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Abstract. Karlseifertite IMA 2024-007, International Mineralogical Association), Pb(GayGe)(AsO4)2(OH)s,
is a new member of the dussertite group, from Tsumeb, Namibia. It is a secondary oxidation-zone mineral
found on fracture surfaces in germanite—chalcocite ore. Karlseifertite occurs in rosettes of thin, yellow, hexag-
onal plates up to about 0.2 mm in diameter and usually less than 0.01 mm thick. The mineral has a pale-
yellow streak, subadamantine lustre, Mohs hardness of ~ 4, brittle tenacity, irregular fracture, perfect cleav-
age on {001} and a calculated density of 4.993 gcm™3. Optically, karlseifertite crystals are uniaxial (+), with
w=1. 890(5) and ¢ = 1.894(calc) (white hght) The emp1rlcal formula from electron probe microanalyses
is Pb0 99(Ga1 60G6028Fe(3)‘§7A10 12)32. 97[(AS0 76504;5 0. 09)21 0004]2(OHg 99)6. Karlseifertite is trigonal with

space group R3m and unit-cell parameters a = 7.2814(7), ¢ = 17.1077(12) A, V =785.50(15) A3 and Z =3.

The mineral has an alunite-supergroup structure (R; = 0.0591 for 248 reflections with I > 207).

1 Introduction

The minerals of the alunite supergroup (Bayliss et al., 2010)
have the general formula DG3(T X4), X/, where (as far as
dominant ions are concerned) D is usually a relatively large
monovalent, divalent or trivalent cation; G is usually a rel-
atively small trivalent cation (commonly Al or Fe’™); T is
a pentavalent or hexavalent cation (generally restricted to
P3*, As>* and/or S°%); X is O or OH; and X’ is usually
OH™. In the wide range of minerals included in the alunite
supergroup, electroneutrality is maintained by coupled sub-
stitutions among the D, G, T and X sites in the structure.
The groups within the alunite supergroup (dictated by the T
cations) include the alunite group (7 = S°*), plumbogum-
mite group (T =P37T), dussertite group (7 = As>*) and beu-
dantite group (T = P5+/Asgg and SSE). The presence of 1/2
P or As and 1/2 S in the ideal formulas of members of the
beudantite group is an example of a single-site heterovalent
substitution resulting in valency-imposed double site occu-
pancy (Hatert and Burke, 2008).

Single-site  heterovalent substitutions resulting in
valency-imposed double site occupancy only rarely
occur in the D or G sites. Heretofore, only three
alunite-supergroup mineral species have been described
based on valency-imposed double site occupancy in
the G site: beaverite—(Cu), Pb(Fe;"Cu>")(SO4)2(OH)s;
beaverite—(Zn), Pb(Feg+Zn)(SO4)2(OH)6; and osarizawaite,
Pb(Al,Cu?T)(SO4)2(OH)s. All are in the alunite group.
Karlseifertite, the new species described herein, with the
ideal formula Pb(Ga;“LGe4+)(AsO4)2(OH)6, is the first
member of the dussertite group to be described based upon
valency-imposed double site occupancy in the G site. It is
also the first member of the alunite supergroup containing
essential Ge.

The name karlseifertite honours the German mining engi-
neer Karl Markus Seifert (1911-2000). Mr Seifert’s profes-
sional career spanned nearly 50 years, much of which was
spent as an engineer and prospector for mining companies in
Namibia (South West Africa for most of that period). From
1963 to 1967, he was mining engineer for Tsumeb Corpo-
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ration Ltd. (TCL), which operated the Tsumeb mine (Tsum-
corp mine). Karl Seifert was well known for his expertise
in geology and mineralogy, particularly with respect to min-
eral exploration. He also had a passion for mineral collecting
and assembled an extensive collection through his many di-
verse mining pursuits. The mineral named in his honour was
found on specimens that he collected as mining engineer at
Tsumeb. Karl Seifert’s son Joachim has given permission for
the naming of the mineral. The double name karlseifertite is
proposed because the name seifertite (SiO2) corresponds to
another mineral species.

The mineral and its name have been approved by the Inter-
national Mineralogical Association (IMA) Commission on
New Minerals, Nomenclature and Classification (CNMNC),
with proposal number IMA 2024-007 (Warr symbol: Karl).
One holotype specimen and one cotype specimen are de-
posited in the collections of the Natural History Museum
of Los Angeles County, 900 Exposition Boulevard, Los An-
geles, CA 90007, USA, with catalogue numbers 76334 and
76335, respectively.

2 Occurrence and associated minerals

Karlseifertite was found on specimens from the Tsumeb
mine, Tsumeb, Namibia (19°15’S, 17°42’ E). Overviews of
the mineralogy and geology of the Tsumeb deposit can be
found in Gebhard (1999) and von Bezing (2007), amongst
other publications. Karlseifertite occurs on fracture surfaces
in germanite—chalcocite ore. The specimens come from the
collection of Karl Seifert, who was mining engineer at
Tsumeb from 1963 to 1967. The second oxidation zone of
the deposit was being mined during that period, and that is
almost certainly where specimens containing karlseifertite
originated. Karlseifertite is a secondary oxidation-zone min-
eral.

3 Physical and optical properties

Karlseifertite occurs in rosettes of thin hexagonal plates
(bounded by the {001} and {100} forms) up to about 0.2 mm
in diameter and usually less than 0.01 mm thick (Fig. 1). No
twinning was observed. The colour is yellow, and the streak
is pale yellow. The mineral has subadamantine lustre and is
transparent. No fluorescence was observed in either long-
or short-wave ultraviolet illumination. The Mohs hardness
is probably about 4 by analogy with other members of the
dussertite group. The tenacity is brittle, and the fracture is ir-
regular. The density could not be measured because crystals
exceed the density of available density fluids. The density
calculated from the empirical formula and single-crystal cell
is 4.993 gcm™3. At room temperature, karlseifertite is insol-
uble in dilute HCI.
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Figure 1. Rosette of karlseifertite plates on germanite on the holo-
type specimen (no. 76334). Field of view: 0.56 mm across.

Optically, karlseifertite crystals are uniaxial (4). Because
of the thin platy habit, only @ could be measured. The ¢ — w
birefringence measured on a spindle stage using a Berek
compensator is 0.004. The value of w determined in white
light is 1.890(5), and the calculated value of ¢ is 1.894.
Pleochroism is slight with O (light yellow) and E (pale yel-
low): O > E. The Gladstone—Dale compatibility index (Man-
darino, 1981) is —0.001 (superior) based on the empirical
formula and the single-crystal cell.

4 Chemical composition

Crystals of karlseifertite were analysed at Caltech on a
JEOL JXA-iHP20OF field-emission electron probe micro-
analyser (EPMA) in WDS (wavelength dispersive spec-
troscopy) mode (eight points). Analytical conditions were
a 15kV accelerating voltage, 5nA beam current and 10 um
beam diameter. Insufficient material is available for the de-
termination of H>O, so it is calculated based on the struc-
ture (O =14 and As + S + W =2). The crystals did not take
a good polish, which, coupled with the thinness of the plates,
resulted in the low analytical total. Analytical data are given
in Table 1.

The empirical formula (based on 14 O apfu, atoms per
formula unit), with cations allotted to structural sites, is
Pbé;9(GaﬁoGeg.JgsFeg§7A1(3)j2)22-97[(Asg%sgﬁswgzﬁ
31.0004]2(OHg 99)6. The simplified formula  is
Pb(Ga,Ge,Fe’t, AD[(As,S,W)04]2(OH)s, and the ideal
formula is Pb(GayGe)(AsO4)2(OH)g, which requires the
following: PbO 27.93, Ga;O3 23.46, GeO; 13.09, As,Os5
28.76, H0 6.76, total 100 wt %.
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Table 1. Analytical data (wt %) for karlseifertite.

Constituent Mean Range SD  Standard
PbO 26.80 26.33-27.46 0.33 PbS
Gay03 18.05 17.62-18.42 024 GaAs
Fe,03 5.53 4.88-6.42 0.55 fayalite
Al O3 0.75 0.72-0.78  0.03  anorthite
GeO, 8.60 8.36-9.06 022 Ge metal
AsyOs5 21.05 20.35-21.47 0.44 GaAs
SO3 3.00 2.70-3.31 0.22  anhydrite
WO3 4.82 4.49-5.08 0.25 W metal
H,O* 6.45

Total 95.05

* Based on the structure (O =14 and As+S +W =2).
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Figure 2. Raman spectrum of karlseifertite.

5 Raman and infrared spectroscopy

Raman spectroscopy was conducted on a Horiba XploRA
PLUS using a 532nm diode laser, 100pum slit and
1800 grooves mm~! diffraction grating, and a 100x (0.9 NA)
objective lens. The spectrum from 3900 to 60 cm™! is shown
in Fig. 2.

The very broad band in the range ~ 3400 to ~ 2800 cm™'
is attributed to O-H stretching vibrations. The bands be-
tween ~ 1000 and ~700cm~! are likely due to the v3 and
v1 stretching modes of AsO4 groups. The bands between
~ 600 and ~400cm™! are probably due to v4 and v, bend-
ing modes of AsO4 groups. The bands at lower wavenumbers
are attributable to various lattice vibrations.

6 Crystallography

6.1 X-ray powder diffraction

X-ray powder diffraction data were recorded using a Rigaku
R-AXIS RAPID II curved-imaging-plate microdiffractome-
ter with monochromatized MoK « radiation. A Gandolfi-like
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Figure 3. The karlseifertite structure viewed down [010]. Hydrogen
bonds are shown as light-blue lines. The unit-cell outline is shown
with dashed lines.

motion on the ¢ and w axes was used to randomize the sam-
ple. Observed d values and intensities were derived by profile
fitting using the JADE Pro software (Materials Data, Inc.).
Data are given in Table 2. Refined trigonal unit-cell parame-
ters (space group Rgm) are a = 7.280(5), ¢ = 17.121(12)A
and V = 785.8(12) A3.

6.2 Single-crystal diffraction

Single-crystal X-ray studies were also done using a Rigaku
R-AXIS RAPID II curved-imaging-plate microdiffractome-
ter with monochromatized MoK « radiation. The Rigaku
CrystalClear software package was used for processing the
structure data, including the application of an empirical ab-
sorption correction using the multi-scan method with AB-
SCOR (Higashi, 2001). The structure was solved using the
intrinsic-phasing algorithm of SHELXT (Sheldrick, 2015a).
SHELXL-2016 (Sheldrick, 2015b) was used for the refine-
ment of the structure.

Karlseifertite has an alunite-supergroup structure (Bayliss
et al., 2010) with the general formula DG3(T X4)2 X g. Based
on the EPMA, the large 12-fold-coordinated D site in karl-
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Table 2. Powder X-ray diffraction data (d in A) for karlseifertite (Io5c > 2.5).

Tobs dobs deale  Iealc hkl ‘ Tobs dobs deale  Iealc hkl
50 5.919 5.917 58 101 | 27 1.973 1.972 29 033
5.703 3 00323 1.821 1.820 27 220
29 3.644 3.641 33 110 1.770 3 208
4 3.527 3.540 4 104 1.740 3 131
3.101 9 021 |7 1.714 1.706 7 217
100 3.073 3.069 100 113 15 1.691 [ 1.692 3 306
12 2.954 2.958 18 202 ’ 1.685 9 119
19 2.853 2.851 18 006 1.550 4 042
19 2.540 2.538 19 024 | 18 1.538 1.534 16 226
5 2.363 2.361 7 211 15 1.504 1.504 13 0210
2.296 3 122 1.479 4 404
27 2.280 2.279 23 107 1.422 5 137
4 2.249 2.245 8 116 12 1420 [ 1.410 5 039
2.102 4 300 1.376 3 410
4 2.094 [ 2.082 3 214 |10 1.338 1.338 11 413

seifertite is occupied solely by Pb>+. The octahedrally coor-
dinated G site is occupied by Ga’>*, Ge*T, Fe>* and AIPT.
The tetrahedrally coordinated T site is occupied by As T,
SO and WOt The X sites are occupied by O, with the X’ site
corresponding to OH. With Pb, Ga and As assigned to the D,
G and T cation sites, respectively, their occupancies refined
to 0.99, 1.03 and 0.96, respectively. The refined site scatter-
ing for the G site (95.79 e) is significantly higher than that
calculated from the EPMA (88.68 ¢), whereas the refined site
scattering for the T site (159.59 e) is lower than that calcu-
lated from the EPMA (164.88 ¢). Although these differences
could reflect real differences in the composition between the
structure crystal and those analysed by the EPMA, we think
it more likely that they are due to deficiencies in the struc-
ture data, considering the relatively high values for Rj,; and
R; and rather large electron density residuals of 6.98 ¢ A™3
located 0.83 A from Pb, 5.15¢ A~ located 0.83 A from As,
3.76 ¢ A=3 located 0.86 A from Ga and 3.71e A~3 located
0.78 A from As. Note that the EPMA compositions for the
sites were used for calculating the bond valences.

All sites were successfully refined anisotropically; how-
ever, the ellipsoid for the Pb site was markedly oblate (flat-
tened in the ¢ direction), indicative of shifting of the Pb
away from the origin, as has been noted in the structures of
most other Pb-bearing alunite-supergroup minerals. This is
attributed to 6 s lone-pair electrons (see for example Mills et
al., 2009). The largest electron density residual (6.98 e A3,
located 0.83 A from the origin along z, may also be evidence
of displacement of the Pb. Nevertheless, our attempts to re-
fine the Pb at positions displaced from the origin were unsuc-
cessful.

Difference Fourier synthesis revealed the likely H site as-
sociated with the O3 site. The H site was refined with a soft
restraint of 0.82(3) A on the O3—H distance and with the Ueq
of the H set to 1.5 times that of O3. Data collection and re-
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Table 3. Data collection and structure refinement for karlseifertite.

SREEF: single-crystal structure refinement. GoF: goodness of fit.

Diffractometer Rigaku R-AXIS RAPID II
X-ray radiation MoK« (A =0.71075A)
Temperature 293(2)K

Formula derived from SREF  Pbg 99Ga3 10As1.920014Hg
Space group R3m (no. 166)

Unit-cell dimensions

a=728147A
c=17.1077(12) A

14 785.50(15) A3

VA 3

Density (for above formula)  5.037 g cm ™3
Absorption coefficient 29.796 mm™~!
F(000) 1074.8

Crystal size 130 x 130 x Sum
0 range 3.44 t0 27.42°

Index ranges

Reflections collected/unique
Reflections with I > 207
Completeness to 6 = 27.42°
Refinement method
Parameters/restraints

GoF

Final R indices [/ > 207]

R indices (all data)

Largest diff. of peak/hole

—9<h<9,-9<k<9,-22<1<22
3746/250; Ry = 0.101

248

100 %

Full-matrix least squares on F2

30/1

1.276

R} =0.0591, wRy = 0.1403

R = 0.0595, wRy = 0.1407

+6.98/ —1.41e A3

Notes: Rip = E|F2 — F2(mean)|/ S[F2]. GoF = § = {S[w(F2 — F2)21/(n — p)}'/2.
Ry = Z||Fo| = Fell/Z|Fol. wRy = (S[w(FZ — F2)?1/ Slw(FH2 /2
w=1/[02(F2)+ (aP)? +bP], where a is 0.0911, b is 14.2 and P is

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

finement details are given in Table 3, atom coordinates and
displacement parameters are given in Table 4, selected bond
distances and angles are given in Table 5, and a bond-valence
analysis is given in Table 6. The crystal structure is shown in
Fig. 3.
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Table 4. Refined atom coordinates, displacement parameters (A2) and site occupancies for karlseifertite.

877

x/a y/b z/c Ueq Occupancy
Pb O 0 0 0.0483(7) 0.99(2)
Ga 0.5 0 0.5 0.0112(6) 1.03(2)
As 0 0 0.31214(11)  0.0112(7) 0.958(18)
o1 0 0 0.5897(7) 0.019(3) 1
02 0.2075(6) —0.2075(6) —0.0565(4) 0.0137(17) 1
03  0.1254(6) —0.1254(6) 0.1376(4) 0.0159(18) 1
H 0.186(5) —0.186(5) 0.121(8) 0.024* 1
Ull U22 U33 U23 U13 U12
Pb  0.0616(9) 0.0616(9) 0.021909) 0 0 0.0308(4)
Ga 0.0103(7) 0.0068(8) 0.0152(10) —0.0010(5) —0.0005(2) 0.0034(4)
As  0.0098(8) 0.0098(8) 0.0140(11) 0 0 0.0049(4)
o1  0.0214) 0.021(4) 0.017(6) 0 0 0.010(2)
02 0.0142) 0.014(2) 0.018(3) 0.0000(13) 0.0000(13)  0.010(3)
03 0.011(2) 0.011(2) 0.023(4) —0.0002(15) 0.0002(15)  0.003(3)
Table 5. Selected bond distances (A) and angles (°) for karlseifertite.
Pb-02 (x6) 2.785(7) Ga-02(x2) 1.959(7) As-Ol1 1.671(13)
Pb-03 (x6) 2.838(4) Ga-03(x4) 1.965(3) As-02(x3) 1.699(7)
(Pb-0) 2.802 (Ga-0) 1.993 (As-0) 1.694
Hydrogen bond
D-H---A D-H H---A D---A <DHA
03-H---01(x3) 0.82(3) 2.00(3) 2.820(9) 179(15)

Table 6. Bond-valence analysis for karlseifertite. Values are ex-
pressed in valence units (vu).

Pb Ga As H )
01 128 0.18%3~ 181
02 *6lp18 *Zo55 x341.21 1.95
03 x6lg17 xH(.54%2> 0.82 2.07
) 2.10 3.26 491 1.00

Bond-valence parameters are from Gagné and Hawthorne (2015). Hydrogen-bond
valences are based on O-O bond lengths from Ferraris and Ivaldi (1988). The Ga and
As sites were modelled using the EPMA compositions.

7 Discussion

Karlseifertite is a new member of the dussertite group
of the alunite supergroup. It is most closely related to
galloplumbogummite, whose ideal formula is given as
Pb(Ga,Al,Ge)3(PO4)2(OH)g in the IMA master list; how-
ever, this is not a proper ideal formula. Schliiter et al. (2014)
gave its formula as “Pb(Ga,Al);_, Gey H; _x (PO4)2(OH)g for
0 < x <1 orPb(Ga,Al);Ge(PO4)2(OH)g¢ for the end member
with x = 1.” The latter formula is actually not an endmem-
ber formula but can be restated as PbGay; Ge(PO4)2(OH)g for

https://doi.org/10.5194/ejm-36-873-2024

Ga > Al, which would correspond to the phosphate analogue
of karlseifertite; however, x is 0.38 in the empirical formula
of galloplumbogummite reported by Schliiter et al. (2014).
Karlseifertite is also close to being the Ga analogue of segni-
tite, PbFngr(AsO4)(A503OH)(OH)6, except for the essential
presence of Ge** (rather than H™) in karlseifertite for charge
balance. Note that Jambor et al. (1996) reported the occur-
rence of the unnamed Ga analogue of segnitite from Tsumeb
with much lower Ge content than karlseifertite, presumably
with the ideal formula PbGa3z(AsQO4)(AsO30OH)(OH)g.

Data availability. Crystallographic data for karlseifertite are avail-
able in the Supplement.

Supplement. The supplement related to this article is available
online at: https://doi.org/10.5194/ejm-36-873-2024-supplement.
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