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Copper-rich members of the beudantite—segnitite series (belonging to the alunite supergroup) were found at the Krupka
deposit, Krusné hory Mountains, Czech Republic. They form yellow-green irregular to botryoidal aggregates up to 5 mm
in size. Well-formed trigonal crystals up to 15 um in length are rare. Chemical analyses revealed elevated Cu contents up
to 0.90 apfu. Comparably high Cu contents were known until now only in the plumbojarosite—beaverite series. The Cu*
ion enters the B** position in the structure of the alunite supergroup minerals via the heterovalent substitution Fe**Cu** —
(AsO,)*(SO,)* , . The unit-cell parameters (space group R-3m) a = 7.3265(7), ¢ = 17.097(2) A, V=794.8(1) A® were
determined for compositionally relatively homogeneous beudantite (0.35 — 0.60 apfit Cu) with the following average
empirical formula: Pb1.oo(Fez.AGCUOAZAlo,1zzno.01)23,02 [(S04)0.89(ASO3OH)0.72(A504)0.34(PO4)0.05]22.00 [(OH)6.19F0.04]Z6.23'

Interpretation of thermogravimetric and infrared vibrational data is also presented. The Cu-rich members of the beudan-
tite—segnitite series are accompanied by mimetite, scorodite, pharmacosiderite, cesarolite and carminite. These minerals
are characterized by refined unit-cell parameters and by quantitative chemical analyses. The assemblage of supergene
minerals corresponds to the following crystallization sequence: mimetite — beudantite—segnitite — pharmacosiderite,

scorodite, cesarolite, and carminite.
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1. Introduction

Various aspects of mineralogy and chemistry of Pb and
As—S dominated members of the alunite supergroup have
attracted attention in the last two decades. Examples in-
clude importance in ore dressing (Dutrizac and Jambor
2000; Jiang and Lawson 2006), in environmental stud-
ies (e.g. Dutrizac and Dinardo 1983; Alpers et al. 1989;
Dutrizac et al. 1996; Sasaki and Konno 2000; Morin et
al. 2001; Kolitsch and Pring 2001), and the recognition
of jarosite presence on the surface of Mars (Klingelhdfer
2004). This situation warranted a detailed and complex
study of locally abundant assemblage including Cu-rich
members of the beudantite—segnitite series (alunite su-
pergroup) in the Krupka ore district.

This paper is a part of the systematic research of a
large group of supergene minerals (Sejkora et al. 2007a,
2009; Plasil et al. 2009a—c).

2. Characteristics of the occurrence

The historical Krupka ore district is located northwest
of the town of Teplice in the Krusné hory Mts. (northern
Bohemia, Czech Republic). The district extends from
the most elevated part in the Komari Vizka area to the
outskirts of Bohosudov and into the vicinity of the Uné¢in
village. Mineralogical information and geological and
montanistic characteristics of the district were presented
by Sejkora and Breiter (1999). Several recent studies
gave information on abundant occurrences of supergene
mineralization of Cu, Zn and Pb (Skovira et al. 2004;
Sejkora et al. 2007b; Sejkora and Skovira 2007; Sejkora
et al. 2008), which were previously unknown.

The first isolated finds of Cu-rich members of the beu-
dantite—segnitite series originate from dumps dispersed
in the forest above the Stfibrna (Gotteskinder) adit, c. 50
to 70 m from the northern margin of Krupka. Later on,
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occurrences of these minerals were found in an old adit
about 10 m below land surface, in a steep tectonised zone
up to 30 cm wide, showing a strong supergene alteration.
In addition to supergene minerals of Pb, Cu and Fe, this
zone and the adjacent rocks contain quartz and clay min-
erals with relics of primary ore minerals including galena,
arsenopyrite, cassiterite and wolframite.

3. Analytical techniques

The surface morphology of samples was studied with a
Nikon SMZ1500 optical microscope in combination with
a Nikon DXM1200F digital camera, used for photogra-
phy in incandescent light. Details of surface morphology
of gold-coated samples were studied with a JEOL JSM-
6380 electron scanning microscope (SEM).

If not stated otherwise, all minerals described in
this paper were identified by X-ray powder diffraction
analysis. The samples studied were placed on the surface
of a flat silicon wafer from suspension in ethanol. Step-
scanned powder diffraction data were collected using a
HZG4-AREM/Seifert diffractometer with a copper tube,
operated at 50 kV and 40 mA. The results were processed
using the X-ray analysis software ZDS for DOS (Ondrus
1993), Bede ZDS Search/Match ver. 4.5 (Ondru$ and
Skala 1997), and unit-cell parameters were refined with
the program of Burnham (1962).

Quantitative chemical data were collected with a Ca-
meca SX100 electron microprobe (Laboratory of Electron
Microscopy and Microanalysis of the Masaryk University
and Czech Geological Survey, Brno) operating in the
wavelength-dispersion mode with an accelerating voltage
of 15 kV, a specimen current of 8-10 nA, and a beam
diameter of 5-10 pm. The following lines and standards
were used: K : andradite (Ca, Fe), albite (Na), barite (S),
sanidine (Al, Si, K), fluorapatite (P), ZnO (Zn), olivine
(Mg), rhodonite (Mn), vanadinite (V), topaz (F), halite
(CI); L: InAs (As), dioptase (Cu), Sb (Sb); M : vanadi-
nite (Pb) and M: Bi (Bi). Peak counting times (CT) were
20 s for main elements and 60 s for minor elements; CT
for each background was '2 of peak time. Raw intensities
were converted to the concentrations using automatic PAP
(Pouchou and Pichoir 1985) matrix correction software
package. Elevated analytical totals of minerals contain-
ing a large amount of hydroxyl groups or crystal water
are generally caused by water evaporation under high-
vacuum conditions or water evaporation due to heating of
the analyzed spot by the electron beam. Lower analytical
totals for some samples are primarily caused by their
porous nature or by poorly polished surfaces of soft or
cryptocrystalline minerals.

Thermogravimetric analysis was carried out with a
Stanton Redcroft TG 750 Thermobalance. The sample

of compositionally relatively homogeneous Cu-rich
beudantite (weight 0.986 mg) was heated from room
temperature to 950 °C at a heating rate 10 °C min™' in
flowing air (10 ml min!). Infrared spectra were recorded
by the micro-DRIFTS method on a Nicolet Magna 760
FTIR spectrometer (range 4000-600 cm™!, resolution

Fig. 1 Yellow-green crystalline crusts of Cu-rich beudantite, Krupka.
Width of the area 2 mm. Photograph by J. Sejkora.

Fig. 2 Hemispherical microcrystalline aggregates of Cu-rich beudantite.
Width of the area 100 um. Back-scattered electron (BSE) photograph
by J. Sejkora.
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4 cm™!, 128 scans, 2 level zero-filtering, Happ—Genzel
apodization), equipped with a Spectra Tech InspectIR
micro FTIR accessory. The samples, each weighing
less than 0.050 mg, were mixed without using pressure
with KBr. Samples were immediately recorded with the
same KBr as a reference.

Fig. 3 Group of pseudo-cubic to pseudo-cuboctahedral crystals of Cu-
rich beudantite, Krupka. Width of the area 60 um. The BSE photograph
by J. Sejkora.

Fig. 4 Crystalline aggregate of mimetite (white) overgrown by a crys-
talline aggregate of Cu-rich beudantite, Krupka. Width of the area 600
pm. The BSE photograph by J. Sejkora.

4. Beudantite-segnitite solid solution series

4.1. Description of samples

Cu-rich members of the beudantite—segnitite series form
yellow green irregular aggregates (Fig. 1), 3—5 mm in

diameter, partly filling voids in weathered and leached
primary ore minerals. These minerals also occur as thin
coatings (0.1-0.2 mm) on fracture surfaces in gangue
and in silicified wall rock. The surface of beudantite—
segnitite series aggregates is irregular and nearly smooth;
in places are recognizable minor botryoidal aggregates
including local hemispherical shapes up to 20 um in di-
ameter (Fig. 2). Well-formed pseudocubic crystals, 5—15
pm across (Fig. 3), are confined to rare minute cavities.
Both macroscopic and microscopic observations indicate
that the beudantite—segnitite series minerals overgrew
and replaced older crystals and aggregates of mimetite
(Fig. 4). They are accompanied by younger pharmaco-
siderite, scorodite, cesarolite and carminite.

4.2. Chemical composition

Members of the beudantite—segnitite solid solution series
represent a small part of the large supergroup of natural

Na*®
K*
H,O"
Ag"
NH,'
TI*
dominant Pb*
elements Ca* (S0,)*
Ba* AP (AsO,OH)*
Sr** Fe’* (PO,OH)>
Bi** A% (AsO,)*
LREE* Ga** (PO,)* (OH)
A-site B-site T-site X-site
Cs* Cu** (Se0,)* Cr
Rb* Zn (CO,)* F
minor elements Mg** Co* (CrO,)* H,0
or Hg* Niz (WO, >
synthetic phases | UO** Mg?* (Si0)*
Th4+ Mn2+
U4+ Cr3+
Zr* In®*
Sc3+
Ti4+
Ge4+
Sb5+
Ta5+
Nb5+
W6+

Fig. S Elements occurring in the natural and synthetic members of the
alunite supergroup, modified following Schwab et al. (2004), with the
use of data by Scott (1987), Novak et al. (1994), Kolitsch and Pring
(2001) and Pe-Piper and Dolansky (2005).
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Fig. 6 Part of a ternary plot of Cu
—Fe + Al — Zn of B-site occupancy
(atomic ratio) for Pb-dominant
members of alunite supergroup.
Data from van Tassel (1958), Ta-
guchi (1961), Morris (1962), Na-
mbu et al. (1964), Taguchi et al.
(1972), Slansky (1977), Walenta

Krupka (this paper)
As-dominant members (published data)

45

et al. (1982), Jambor and Dutrizac
(1983, 1985), Scott (1987), de
Bruiyn et al. (1990), Birch et al.

P-dominant members (published data) 55 (1992), Breidenstein et al. (1992),
S-dominant members (published data) Pring et al. (1995), Rattray et al.
50 50 (1996), Jansa et al. (1998), Sejkora
et al. (2001a, 2001b) and Sato et
0 5 10 15 20 25 0 5 40 45 50 ’
Zn 3 3 Cu  al. (2008).

and synthetic compounds with the alunite-type structure.
The chemical composition of the alunite supergroup mem-
bers can be expressed by the general formula 4B,(70,),X,
(Scott 1987; Kolitsch and Pring 2001; Sejkora et al.
2006b; Mills 2007; Mills et al. 2009a), whereby A-site is
occupied by large monovalent (Na, K, Ag, NH,, H.O...),
divalent (Pb, Ca, Sr, Ba...), trivalent (Bi, LREE...) or
tetravalent (Th, Zr...) elements in 12-coordination. At the
octahedral B-position, trivalent cations (Al, Fe) dominate
over divalent (Cu, Zn) or pentavalent (Nb, Ta) cations.
At the tetrahedral T-sites are present mainly S, P and
As, even though minor contents of Si, Cr and other ele-
ments were also determined. The hydroxyl groups (OH)
dominate in X-position over minor amounts of Cl and F;
H,0 is also present according to some authors. A general
review of possible substitutions in members of the alunite
supergroup is presented in Fig. 5.

For A**B*T>* members of this group (e.g. plumbogum-
mite Pb—AI-P, segnitite Pb—Fe—As, kintoreite Pb—Fe—P
etc.), the charge balance requires protonation of one of
TO, anions. Consequently, their ideal formula should be
written as AB (TO,)*(TO,OH)**X, (Scott 1987). New
structural studies indicate complete disorder of the groups
SO,, PO,, PO,OH, AsO, and AsO,OH (Kolitsch and Pring
2001; Dzikowski et al. 2006). Another charge-compen-
sation mechanism (Zn and other elements occupying
new sites within six-membered rings in the octahedral

layers) was described by Mills et al. (2009b) and Grey
et al. (2009).

Minerals of the beudantite—segnitite series from
Krupka contain dominating Pb in the range of 0.93-1.13
apfu at the A-site, accompanied by minor Ca (<0.02 apfir).
In the B-site Fe*"is always the dominant ion (1.92-2.72
apfu); minor AI** (0.03-0.16) and Zn?>* (0.01-0.07 apfu)
are also present. Notable are Cu?* contents in the range
of 0.01 to 0.90 apfu in the studied samples (Fig. 6). As
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Fig. 7 Plot apfu Fe + Al vs. apfu Cu + Zn for minerals of beudantite—
segnitite solid solution series from Krupka.
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members of alunite supergroup. Data from Nambu et al. (1964), Slansky
(1977), Walenta et al. (1982), Scott (1987), de Bruiyn et al. (1990),
Birch et al. (1992), Pring et al. (1995), Rattray et al. (1996), Jansa et
al. (1998) and Sejkora et al. (2001a, 2001b).
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Fig. 9 Plot apfu Fe + Al vs. apfu Cu + Zn for Pb and S dominant
members of alunite supergroup. Data from van Tassel (1958), Taguchi
(1961), Morris (1962), Taguchi et al. (1972) and Breidenstein et al.
(1992).

indicated by the positive correlation of Cu + Zn with Fe
+ Al (Fig. 7), Cu?" is positioned in the octahedral B-site,
similar to the situation with Pb-dominated sulphates of
the alunite supergroup — beaverite-(Cu) and beaverite-
(Zn) (Taguchi 1961; Morris 1962; Taguchi et al. 1972;
Jambor and Dutrizac 1983, 1985; Scott 1987; Sato et
al. 2008). In the naturally occurring Pb members of the
alunite supergroup, dominated by As or P, comparably
high contents of Cu?* in the B-site, near to 1/3 of the
position, are not indicated (Fig. 8). Comparably high
contents were reported only in members dominated by Pb

corkite

70

920 kintoreite segnitite ‘ 0

P 0 10 20 30 40 50 60 70 80 90 100 As

@ Krupka, sample used for X-ray study etc.
V¥ Krupka, other samples

Fig. 10 Ternary plot of As — S — P of 7-sites occupancy (atomic ratios)
for minerals of beudantite—segnitite solid solution series from Krupka.

and S (Fig. 9). It is not possible to exclude that Cu*" can
occupy the newly determined trigonal-bipyramidal site,
similarly to the case of kolitschite and kintoreite (Mills
et al. 2008; Grey et al. 2008, 2009).

The tetrahedral 7-sites contain 0.72—1.77 As and 0.28—
1.38 S apfu and minor P (0.01-0.44 apfu). As indicated
by charge-balance requirements (Pb*" in A4-sites), a part
of As (near 0.72 apfu) must be protonated forming the
(AsO,OH)* group. As follows from Fig. 10, the majority
of the studied samples plot in the beudantite field and only
several spot analyses represent segnitite. The elevated Cu?
contents in the nominal B3 position are compensated by
the heterovalent substitution Fe**Cu** | — (AsO,)*(SO,)* ,.
A good correlation of Cu*" contents in the B-sites and
(SO,)* in the tetrahedral T-sites is shown in Fig. 11.

80

70 4 )
60 4 8

50 A ‘.

40 - @

30 e

mol. % S at T-sites

20 1 )

0 T T T T T T T
0 5 10 15 20 25 30 35

mol. % Cu at B-site

Fig. 11 Plot mol. % Cu at B-site vs. mol. % S at T-sites for minerals of
beudantite—segnitite solid solution series from Krupka.
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Tab. 1 Chemical composition of minerals of beudantite—segnitite solid solution series from Krupka (wt. %)

mean 1 2 3 4 5 6 7 8 9 10
CaO 0.03 0.12 0.05 0.04 0.04 0.04 0.04 0.02 0.08 0.07 0.07
BaO 0.03 0.00 0.00 0.00 0.00 0.07 0.07 0.00 0.04 0.00 0.05
PbO 30.18 32.32 31.86 29.30 29.21 28.78 29.96 30.49 30.38 31.44 31.69
CuO 4.50 0.42 0.80 2.30 2.89 4.17 4.45 5.70 7.45 8.98 9.57
MnO 0.03 0.00 0.00 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00
ZnO 0.22 0.12 0.17 0.14 0.21 0.24 0.29 0.22 0.12 0.41 0.69
AlLO, 0.87 7.75 4.15 2.00 1.96 0.85 0.90 0.66 0.19 1.21 1.09
Fe,O, 26.54 20.10 24.85 26.65 26.11 26.85 25.97 25.60 25.79 21.24 22.31
Sio, 0.05 0.07 0.20 0.04 0.04 0.03 0.00 0.10 0.02 0.15 0.08
As Oy 16.40 20.01 18.74 21.56 20.16 15.99 17.81 15.84 11.69 10.83 8.75
P,O, 0.47 4.09 3.34 0.71 0.78 0.73 0.26 0.10 0.26 0.39 0.35
SO, 9.65 2.30 4.12 5.60 6.76 10.16 8.94 10.83 14.25 13.52 14.81
Cl 0.02 0.02 0.03 0.01 0.02 0.02 0.02 0.02 0.02 0.01 0.03
F 0.12 0.66 0.47 0.23 0.24 0.13 0.07 0.07 0.17 0.25 0.26
H,0* 8.42 8.24 8.18 8.02 8.01 8.27 8.19 8.31 8.71 8.32 8.65
F,CI=0 -0.05 -0.28 -0.21 -0.10 —-0.11 -0.06 -0.03 -0.03 -0.07 -0.11 -0.11
Total 97.47 95.92 96.76 96.52 96.32 96.27 96.92 97.91 99.08 96.70 98.26
Ca* 0.004 0.016 0.007 0.006 0.005 0.006 0.005 0.002 0.010 0.009 0.009
Ba?* 0.001 0.000 0.000 0.000 0.000 0.003 0.003 0.000 0.002 0.000 0.002
Pb** 0.999 1.107 1.078 0.979 0.964 0.932 0.993 0.989 0.960 1.039 1.062
Mn? 0.003 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.000 0.000 0.000
¥ A-site 1.008 1.123 1.085 0.986 0.970 0.940 1.002 0.991 0.971 1.048 1.073
Cu? 0.418 0.040 0.076 0.216 0.267 0.379 0.414 0.519 0.660 0.833 0.900
Zn** 0.020 0.011 0.016 0.013 0.019 0.021 0.026 0.019 0.010 0.037 0.064
Al 0.126 1.163 0.615 0.293 0.284 0.121 0.130 0.094 0.026 0.174 0.159
Fe** 2.455 1.924 2.349 2.489 2.409 2.429 2.406 2.322 2.278 1.963 2.091
¥ B-site 3.019 3.137 3.056 3.010 2.979 2.950 2.976 2.954 2.974 3.007 3.213
Si+* 0.006 0.009 0.025 0.005 0.005 0.004 0.000 0.012 0.002 0.018 0.009
As>* 1.055 1.331 1.231 1.399 1.293 1.006 1.146 0.998 0.717 0.695 0.570
Pt 0.049 0.440 0.356 0.075 0.080 0.074 0.027 0.010 0.026 0.040 0.036
So 0.891 0.220 0.388 0.521 0.622 0.917 0.826 0.980 1.255 1.246 1.384
¥ T-sites 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000 2.000
H* 6.907 6.993 6.856 6.639 6.552 6.633 6.728 6.681 6.817 6.815 7.185
H* 0.720 0.720 0.720 0.720 0.720 0.720 0.720 0.720 0.720 0.720 0.720
(OH)" 6.190 6.270 6.134 5.917 5.830 5.909 6.008 5.962 6.101 6.097 6.469
Cl 0.005 0.005 0.007 0.003 0.005 0.005 0.004 0.004 0.004 0.002 0.005
F- 0.045 0.264 0.188 0.090 0.092 0.049 0.026 0.026 0.061 0.098 0.102
¥ X-site 6.240 6.539 6.328 6.010 5.927 5.963 6.039 5.993 6.166 6.197 6.576

mean — mean of ten spot analyses of chemically relatively homogeneous beudantite, used for a detailed X-ray and spectrometry study; 1-10 — re-
presentative spot analyses of Cu-rich beudantite covering a wide range of Cu contents;

H,O* content calculated on the basis of ideal formula and charge balance;

H* — H* bound in the group (AsO,0H)* calculated on the basis of charge balance;

Coefficients of empirical formula were calculated on the basis of (As + P+ S + Si) = 2 apfu.

The X-site is dominantly occupied by hydroxyl ions
(5.65—6.80 OH pfu), minor F (0.02—0.26 apfu) and Cl up
to 0.01 apfu. Total calculated occupancy of this site varies
from 5.73 to 6.86 pfu.

Representative spot analyses of minerals of the beu-
dantite—segnitite series from Krupka are given in Tab. 1.
Also included is an average of ten spot analyses of com-
positionally relatively homogeneous Cu-rich beudantite
used for a detailed powder X-ray, thermogravimetric and

spectroscopic study. The empirical formula of this Cu-
rich beudantite from Krupka is, on the basis of As + P +
S + Sl = 200’ Pb1.OO(FeZ.46cuO.42A10.13zn0.01)23.02 [(SO
(ASO3OH)0.72(ASO (PO [(OH)6.19F0.04]26.23'

4)0.8‘)

4)0_34 4)0.05]22.00

4.3. Thermogravimetric data

The crystal chemistry of alunite supergroup compounds
was discussed by Kolitsch and Pring (2001) including
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thermodynamics and thermal stability. Studies on aspects
of the thermochemistry of the Pb-dominant members
have been undertaken in the past few years for plumbo-
jarosite (Ozacar et al. 2000; Frost et al. 2005a, 2005c¢),
beaverite (Frost et al. 2008) or arsenian plumbojarosite
(Mills et al. 2009c¢).

Copper-rich beudantite from Krupka (Fig. 12) ther-
mally decomposes in several steps. First, there are two
partly overlapping decomposition processes: dehydroxy-
lation approximately up to 510 °C, connected with a ~7.6
wt. % weight loss and AsO,OH dehydroxylation up to
540 °C (~0.9 wt. %). The total weight loss of 8.50 wt.
% in the interval to 540 °C corresponds to the content of
8.42 wt. % H,O derived from the EPMA data and this is
in agreement with Mills et al. (2009c), who reported H,O
loss up to 560 °C for arsenian plumbojarosite. The second
step, in the range 540-950 °C, is represented by release
of SO, (Mills et al. 2009¢ reported release of SO, start-
ing at ¢. 560 °C) and probably also with oxygen release
corresponding to decomposition of the arsenate group.
According to Mills et al. (2009¢), the arsenic is bound in
phases of the anglesite-, eulytite- and apatite-type during
temperature increase. The Cu-rich beudantite decomposi-
tion is not completed up to 950 °C.

4.4. X-ray powder diffraction

The X-ray powder diffraction data for all studied samples
of the beudantite—segnitite series from the Krupka ore
district (Tab. 2) correspond to the published values for
these minerals and to theoretical data calculated from
the crystal structure information published for beudantite
(Szymanski 1988; Giusepetti and Tadini 1989). A sample
of relatively chemically homogeneous Cu-rich beudan-
tite was used for refinement of unit-cell parameters; this
sample was used for determination of thermogravimetric
and vibrational (infrared spectroscopy) data.

The refined unit-cell parameters of the Cu-rich beu-
dantite from the Krupka ore district (Tab. 3) are similar
to the published data for As-rich members of the alunite
supergroup (beudantite—segnitite — see Fig. 13). The
measured and published data for minerals corresponding
to the known range of Cu** — Fe** substitution indicate
that the Cu** contents in B position of the ideal formula
do not significantly affect unit-cell parameters.

4.5. Infrared spectroscopy

An infrared spectrum was recorded for a sample of
compositionally relatively homogeneous Cu-rich beu-
dantite (Fig. 7). It closely compares with the spectrum
of beudantite from Cinovec/Zinnwald, Erzgebirge (Sej-
kora et al. 2001a). The spectrum shows vibration bands
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Fig. 12 Thermal analysis of Cu-rich beudantite from Krupka.

Tab. 2 X-ray powder diffraction pattern of Cu-rich beudantite

Wk o d, 1 d, h k | d, U d,
1 0 15943 455948 2 2 0 1.8325 14 1.8316
0 0 35703 6569 2 0 8 17717 4 1.7725
1 1 03666 373663 2 2 -3 17439 2 1.7438
1 0 43541 83545 2 2 17438
1 1 33082 1003082 2 1 L7115 4 17112
1 13 3.082 1 2 -7 1.7112
2 0 22974 162974 1 1 9 1686 9 1.6864
0 0 62848 24280 1 1 -9 1.6864
0 2 42548 142547 1 010 16513 2 1.6509
1 2123722 523749 0 4 2 15594 1 1559
2 11 23749 2 2 -6 15412 7 15408
2 1 -223090 623090 2 2 6 1.5408
12 2 23090 0 2 10 1.5046 6 1.5051
10 722781 2822794 4 0 4 14878 1 14871
1 1 622496 1122492 3 1 -7 14277 3 14278
11 -6 22492 1 3 7 1.4278
30 021133 321150 0 3 9 14138 3 14133
1 2 -4 2086 320915 3 0 9 1.4133
2 1 4 20915 4 1 -3 13456 4 13454
30 31982 211988 1 4 3 13454
0 3 3 19828 1 4 -3 13454
2 1 -5 19634 11963 4 1 3 13454
125 1.9634

corresponding to (OH)", (SO,)*, (AsO,)* and probably
(AsO,OH)*. In the crystal structure of Cu-rich beudan-
tite, 7, symmetries of free sulphate and arsenate units are
lowered and therefore forbidden vibrations may become
Raman and/or infrared active and split. The obtained in-
frared spectrum (Fig. 14, Tab. 4) is tentatively interpreted
on the basis of papers by Keller (1971), Vansant et al.
(1973), Farmer (1974), Myneni et al. (1998), Sasaki et al.
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Tab. 3 Unit-cell parameters of minerals of the beudantite-segnitite solid solution series (for trigonal space group R-3m)

mineral occurrence reference a [A] c[A] v [A3]
Cu-rich beudantite Krupka this paper 7.3265(7) 17.097(2) 794.8(1)
beudantite Tsumeb Szymanski (1988) 7.3151(9) 17.0355(5) 789.5
beudantite Tsumeb Szymanski (1988) 7.3125(8) 17.0217(7) 788.3
beudantite Dernbach Giuseppetti and Tadini (1987) 7.339(1) 17.034(1) 794.6
beudantite Broken Hill Rattray et al. (1996) 7.345(7) 17.06(2) 796(2)
beudantite Broken Hill Rattray et al. (1996) 7.315(5) 17.07(2) 791(2)
beudantite Cinovec Sejkora et al. (2001a) 7.3713(9) 17.076(2) 803.5(1)
beudantite Moldava Sejkora et al. (2001a) 7.346(1) 17.012(5) 795.0(3)
beudantite Moldava Sejkora et al. (2001a) 7.351(2) 17.028(8) 796.8(5)
segnitite Schwarzwald Walenta (1966) 7.36 17.21 807
segnitite Broken Hill Birch et al. (1992) 7.359(3) 17.113(8) 802.6(6)
segnitite Broken Hill Rattray et al. (1996) 7.335(5) 17.11(2) 797(1)
segnitite St. Andreasberg Bischoff (1999) 7.376(1) 17.145(2) 807.8
segnitite Piitzbach, Bad Ems Bischoff (1999) 7.364(1) 17.145(4) 805.2
segnitite Cinovec Jansa et al. (1998) 7.348(3) 17.09(1) 799.1
segnitite Moldava Sejkora et al. (2001a) 7.373(1) 17.108(4) 805.4(2)
segnitite Stépanov Sejkora et al. (2001b) 7.382(1) 17.119(3) 807.8(2)
segnitite Broken Hill Mills (2007) 7.303 17.108 804.8
Tab. 4 Tentative assignment of infrared spectrum of Cu-rich beudantite
174 @ Krupka (this paper)
4 ¥ beudantite (published data) : ,
Y ot it g assignment fem’]
3362 m-s
© v O-H stretch of hydrogen bonded
2 O structurally non-equivalent hydroxyls 3208 m
2 17.2 4 Y 9 4 Y 2924 w
s o o
o eD O O O 1172 m
3 v v v ) 1147 m
o 170 | v a4 overlapping & (AsO,OH)* bend
S : .3 . 1107 s
> and v, (SO,)* antisymmetric stretch
1079 s
1037 Vs
16.8 4 v, (8O,)* symmetric stretch 1010 s
7.25 7.30 735 740 7.45 & M3* — OH bend 933 m
) 906 m-s
unit-cell parametr a
870 s
. . . v, (AsO,)* symmetric and v, (AsO,)*
Fig. 13 Plot of unit-cell parameters a and ¢ for minerals of the beudan- antisymmetric stretch overlapped with 851 8
tite—segnitite series. For published data see Tab. 3. the v, (AsO,OH)* antisymmetric stretch 821 Vs
’ ’ 813 Vs
. v, (AsO,0OH)* symmetric stretch 729 w
(1998), Sejkora et al. (2001a), Frost et al. (2005b, 2006) 1 (ASO.0H)"sy pr o
and Murphy et al. (2009). v, (SO, bend 662 w
Broad bands observed at 3362, 3208 and 2924 cm™' are 620 m

assigned to the v OH stretching vibrations of hydroxyl
ions. Wavenumbers of these v OH stretching vibrations
prove the presence of hydrogen bonds in the crystal
structure of Cu-rich beudantite (Libowitzky 1999). There
are no vibration bands near 1630 cm™', which would cor-
respond to deformation vibration of molecular water. The
interval 950-1200 cm™ is characterised by a very intense
band with maximum at 1037 cm™ featuring numerous
shoulders (1172, 1147, 1107, 1079 and 1010 cm™). A
band at 1010 cm™' was assigned to the v, (SO,)* sym-
metric stretching vibration, shoulders at 1172 and 1147
cm™' are attributed to the 8 (As—OH) bending vibrations,
and bands at 1107, 1079 and 1037 cm™' to the split triply

Intensity of bands: vs — very strong, s — strong, m — medium,
w — weak.

degenerate v, (SO,)* antisymmetric stretching vibrations.
Some overlapping of these vibrations can be expected.
Bands at 935 and 906 cm™! are attributed to the 8 M*~OH
bending vibrations. According to the paper by Vansant et
al. (1973), bands at 870, 851, 821 and 813 cm! are as-
signed to the v, (AsO,)*” symmetric stretching vibrations
and the split triply degenerate v, (AsO,)* overlapped
with the doubly degenerate v, (AsO,OH)* antisymmetric
stretching vibrations. A band at 729 cm™ is connected
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v O-H stretching

Kubelka-Munk units

Fig. 14 Micro-DRIFTS
spectrum of Cu-rich be-

A

v, and v, (AsO,)”
stretching

v, (SO,)” and
5 (AsO,0H)*

3000

udantite from Krupka
with assigned bands.

with the v (As—OH) symmetric stretching vibration and
those at 687, 662 and 620 cm™ to the split triply degener-
ate v, (SO,)> bending vibration.

5. Other minerals identified in the
association

5.1. Mimetite

In the studied samples, mimetite typically forms porous
or compact pseudomorphs after galena up to 0.5 cm
across. Some samples contain evidence of early mimetite
crystallization along cleavage planes of galena (Fig. 15),
followed by complete leaching of galena at a later stage.
On rare instances mimetite occurs as well-formed white
acicular crystals up to 0.4 mm long, grouped in random
clusters (Fig. 16) or making up radiating aggregates 1
to 1.5 mm in diameter (Fig. 17). Mimetite is the oldest
supergene mineral in the studied association.

Mimetite was identified by X-ray powder diffrac-
tion. Its refined unit-cell parameters, a = 10.2395(6),
c=7.4380(8) A and V = 675.37(8) A%, are in agreement
with the data published by Baker (1966), Dai and Hughes
(1989), Dai et al. (1991), Hashimoto and Matsumoto
(1998) as well as Stevko et al. (2008) for minerals of the
mimetite—pyromorphite solid solution series.

2000 1500 800

Wawenumbers (cm™)

1000

Fig. 15 Mimetite aggregates growing along former cleavage planes of
galena, which was completely leached. Krupka. Width of the area 2 mm.
The BSE photograph by J. Sejkora.

The chemical analyses of mimetite from Krupka
(Tab. 5) correspond to the presence of 0.04—0.29 apfu P
in the tetrahedral site (PAs_, substitution in the mimetite—
pyromorphite series), in addition to dominating As,
and sulphur contents up to 0.14 apfu S, (heterovalent
substitution As**S" ). The predominant chlorine in the
X-site (0.70-0.93 apfu Cl) is accompanied by somewhat
increased F up to 0.11 apfu. The empirical formula of the
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Fig. 16 Aggregate of randomly oriented acicular mimetite crystals.
Krupka. Width of the area 150 pm. The BSE photograph taken by
J. Sejkora.

Tab. 5 Chemical composition of mimetite (wt. %)

mean 1 2 3 4 5 6
CaO 0.02 0.04 0.01 0.02 0.00 0.0l 0.04
FeO 022 002 094 0.10 0.10 0.02 0.16
PbO 7527 74.64 7490 75.01 7545 7583 75.79
Zn0O 0.04 0.01 0.04 0.03 0.08 0.00 0.09
ALO, 0.05 0.02 020 0.08 001 0.00 0.02
Sio, 0.04 004 0.14 0.05 000 0.00 0.02
As, O, 22.44 2235 21.58 2222 23770 2341 21.36
PO, 0.54 024 0.81 033 018 0.28 1.43
SO, 047 051 0.76 054 0.12 046 041
Cl 208 1.72 222 1.69 228 235 223
F 0.13 0.14 0.15 0.14 015 0.10 0.13
Cl=0 -0.47 -0.39 -0.50 -0.38 -0.51 -0.53 -0.50
F=0 -0.06 -0.06 -0.06 —0.06 -0.06 -0.04 -0.05
Total 100.79 99.29 101.18 99.77 101.48 101.90 101.12
Ca? 0.005 0.009 0.003 0.004 0.000 0.003 0.010
Fe? 0.045 0.005 0.186 0.021 0.019 0.004 0.032
Pb** 4.831 4.897 4771 4906 4.823 4.777 4.817
Zn?* 0.007 0.002 0.007 0.006 0.014 0.000 0.016
A" 0.015 0.005 0.055 0.023 0.002 0.000 0.005
X Pb-site 4.903 4918 5.022 4.960 4.859 4.784 4.880
Si* 0.010 0.010 0.033 0.013 0.000 0.000 0.005
As™ 2.797 2.848 2.670 2.822 2942 2.864 2.636
pst 0.110 0.050 0.162 0.067 0.037 0.055 0.286
Se 0.083 0.093 0.135 0.098 0.021 0.080 0.073
T T-site 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Cl 0.842 0.712 0.891 0.696 0.918 0.934 0.892
F 0.101 0.108 0.115 0.106 0.109 0.076 0.096
X CI+F 0.943 0.820 1.006 0.802 1.027 1.010 0.988

mean and 1-6 spot analyses of mimetite from Krupka.
Coefficients of empirical formula were calculated on the basis of
(P+As+Si+8)=3.

Fig. 17 Radiating aggregates of white acicular crystals of mimetite
on quartz gangue. Krupka. Width of the area 2.5 mm. Photograph by
J. Sejkora.

analysed mimetite (average of six spot analyses) based
on (As +P+Si+S)=3is:
(Pb, . ,Fe Al Z

4.83 0.04 0.02 n0.01)24.90[

(Sio4)0.01]23400(C10,84F0,10)20494'

(AsO,), (PO,), (SO

4)2A80 4)0.11 4)0.08

5.2. Scorodite

Scorodite is a rather rare mineral in the studied associa-
tion. It was found only in some samples in the form of
whitish to grey—white, rather loose earthy aggregates up
to 0.1 mm in size, in association with pharmacosiderite
and minerals of the beudantite—segnitite series. Due to
rarity and small size of the scorodite aggregates, they
could not be studied by X-ray diffraction. Chemical
composition of this mineral from Krupka (Tab. 6) cor-
responds to scorodite; major elements are accompanied
by very minor admixture of other elements. The em-
pirical formula for scorodite calculated as average from
three spot analyses on the basis (As + P+ V + S) =1 is:
(Fe, 4oAl, ,Cu, ,,Zn [(AsO,), ,,(PO .2H,0.

OAOI)}:OAQS 4)099 4)0A01]El400

5.3. Pharmacosiderite

Pharmacosiderite occurs in a form of pale green coat-
ings, 3 by 5 cm in size, along fractures of altered quartz
gangue. The surface of the coatings is irregular passing
to botryoidal shapes 1-2 mm in diameter, with rare hexa-
hedral crystals 3-8 pm long, observed in small crevices
(Fig. 18). Pharmacosiderite aggregates often enclose
small flakes of illite and scorodite and minerals of the
beudantite—segnitite series.

Pharmacosiderite was identified by X-ray powder
diffraction. Its refined unit-cell parameter, a = 7.9801
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Tab. 6 Chemical composition of scorodite (wt. %)

mean 1 2 3
CaO 0.03 0.06 0.02 0.01
BaO 0.04 0.00 0.03 0.10
PbO 0.29 0.26 0.29 0.32
CuO 0.58 1.05 0.49 0.20
ZnO 0.23 0.21 0.20 0.27
ALO, 1.26 1.06 1.20 1.52
Fe,0, 29.97 30.13 30.54 29.25
As,O, 48.07 47.67 48.67 47.86
PO, 0.23 0.19 0.32 0.20
V,0; 0.03 0.03 0.02 0.04
SO, 0.04 0.06 0.00 0.06
H,0* 15.22 15.08 15.43 15.15
Total 95.99 95.80 97.20 94.97
Ca?* 0.001 0.003 0.001 0.000
Ba* 0.001 0.000 0.000 0.002
Pb** 0.003 0.003 0.003 0.003
Cu?* 0.017 0.031 0.014 0.006
Zn? 0.007 0.006 0.006 0.008
AP 0.059 0.050 0.055 0.071
Fe¥* 0.889 0.901 0.893 0.871
X Fe-site 0.976 0.994 0.973 0.962
As™ 0.990 0.991 0.989 0.991
pst 0.008 0.006 0.010 0.007
\'Al 0.001 0.001 0.000 0.001
Se 0.001 0.002 0.000 0.002
X T-site 1.000 1.000 1.000 1.000
H,0 2.000 2.000 2.000 2.000

Mean and 1-3 — spot analyses of scorodite from Krupka.

Coefficients of empirical formula were calculated on the basis of
(P+As+S+V)=1;

*H,O content was calculated from the ideal content in the formula
HO=2.

Fig. 18 Cube-shaped pharmacosiderite crystals deposited on finely
crystalline aggregate of Cu-rich beudantite. Width of the area 35 um.
The BSE photograph by J. Sejkora.

A (V= 508.2(1) A%, is in agreement with the data
published by Buerger et al. (1967). The chemical for-
mula for pharmacosiderite has previously been given
as KFe, (AsO,),(OH), .6-7H,0O. Studies by Mutter et al.
(1984) with Peacor and Dunn (1985) indicated K (+ Na
and Ba) contents in K-site near to 2 apfu. Pharmacosid-
erite from Krupka exhibits total occupancy of the K-site
in the range 1.95-2.41 apfu (Fig. 19). The variation in
K-site occupancy depends on the pharmacosiderite crystal
structure, which consists of an open zeolitic framework
[Fe,(OH),(AsO,),] - with alkalis, alkaline earths and wa-
ter molecules in the channels (Buerger et al. 1967). The
water content varies considerably and the cations in the
channels are considered to be exchangeable (Mutter et al.
1984). Potassium is the dominant element in the K-site
of pharmacosiderite samples from Krupka (Fig. 20); the
contents of Na and Ba reach maxima of 0.52 and 0.01
apfu, respectively. In contrast to the majority of pub-
lished pharmacosiderite analyses (Fig. 19), the studied
samples contain increased Al in the range 0.38—0.53 apfu
(solid solution with alumopharmacosiderite). Comparably
similar elevated Al contents, which enter the structure
following a simple substitution AlFe ,, were previously
reported by Sejkora et al. (2006a). Another characteristic
feature of all studied samples from Krupka is a significant
content of Si (0.16—0.26 apfu), as yet known only in syn-
thetic members (Ti—Si, Ge—Si) of this group (Behrens et
al. 1998; Yakovenchuk et al. 2008). Empirical formulae
for representative spot analyses of pharmacosiderite from
Krupka are given in Tab. 7.
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Fe/(Fe+Al)
@ pharmacosiderite, Krupka (this paper)
V¥V pharmacosiderite, Krasno (Sejkora et al. 2006)
O pharmacosiderite, Zlata Baria and Lubietova
(Sejkora et al. 2006)
@ pharmacosiderite-group minerals (Schmetzer et al. 1981;
Mutter et al. 1984; Peacor and Dunn 1985 )

Fig. 19 Plot of Fe/(Fe + Al) vs. (K + Na + Ba + Ca) in K-site of phar-
macosiderite from Krupka.
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Fig. 20 Ternary plot of K — Na — Ba of K-site occupancy (atomic ratio)
for pharmacosiderite from Krupka.

5.4. Carminite

Carminite forms in some samples relatively abundant
opaque irregular aggregates of light red-brown to bright
red colour (Fig. 21). Carminite aggregates up to 1 mm
across are deposited on older minerals of the beudantite—
segnitite series. The accumulations are earthy to compact,
with a smooth surface, rarely decorated by intergrowth
aggregates of elongated tabular crystals up to 2—8 pm
long (Fig. 22).

Fig. 21 Orange-red carminite aggregate with irregular surface. Krupka.
Width of the area 1 mm. Photograph by J. Sejkora.

Tab. 7 Chemical composition of pharmacosiderite (wt. %)

1 2 3 4 5 6
Na,0 1.78 2.00 1.43 2.00 1.58 1.44
K,0 7.55 8.26 9.64 9.86 10.03 10.13
CaO 0.22 0.15 0.13 0.10 0.14 0.25
BaO 0.19 0.26 0.18 0.07 0.23 0.23
ZnO 0.06 0.35 0.40 0.38 0.51 0.39
ALO, 2.99 2.84 2.37 2.73 2.80 2.97
Fe,0, 32.07 3475 3491 3422 3275 31.04
SiO, 1.21 1.78 1.15 1.54 1.15 1.74
As, O, 36.65 39.64 40.00 4030 3821 34.65
PO 0.11 0.08 0.05 0.02 0.23 0.15
F 0.09 0.09 0.08 0.09 0.09 0.08
H,0* 1830 1973  19.65 1984 19.13  18.25
Total 101.22  109.92 10998 111.16 106.84 101.32
Na* 0.506  0.516 0377 0.515 0431 0419
K 1412 1401 1.669 1.668 1.800 1.939
Ca®* 0.034 0.022 0.019 0.014 0.021  0.040
Ba* 0.011  0.013 0.009 0.004 0.013 0.013
Zn* 0.007 0.034 0.040 0.037 0.053 0.043
X K-site 1.970 1986 2.114 2239 2317 2455
AP 0.516  0.444 0380 0427 0465 0.526
Fe’* 3538 3476 3.566 3415 3467 3.507
Y Fe-site 4.054 3920 3945 3.841 3.932 4.033
Si* 0.177  0.236  0.156  0.204 0.162  0.261
As™* 2.809 2.755 2.839 2.793 2811 2.719
ps* 0.014  0.008 0.005 0.002 0.027 0.020
X T-site 3.000 3.000 3.000 3.000 3.000 3.000
H* 17.893 17.495 17.792 17.546 17.954 18.273
F 0.042  0.040 0.035 0.036  0.040  0.038
(OH) 4.896 4.495 4790 4549 4956  5.269
Y (OH)-site 4938 4.534 4824 4585 4996 5307
H,0 6.498 6.500 6.501 6.498 6.499  6.502

1-6 — representative spot analyses of pharmacosiderite from Krupka.
Coefficients of empirical formula were calculated on the basis of
(P+As+Si)=3;

*H,0 content was calculated from the ideal content in the formula
H,O = 6.5 and charge balance.

Carminite was identified by X-ray powder diffrac-
tion. Its refined unit-cell parameters, a = 16.586(6), b
= 7.583(4), ¢ = 12.257(4) A and V =1541.6(8) A’ are
in agreement with the data published by Finney (1963),
Kharisun et al. (1996) and Olmi and Sabelli (1995). The
chemical composition of the studied mineral (Tab. 8)
corresponds to carminite with somewhat elevated phos-
phorus contents in the tetrahedral sites corresponding to
0.11-0.16 apfu P (PAs_, substitution). Empirical formula
for carminite (average of three spot analyses) calculated
on the basis (As + P + Si + S) = 2 is: (Pb, .Ca ).,
(Fe1.83zn0A07A10A04cuo.02)2196 [(ASO4)1.82(PO4)0A14(SiO
(804)001]22‘00 [(OH)2A16C10A01]22.17'

4)0.03
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5.5. Cesarolite

Cesarolite is very rare as hemispherical microscopic ag-
gregates 20—40 pm in diameter. It occurs in association
with minerals of the beudantite—segnitite series and car-
minite. Owing to minimal size and quantity, this mineral
could not be identified by X-ray diffraction. Chemical
composition (Tab. 9) closely corresponds to the cesarolite
ideal formula PbMn*",0 (OH), presented by Anthony
et al. (1997). In the sample from Krupka, the Pb-site

Tab. 9 Chemical composition of cesarolite (wt. %)

mean 1 2 3 4
CaO 0.15 0.19 0.15 0.09 0.17
BaO 0.02 0.00 0.02 0.00 0.06
Fig. 22 Surface of carminite aggregate composed of elongated tabular MgO 0.01 0.00 0.03 0.00 0.00
crystals. Krupka. Width of the area 30 pm. The BSE photograph by PbO 29.98 30.97 28.74 29.85 30.36
J. Sejkora.
CuO 3.28 3.54 3.25 3.66 2.66
V4 .1 2 .1 .1 2
Tab. 8 Chemical composition of carminite (wt. %) no 0.18 020 018 0.16 0-20
ALO, 0.99 1.44 0.85 0.59 1.09
mean 1 2 3 Fe O, 0.72 0.55 0.17 1.40 0.75
Ca0 0.19 0.16 0.17 0.24 MnoO, 57.67 5827  57.88 5807  56.48
PbO 38.01 38.77 40.07 35.20 Sio, 0.07 0.02 0.15 0.12 0.00
Cu0 0.21 0.00 0.36 0.26 As,0, 236 313 1.67 1.91 2.72
Z‘;O 086 085 0.63 112 PO, 009 019 004 008 0.5
ALO, 0.3 013 0.09 076 SO, 0.06 0.02 0.03 0.15 0.04
Fe,O, 21.20 21.11 21.12 21.37 a 0.07 0.05 0.08 0.05 0.08
Sio, 0.30 0.00 0.00 0.89 . ’ ' ’ ) ’ ' )
As,0, 30.40 30.60 29.87 30.72 0=C “0.0r 001200 -oor 00
*
PO, 1.35 134 1.58 113 H,0 4.71 4.83 4.64 4.70 4.64
Cl 0.04 0.05 0.03 0.03 Ca?* 0.012 0.015 0.012 0.007 0.014
H,0* 2.83 2.82 3.04 2.64 Ba* 0.001 0.000 0.001 0.000 0.002
0=Cl -0.01 -0.01 -0.01 -0.01 Mg** 0.001 0.000 0.003 0.000 0.000
Total 95.86 96.01 97.08 94.49 Pb* 0.598 0.599 0.585 0.592 0.616
Ca> 0.023 0.020 0.022 0.028 Cu* 0.183 0.192 0.185 0.204 0.152
Pb* 1173 1.208 1.265 1.052 Zn** 0.010 0010  0.010 0009  0.011
Cu 0.018 0.000 0.032 0.022 Fe* 0.040 0030 0010 0078  0.042
2+
o 0.073 0.073 0.054 0.092 S Pb-site 0932 0969 0882 0940  0.934
Al 0.044 0.018 0.012 0100 Mn* 2.954 2.893 3.026 2.958 2.943
Fe’" 1.829 1.839 1.863 1.786 .
- Si* 0.005 0.001 0.011 0.009 0.000
% Fe-site 1.964 1.929 1.962 1.999 .
Si** 0.034 0.000 0.000 0.099 As 0.091 0.117 0.066 0.074 0.107
5+
As™ 1.822 1.852 1.831 1.784 P 0.0060.012 0.002  0.005  0.003
ps 0.131 0.132 0.157 0.106 N 0.003 0.001 0.002 0.008 0.002
¥ T-site 2.000 2.000 2.000 2.000 Clr 0.008 0.006 0.010 0.006 0.011
Crl 0.007 0.009 0.007 0.006 (OH) 2.326 2314 2.344 2.313 2.332
(OH) 2.164 2.177 2.378 1.956 % OH-site 2.334 2.320 2.354 2.319 2.343
Mean and 1-3 spot analyses of carminite from Krupka. Mean and 1- 4 — spot analyses of cesarolite from Krupka.
Coefficients of empirical formula were calculated on the basis of Coefficients of empirical formula were calculated on the basis of all
(P+As+Si+S)=2; determined elements = 4;
*H,O content was calculated from charge balance. *H,0 content was calculated from the charge balance.
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contains in addition to dominant Pb (0.59-0.62 apfu)
elevated contents of Cu (max. 0.20), Al (max. 0.12) and
Fe (up to 0.08 apfu). The empirical formula of the studied
cesarolite (average of four spot analyses) calculated on
the basis of a total of all determined metal and semi-metal
elements = 4 is: (Pb, Cu, Al Fe .Ca  Zn
(Mn2.95ASO.09Si0.OlP0.01)

[(OH), ,,Cl

0.01)):0.93

23.0606 0.01]22.34'

7. Conclusions

Supergene mineral association with abundant Cu-rich
members of beudantite—segnitite series (alunite super-
group) occurs in the Krupka deposit, the Kru§né hory
Mountains, Czech Republic. The association includes
mimetite, scorodite, pharmacosiderite, cesarolite and
carminite. Refined unit-cell parameters and quantitative
chemical analyses for these minerals are reported. The
following sequence of crystallization of supergene miner-
als was determined: mimetite — beudantite—segnitite —
pharmacosiderite, scorodite, cesarolite and carminite.

Copper-rich members of the beudantite—segnitite series
from the Krupka ore deposit are notable for their as yet
highest measured copper contents (up to 0.90 apfu Cu).
Comparably high Cu contents were previously reported
only for As-poor and S-rich members of alunite super-
group (plumbojarosite—beaverite series). The analytical
data prove that Cu?* enters the B** site according to a he-
terovalent substitution Fe**Cu** | — (AsO,)*(SO,)* . The
X-ray powder patterns and refined unit-cell parameters
are in good agreement with data published for minerals of
the beudantite—segnitite series. The elevated Cu contents
have no distinct influence on unit-cell parameters.
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