers.
The sheet (Fig. 5b), comprised
of a mosaic of pairs of edge-
sharing UO, bipyramids and
edge-sharing VO, pyramids, is
of the well-known francevillite
topology (Burns 2005; Lussier

et al. 2016; Spano et al. 2017). Sheets are stacked paral-
lel to {10T}. In the interlayer, are located the K* cations
and a single O site corresponding to a H,O molecule,

based on the bond-valence cal-
culations (Tab. 4). Adjacent
sheets, with interplanar distance
of 7.45 A, are linked by K-O
bonds and hydrogen bonds. The
structural formula of vander-
meerscheite obtained from the
refinement is K,[(UO,),V,0O,]
(H)0),, Z=2.

8. Discussion

8.1. Status of carnotite

Vandermeerscheite resembles
chemically carnotite, ideally
K,(UO,),(V,0,)-3H,0, the crys-
tal structure of which remains

Tab. 3 Data collection and structure refinement details for vandermeerscheite

Formula

Crystal system

Space group

Unit-cell parameters: a, b, ¢ [A]

B Il

Unit-cell volume [A?]

Z

Calculated density [g/cm?]

Crystal size [mm)]

Diffractometer

Temperature [K]

Radiation, wavelength [A]

0 range for data collection [°]
Limiting Miller indices

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

Unique reflections

Unique observed reflections, criterion
Absorption coefficient [mm™'], type

min' ~ max

Data completeness from 0 (%), R, ,

Structure refinement

No. of param., restraints, constraints
R, wR (obs)

R, wR (all)

GOF obs/all

Weighting scheme, weights

Largest diffraction peak and hole (e /A%)

Twin matrix; twin fractions

Kz[(Uoz)zvzox](HZO)z
monoclinic
P2 /n
8.292(2), 8.251(3), 10.188(3)
110.84(3)
651.4(4)
2
4.508 (for the abovementioned formula)
0.053x0.022x0.005
Rigaku SuperNova with Atlas S2 CCD
297
MoK, 0.71073 (50 kV, 40 mA)
3.61-22.67
h=-10—10, k=-7—10,1=-12 — 10
®, 1.0, 400
4090
1474
644, [I> 36(1)]
26.88; spherical + empirical scaling
0.035/0.063
82%, 0.129
Jana2006; Full-matrix least-squares on F?
52,0,0
0.0801, 0.1723
0.1864, 0.2339
1.31, 1.19
o, w =1/(c*(1)+0.0.0035999999%)
10.40 (0.06 A to U1), ~11.72
-1 —0.0243  0.0083

~0.0341 1 0.0329;0.77(7), 0.23(7)
~0.0088 00143 -1

unknown. Only the structure of synthetic anhydrous
carnotite has been published (Sundberg and Sillen 1949;
Appleman and Evans 1965). Although the structural re-

Tab. 4 Atom coordinates, displacement parameters (A?) and bond-valence sums (in valence units) for

vandermeerscheite

Atom x/a v/b z/c Ueq/ Uk >BV
Ul 0.82153(16) 0.52122(13) 0.81490(15) 0.0250(5) 6.3(2)
Vi 0.6079(8) 0.3542(7) 0.5000(7) 0.029(2) 5.12(19)
K1 0.6875(12) 0.5650(10) 0.1709(11) 0.047(4) 0.93(3)
o1 0.616(3) 0.558(2) 0.600(3) 0.023(5)* 2.04(6)
02 0.660(3) 0.468(3) 0.885(3) 0.036(6)* 2.03(12)
03 0.527(3) 0.154(2) 0.473(3) 0.020(5)* 2.11(11)
04 0.979(4) 0.578(3) 0.745(4) 0.046(7)* 1.98(14)
05 0.764(3) 0.292(2) 0.674(3) 0.031(6)* 1.93(7)
06 0.723(3) 0.377(3) 0.407(3) 0.036(6)* 2.05(17)
o7 0.908(4) 0.733(3) 0.417(4) 0.055(8)* 0.24(1)
Tab. 5 Anisotropic atomic displacement parameters for vandermeerscheite

Atom U U [0 u» U=
Ul 0.0209(7) 0.0296(7) 0.0104(7) —0.0005(5)  —0.0118(5) —0.0018(6)
\%! 0.030(4) 0.031(3) 0.010(3) 0.001(2) -0.012(3) 0.000(2)
K1 0.037(5) 0.061(5) 0.026(6) —0.006(4) —0.008(5) 0.005(4)
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Tab. 6 Selected interatomic distances (A) for vandermeerscheite

8.2. Relations to other

uranyl vanadates

Ul1-01 2.27(2) V1-01 1.95(2) KI1-02" 2.95(3)

U1-02 1.78(3) V1-0fii 1.91(2) K1-02ii 2.75(3)

U1-03! 2.35(2) VI1-03 1.77(2) K1-04" 2.84(3) The powder pattern of van-
Ul1-03 2.372) V1-05 1.86(3) K1-06 2.793) dermeerscheite is very sim-
U1-04 1.76(4) V1-06 1.58(4) K1-06" 2.86(3) ilar to that of synthetic
U1-05 2.32(2) Vi@, > 1.87 K1-07 2.88(3) Ni[(UO,),V,0,]-4H,0 (Borene
Ul-0s' 2.36(2) K1-O7 2.90(3) and Cesbron 1970) (Tab. 7);
<Ul-0,> 1.77 <KI-®, > 2.82 however, the structures are
<Ul-9, > 233 clearly distinct. The regular
01-01i 2.44(3) 02-05 2.97(5) 05-06 2.71(5) octahedral coordination of Ni
01-02 2.89(4) 02-05! 2.85(3) is quite different from the large
01-03ii 2.64(3) 02-07"i 3.00(5) irregular coordination polyhe-
01-04 2.85(3) 03-03* 2.67(3) dron of the K* cation, result-
01-05 2.503) 03-04" 2.95(5) ing in a higher H,O content in
01-05 2.89(3) 03-04 2.92(4) Ni[(Uoz)zszs]'4H20 than in
01-06 2.85(4) 03-05 2353) vandermeerscheite (Fig. 6a-b).
01_067" 2.84(4) 03-06 2.69(4) Vandermeerscheite is yet an-
02-03 2.92(3) 04-05 2.89(3)

other mineral containing the

Symmetry codes: (i) —x+3/2, y+1/2, —z+3/2; (ii) x+1/2, —y+1/2, z+1/2; (iii) —x+1, —p+1, —z+1; (iv) x, y,
z—1; (V) =x+2, —y+1, —z+1; (vi) —x+3/2, y+1/2, —z+1/2; (vii) —x+3/2, y—1/2, —z+1/2; (viii) —x+3/2, y-1/2,

—z+3/2; (ix) —x+1, =y, —z+1; (x) x-1/2, =+1/2, z—1/2.

lationship between vandermeerscheite and fully hydrated
carnotite is not known, the comparison of the available
powder diffraction patterns of natural carnotite samples
(for instance RRUFF file R0O70345; Lafuente et al. 2015)
and the vandermeerscheite pattern shows apparent differ-
ences (Tab. 7).

uranyl-vanadate sheet of the
francevillite uranyl-anion topol-
ogy. There are fourteen min-
eral species (see the overview
in Krivovichev and Plasil 2013 or Spano et al. 2017)
possessing structures based upon this type of sheet; how-
ever, some of these remain poorly defined structurally.
Interestingly, there is a common mistake in the older
literature: the composition of the sheets is expressed as
[(UO,),(VO,),]. While this is formally correct, keeping the

Fig. 5 Crystal structure of vandermeerscheite: a — Viewed down [010]. Uranyl-vanadate sheets (UO, = yellow, VO, = red) alternate interlayer with
K cations (violet) and H,O molecules (red spheres representing O atoms). Unit-cell edges are displayed in black solid line; b — Uranyl-vanadate
sheet of the francevillite topology in vandermeerscheite (UO, = yellow, VO, = red).
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overall stoichiometry, it implies  Tap. 7 Selected data for vandermeerscheite and related minerals and synthetic compounds
the presence of VO, tetrahedra,

which is incorrect. All structures véndermeersmelte carnofite
with francevillite-tvpe sheets reference this work RRUFF, #R070345 (Lafuente et al. 2015)
contain dimers of \318 square Tormula Gdeah  K,[(UO,),V,0,]-2H,0 K,[(UO,),V,0,]-3H,0
R s 84 symmetry Monoclinic, P2 /n Monoclinic, P2 /¢
pyramids, thus V,0, groups. a=18.292(2), b=18.251(3), a=19.2802(9), b = 7.0781(4),
unit-cell parameters ¢ = 10.188(3) A, B = 110.84(3)° ¢ = 5.3805(8) A, B = 96.753(8)°
V=651.4(4) A3 V=17292(1)A3
8.3. Environmental z 2 2
implications 7.49, 100 (To1) 10.11, 100
4.147, 22 (020) 9.78, 90
Uranyl vanadates are environ- :Z:vr;iim 3.738, 32 (202) g4; 6 8300
mentally important products pattern lines 3.616, 20 (121) 4.89. 20
of supergene weathering of 4 1 hki ;?;‘2‘ ;i Eg;(lég 4.19, 50
primary U ores, such as ura- 2080, 41 (211’013) 3.52, 40
ninite. They occur abundant- ’ i
. vandermeerscheite synthetic
ly in Colorado Plateau-type :
U—V deposits (Evans and Gar reference Piret et al. (1993) Boréne and Cesbron (1970)
P formula (ideal) ~ K,[(UO,),V,0,]-~2H,0 Ni[(UO,),V,0,]-4H,0

rels 1958; Dahlkamp 1993).
Probably the most abundant
uranyl vanadate is carnotite,

symmetry Monoclinic Orthorhombic, Pnam
a=10.60, b = 8.25,

unit-cell parameters c=1512 A, V= 1322 A’

K,[(UO,),V,0,]-3H,0. Over a  Z 2 4
range of conditions, it is among 7.47, 100 7.560, 100 (002)
the most insolubl.e U(VI) r.n.in— strongest :;2: 4718 g;é(l)z ii 81(1);
erals. Due to their insolubility, ~ powder 3.61. 30 5530, 37 (200)
uranyl vanadates effectively gatlte;zlhnes 3.27, 60 4.125, 60 (020)
retain uranium in natural sys- Y 3.13, 10 3.985, 25 (113)
tems, where vanadium is pres- 2.84, 10 3.780, 95 (004)

ent. Carnotite is stable in the pH

range of 4.5-8, and the Eh range

of 1.0-0.0 V (Langmuir 1978; Schindler et al. 2000).  notite precipitation from U-contaminated groundwater
For example, the solubility of carnotite in groundwater ~ has been proposed as a potential method for treatment
is very low, having been noted as being approximately =~ and remediation of groundwater and legacy wastes from
1 ppb U in the pH range of 5.5-7.5 (Barton 1958). Car-  mining operations (Tokunaga et al. 2009).

a) b) L

'\I\.
* 2 2

Fig. 6 Configurations of interlayer constituents in the crystal structure of vandermeerscheite (a) and synthetic Ni[(UO,),V,0,]-4H,0 (b). UO, =
yellow, VO, = red, K (violet), O = red, Ni = azure. Unit-cell edges are displayed in black solid line.
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Vandermeerscheite is another uranyl vanadate that
should be considered environmentally important. Its close
chemical similarity to carnotite suggests that some of the
earlier reported occurrences for carnotite, based on EDX
analysis, may, in fact, correspond to vandermeerscheite.
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