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Abstract. Plumbogottlobite (IMA 2025-075), PbMg(VO4)(OH), is a new mineral from the Gliicksstern mine,
Gottlob Hill, Friedrichroda, Gotha District, Thuringia, Germany; it is a late-stage, low-temperature hydrother-
mal mineral occurring on baryte and hausmannite. Plumbogottlobite forms orange-brown tablets up to about
0.2 mm in diameter. The mineral has a light-orange-brown streak, adamantine lustre, a Mohs hardness of ~4
to 4.5, brittle tenacity, irregular to conchoidal fracture, no cleavage, and a calculated density of 5.359 gecm™3.
Optically, plumbogottlobite crystals are biaxial (-), with 2V = 84(1)°. The empirical formula from electron
probe microanalyses based on 5 O apfiu is (Pbo.ss0o.11)21.00Mgo.77Cug o Mn 6)51.05(VO4)(OH) (+0.12 H
for charge balance). Plumbogottlobite is orthorhombic with space group Pnma and single-crystal unit-cell pa-
rameters a = 7.6104(7), b = 6.1091(6), ¢ = 9.3968(8) A, V = 436.88(7) A3, and Z = 4. The crystal structure is
refined to Ry = 0.0302 for 429 reflections with />207. The mineral is the Pb analogue of gottlobite and the Mg

analogue of descloizite.

1 Introduction

Pordevi¢ et al. (2016) noted 17 minerals and 12
synthetic compounds with the descloizite—adelite
structure topology and provided the general formula
M 1124 M2+ 34 (OH,0)[ X410+ (04,050H)], where
M1=Nat, Ca?t, Cd>*, Hg>t, Pb>t; M2=Mg>t, AP,
Mn2t:3+, Fe2t, Co?t, Ni2t, Cu?t, Zn?*; and X =Si*t,
P3*, V3*, As>t, Mo®t. Among the minerals are eight
arsenates, seven vanadates, and two silicates. One of the
vanadates, gottlobite, CaMg(VO4)(OH), has only been
found at the Gliicksstern mine, Gottlob Hill, Thuringia,
Germany. In examining apparent gottlobite crystals from the
Gliicksstern mine, we found them to be the Pb analogue of
the mineral, with the ideal formula PbMg(VO4)(OH).

The new mineral is named plumbogottlobite based on it
being the Pb analogue of gottlobite (Witzke et al., 2000).
Note that we chose this name rather than magnesiodescloizite
because the mineral is virtually identical in appearance to

gottlobite and occurs in the same general mineral assem-
blage at the Gliicksstern mine. The mineral and its name
have been approved by the IMA Commission on New Min-
erals, Nomenclature and Classification (CNMNC), proposal
IMA2025-075 (Warr symbol: Pgot). The holotype specimen
is deposited in the collections of the Natural History Museum
of Los Angeles County, 900 Exposition Boulevard, Los An-
geles, CA 90007, USA, catalogue number 77403.

2 Occurrence and associated minerals

Plumbogottlobite was found on the dumps of the Gliicksstern
mine, Gottlob Hill, Friedrichroda, Gotha District, Thuringia,
Germany (50°51’6” N, 10°34'10” E). The Gliicksstern mine
was operated for manganese and iron until its closure in
1855 (Scheven, 1990). The mine is also the type local-
ity for crednerite, CuMnO; (Rammelsberg, 1849); gottlo-
bite, CaMg(VO4)(OH) (Witzke et al., 2000); vésigniéite,
BaCu3(VO4)2(OH), (Guillemin, 1955); and wakefieldite-
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Figure 1. Plumbogottlobite crystals on baryte and hausmannite on
holotype specimen 77403; the field of view is 0.37 mm across.

(La) (Witzke et al., 2008). Plumbogottlobite is a late-stage,
low-temperature hydrothermal mineral occurring on baryte
and hausmannite.

3 Physical and optical properties

Plumbogottlobite occurs as tablets, up to about 0.2 mm in
diameter (Fig. 1). The mineral is identical in appearance to
gottlobite. The tablets are flattened on {001} and exhibit the
forms {100}, {010}, {001}, {110}, {011}, {101}, and {111}
(Fig. 2). No twinning was observed. The colour is orange-
brown, and the streak is light orange-brown. The mineral has
adamantine lustre and is transparent. No fluorescence was
observed in either long- or short-wave ultraviolet illumina-
tion. The Mohs hardness is about 4 to 4.5 based on scratch
tests. The tenacity is brittle, and the fracture is irregular to
conchoidal. The density could not be measured because crys-
tals exceed the density of available density fluids. The density
calculated from the empirical formula and single-crystal unit
cell is 5.359 gcm™3. At room temperature, plumbogottlobite
rapidly decomposes in dilute HCI, forming a white residue,
which slowly dissolves.

Optically, plumbogottlobite crystals are uniaxial (—). The
indices of refraction could not be measured because they are
higher than available immersion liquids. The average index
of refraction calculated from the Gladstone—Dale relation-
ship (Mandarino, 1981) is 2.077. The 2V (meas.) was deter-
mined from extinction data, obtained on a spindle stage in a
liquid of n = 1.78 and analysed using EXCALIBRW (Gunter
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Figure 2. Crystal drawing of plumbogottlobite; clinographic pro-
jection in standard orientation.

et al., 2004), is 84(1)°. The partially determined optical ori-
entation is ¥ = ¢. No pleochroism was observed.

4 Chemical composition

Crystals of plumbogottlobite were analysed at Caltech on
a JEOL JXA-iHP200F field emission electron probe mi-
croanalyser (EPMA) in wavelength dispersive spectroscopy
(WDS) mode (four points). The analytical conditions were
15kV accelerating voltage, 10 nA beam current, and 5 um
beam diameter. Insufficient material is available for the de-
termination of H>O, and so it was calculated based on the
structure (V =1 and O =5). No other elements were detected
in energy-dispersive spectroscopy (EDS) analyses. The crys-
tals did not take a good polish, which provided analyses that
are estimated to be low by about 7.5 %. Consequently, the
analyses have been normalised. Analytical data are given in
Table 1.

The empirical formula (based on 5 O apfu),
with  cations allotted to  structural sites, is
(Pb0.89Mn(2)}L)5 Uo.os)s1 .oo(Mg0.77Cu(2ﬁ9MnéJ64)>: 1.00(VO4)(OH)
(4+0.12 H for charge balance). The simplified formula is
(Pb,Mn,0)(Mg,Cu,Mn)(VO4)(OH), and the ideal formula is
PbMg(VO4)(OH), which requires PbO 61.41, MgO 11.09,
V705 25.02, and H,O 2.48, totalling 100 wt %.

5 Raman spectroscopy

Raman spectroscopy was conducted on single-crystal frag-
ments on a Horiba XploRA PLUS spectrometer using a
532 nm diode laser, 20 5 s accumulations at 2 mW power with
a 100 um slit, a 1800 grooves mm ™! diffraction grating, and a
100x (0.9 NA) objective. The spectrum of plumbogottlobite
from 4000 to 60cm™! is compared with that of descloizite
from Berg Aukas, Namibia (Natural History Museum of
Los Angeles County, catalogue number 68303), in Fig. 3.
Plumbogottlobite is very sensitive to the laser, requiring a
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Table 1. Analytical data (wt %) for plumbogottlobite.

211

Constituent Mean Range SD Standard  Normalised
PbO 5247 51.80-53.41 0.69 PbS 56.48
MgO 8.20 8.00-8.38 0.15 Forsterite 8.82
MnO 1.69 1.58-1.88 0.14 Mn,SiO4 1.81
CuO 3.94 3.60-4.12 024 Cumetal 4.24
V705 2396 23.85-24.06 0.09 V;0;5 25.79
H,O* 2.85
Total 99.99

* Based on the structure (V=1 and O =5).

Table 2. Powder X-ray diffraction data (d in A) for plumbogottlobite (Iggc>1.5).

[ohs dnhs' dcalc Ic:{lc hk]
5914 3 101

53 5115 5122 57 011
20 4.675 4698 27 002
39 4244 4249 37 111
17 3959 3998 16 102
25 3508 3527 22 201
18 3370 3345 15 112
100 3230 3230 100 210
38 3.060 3.055 36 020
2957 3 202

46 2.887 2897 46 103
33 2705 2714 30 121
43 2651 2662 50 212
46 2612 2617 56 113
10 2556 2561 17 022
N 2449 5 301
72434 [2.427 4 122
2418 2 203

2382 3 220

42 2303 2309 39 221
2273 3 311

L2245 12 104
202233 [2.232 7 302
69 2102 2102 42 123
1990 6 031

9 1973 1971 7 303
1925 5 131

13 1.901 1903 12 400
1.876 16 313

20 1869 [ 1862 5 024
1815 3 132

1809 6 124

. . 1802 4 322
381793 1795 22 230
1784 11 411

Jobs obs deale Icale hkl

. . 1764 13 402
25 1755 [ 74s 11 115
1724 3 304

1685 3 205

1677 11 232

55 1.660 [ 1666 15 133
1656 32 323

14 1612 1615 15 420
14 1564 1566 19 125
14 1524 1527 14 040
1510 10 305

12 1.503 [ 1504 5 332
1501 2 324

1475 3 225

1466 5 315

8 1464 [ e 5 511
1453 2 042

1427 3 142

1416 6 333

23 1410 [ 1409 14 216
1402 4 241

1394 2 026

. 1381 2 035

6 1385 [ 1375 5 431
1359 5 135

10 1358 [ 1354 5 325
1351 8 143

9 1341 1336 8 513
1316 2 334

4 1311 [1.311 2 017
1306 2 415

1296 2 341

relatively low power of 2 mW, whereas the descloizite spec-
trum was successfully recorded at 16 mW. The descloizite
spectrum was chosen for comparison because of the min-
eral’s similar composition, PbZn(VO4)(OH), and equivalent
structure.

The spectrum of plumbogottlobite is very similar to that
of descloizite. A broad, weak band is seen in both spec-

https://doi.org/10.5194/ejm-38-209-2026

tra in the OH stretching region. The very weak feature at
about 1550 cm™! is probably an overtone. Between 1000 and
200cm™!, both spectra are dominated by bands related to
the stretching and bending vibrations of the VOy4 tetrahedron.
The mode assignments shown in Fig. 3 are based on Frost et
al. (2001), Martens et al. (2003), and Pordevié et al. (2016).

Eur. J. Mineral., 38, 209-216, 2026
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Table 3. Data collection and structure refinement for plumbogottlobite.

Diffractometer

Rigaku R-Axis Rapid II

X-ray radiation

MoK« (A =0.71075 A)

Temperature

293(2)K

Structural formula

(Pbo.94100.059)(Mgo.700Cug.300)(VO4)(OH) (incl. unlocated H)

Space group

Pnma (no. 62)

Unit-cell dimensions

a=17.61047)A
b=6.1091(6) A
¢ =9.3986(8) A

14 436.88(7) A3
z 4

Density (for above formula) 5.516g cm™3
Absorption coefficient 39.753mm™!
F(000) 632.7

Crystal size

120 x 80 x 60 um

0 range

2.17 to 25.03°

Index ranges

—-9<h<9,-7<I<7,-11<k<l1l1

Refls collected/unique

7391/430; Rip, = 0.142

Reflections with [ >207

429

Completeness to 0 = 25.03°

100 %

Refinement method

Full-matrix least-squares on F' 2

Parameters/constraints

49/0

GoF

1.309

Final R indices [/ >207]

Ry =0.0302, wR, = 0.0754

R indices (all data)

Ry =0.0304, wRy = 0.0755

Note that Riy = | F2 — F2(mean)|/ Z[F2]. GoF = 8 = {S[w(F2 — F2)21/(n — p)}1/2. Ry = S| Fp| — |Fcll/ Z|Fol.
wRy = {S[w(F2 — F221/ S[w(F2* /2, w = 1/[62(F2) + (aP)? + bP], where a is 0, b is 8.134, and P is

[2F2 +Max(F2,0)]/3.

6 Crystallography

6.1

X-ray powder diffraction

are a = 7.599(12), b = 6.118(10), ¢ = 9.394(15) A, and V =

436.7(10) A3.

6.2 Single-crystal diffraction

X-ray powder diffraction data were recorded using a Rigaku
R-Axis Rapid II curved imaging plate microdiffractome-
ter with monochromatised MoK « radiation. A Gandolfi-like
motion on the ¢ and w axes was used to randomise the sam-
ple. Observed d values and intensities were derived by pro-
file fitting using JADE Pro software (Materials Data, Inc.).
The calculated intensities were calculated from the structure,
also using JADE Pro software. Data are given in Table 2.
The unit-cell parameters refined from the powder data us-
ing JADE Pro with whole-pattern fitting (space group Pnma)

Eur. J. Mineral., 38, 209-216, 2026

Single-crystal X-ray studies were also done using a Rigaku
R-Axis Rapid II curved imaging plate microdiffractometer
with monochromatised MoK « radiation. The Rigaku Crys-
talClear software package was used for processing the struc-
ture data, including the application of a numerical absorp-
tion correction. Note that an empirical absorption correc-
tion using the multi-scan method resulted in an almost iden-
tical Rijn. The relatively high Rjy is probably due to the
presence of a small satellite crystal. Useful data could only
be obtained out to 6 = 25°, which accounts for the rela-

https://doi.org/10.5194/ejm-38-209-2026
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Figure 3. The Raman spectra of plumbogottlobite and descloizite recorded with a 532 nm laser.
Table 4. Refined atom coordinates, displacement parameters (Az), and site occupancies for plumbogottlobite.
x/a y/b z/c Ueq Occupancy
Pb 0.12856(7) 0.25 0.17602(6) 0.0178(3) 0.941(12)
Mg 0.5 0 0 0.0132(11)  Mgo.700(17)Cu0.300(17)
\" 0.8639(3) 0.75 0.1905(2) 0.0139(10)
(0]} 0.8737(8) 0.5114(14) 0.2947(8) 0.0196(18)
02  0.0406(13) 0.75 0.0887(11) 0.024(2)
03  0.6856(12) 0.75 0.0719(10) 0.016(2)
OH 0.6501(12) 0.25 0.0724(10) 0.015(2)
Ull U22 U33 U23 U13 U12

Pb 0.0135(4) 0.0255(5) 0.0145(4) 0 0.00020(19) 0.000
Mg 0.0115(15) 0.0149(17) 0.0132(15) —0.0005(12) —0.0013(11) —0.0013(11)
Cu 0.0115(15) 0.0149(17) 0.0132(15) —0.0005(12) —0.0013(11) —0.0013(11)
\% 0.0121(14) 0.0151(16) 0.0147(14) 0 —0.0020(8) 0.000
(0] 0.018(4) 0.020(4) 0.021(3) 0.000(3) —0.003(3) —0.003(3)
02 0.016(5) 0.033(6) 0.023(5) 0 0.004(4) 0.000
03 0.014(5) 0.018(5) 0.015(5) 0 —0.005(4) 0.000
OH 0.015(4) 0.018(5) 0.012(5) 0 0.004(4) 0.000

https://doi.org/10.5194/ejm-38-209-2026
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Table 5. Selected bond distances (A) for plumbogottlobite.

A. R. Kampf et al.: Plumbogottlobite, a new mineral

Pb-OH 2.370(9) | Mg-OH(x2) 2.025(6) | V-02 1.651(10)

Pb-O1(x2) 2471(7) | Mg-O1(x2)  2.156(7) | V-03 1.756(9)

Pb-0O3 2.725(9) | Mg-03(x2) 2.187(7) | V=-01(x2) 1.758(8)

Pb-O1(x2) 2.749(7) | <Mg-O> 2157 | <V-0O> 1.722

Pb-02 2.801(10)

Pb-02(x2) 3.233(3) | Hydrogen bond

<Pb-Oghort> 2437 | OH---02 1.799(13)

<Pb-Ojgppg> 2915

Table 6. Bond valence analysis for plumbogottlobite. Values are expressed in valence units (vu).
Pb (Pbg.94100.059) Mg (Mgo.700Cué_J§00) v H )

Ol  035%2 0192 0.28%2 1.11 1.93
02  0.17,0.06%~ 1.46 0.18 195
03 020 0.26%24—> 1.12x2 1.84
OH 044 0.39%24~> —0.18  1.02
> 2.01 1.86 4.81

Bond valence parameters are from Gagné and Hawthorne (2015). Hydrogen bond valence is based on the
O- - -0 bond lengths from Ferraris and Ivaldi (1988); the negative value indicates donated bond valence.

Figure 4. The structure of plumbogottlobite viewed along [010],
the chain direction. The hydrogen bond is shown as turquoise lines.
The unit-cell outline is shown with dashed lines.

Eur. J. Mineral., 38, 209-216, 2026

tively low data-to-parameter ratio. The structure was solved
in space group Pnma using the intrinsic-phasing algorithm
of SHELXT (Sheldrick, 2015a). SHELXL-2016 (Sheldrick,
2015b) was used for the refinement of the structure. We also
attempted a structure solution and refinement in space group
P2(22, the space group reported for gottlobite by Porde-
vi¢ et al. (2016). The refinement provided approximately the
same final Ry; however, the O4 site in that refinement could
not be refined anisotropically without becoming non-positive
definite (NPD), and checkcif provided a level-B alert, indi-
cating that the correct space group was probably Prnma.

The structure solution in Pnma located all non-hydrogen
sites, which were successfully refined with anisotropic dis-
placement parameters. The occupancy of the Pb site was re-
fined to 0.941(12). This compares reasonably well with the
results of the EPMA, which provided 0.89 Pb apfu; how-
ever, because the EPMA showed an excess of 0.05 cations
assignable to the Mg site, the possibility exists that a small
amount of Mn>* could be hosted in the Pb site. The refined
site-scattering value of 308.64 ¢ for the Pb site is consis-
tent with the site occupancy (Pbg93Mng osCog2). The Mg
site was refined with joint occupancy by Mg and Cu re-
sulting in an occupancy of Mgo 700(17)Cuo.300(17) for a site-
scattering value of 68.40e. If 0.05Mn apfu is assigned to
the Pb site, the empirical formula based on the EPMA has
(Mgo.77Cugj9Mné.J64) in the Mg site, which yields a site-
scattering value of 63.00e. This suggests that the structure
crystal contains less Mg and more Cu and/or Mn than pro-
vided by the EPMA. For example, (Mg0.6gCu(2).J54Mng_J{)S) in
the Mg site would provide a scattering value of 68.48 e. Ef-

https://doi.org/10.5194/ejm-38-209-2026
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Table 7. Selected data for gottlobite, plumbogottlobite, and descloizite.

Gottlobite Plumbogottlobite =~ Descloizite
Formula CaMg(VO4)(OH)  PbMg(VO4)(OH)  PbZn(VO,4)(OH)
Space group  P212;2 Prnma Pnma
Unit-cell a=7.501(4)A a=76104NA a=75932)A
parameters b =9.010(7) A b=6.1091(6)A  b=6.057(D)A
c=59414) A c=9.3968(8) A c=9.416(2) A
V =401.53) A3 V =436.88(6) A3V =433.1(2) A3
Z 4 4 4
Densitya)c 3.46gcm_3 5.359gcm_3 6.202gcm_3
Reference Witzke et al. (2000)  This study Hawthorne and Faggiani (1979)

215

forts to locate the H site were unsuccessful. The data col-
lection and refinement details are given in Table 3, atom co-
ordinates and displacement parameters are given in Table 4,
selected bond distances are given in Table 5, and a bond va-
lence analysis is given in Table 6. The bond valence analysis
(using the refined site occupancies) clearly indicates that OH
is OH—, and all other O sites are O?.

7 Description of the structure

Plumbogottlobite has the same structure as descloizite,
PbZn(VO4)(OH), and other minerals with the descloizite
structure type. It is the Pb analogue of gottlobite and the
Mg analogue of descloizite; selected data are presented in
Table 7. As noted by Dordevi¢ et al. (2016), gottlobite,
CaMg(VO4)(OH), has an adelite-type structure with space
group P212121, which is topologically equivalent to the de-
scloizite structure. Pordevi¢ et al. (2016) noted that most
phases with the descloizite—adelite structure topology that
have the descloizite structure type are lead vanadates.

In the structure of plumbogottlobite, edge-sharing chains
of MgO4(OH), octahedra running parallel to [010] are
corner-linked by VOy tetrahedra to form a three-dimensional
framework. Cavities within the framework host Pb>* cations.
The Pb?t is nine-coordinated, with three short bonds (2.37-
2.47 A) on one side and six longer bonds (2.73-3.23 A) on
the other, clearly showing the 6s? lone-pair electrons of Pb>*+
to be stereoactive. The structure is shown in Fig. 4.

Data availability. Crystallographic data for plumbogottlobite are
available in the Supplement.

Supplement. The supplement related to this article is available
online at https://doi.org/10.5194/ejm-38-209-2026-supplement.
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