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Pb dominant members of crandallite group from Cinovec Sn-W deposit and Moldava fluorite deposit (Kruné hory Mts., Czech Republic)
were studied by X-ray powder diffraction, chemical analyses and infrared spectroscopy. The minority content of indium (up to 2.44 wt. %
In,0,) in the B position of general formula observed in beudantite sample from Cinovec is the first known assertion of this chemical

element in minerals of the crandallite group.

The pronounced dependence of the lattice parameters on the Al/Fe ration in B position and As/P in X position of general formula for Pb-
dominant members of crandallite group was established. Extensive isomorphism in all three positions in general formula of the crandallite

group minerals was confirmed.
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Introduction

Composition of mineral phases included in the crandal-
lite group, also called the alunite — jarosite family, can
be characterized by the general formula 1‘3x1533¢:}{()4)2(OH)6
or AB3 (X04)(X030H)(0H}ﬁ. However, some authors
(e. g. Mandarino 1999) separate this extensive group in
alunite, beudantite and crandallite groups. Many phases
have been classified as members of this group depend-
ing on the occupation of the A, B, and X positions in the
formula. Large cations such as Na, K, Ag, NH,, H,0",
Ba, Bi, Ca, REE, Pb, Sr, Th in 12-coordination were ob-
served in the A position, Al, Fe, Cu, Cr, V, Ga and Zn in
octahedral coordination in the B position, and As, P, S,
Cr and Si in the tetrahedral X anion position. A slightly
different formula was proposed by Somina and Bulach
(1966), in which M?** and M?** elements in the A position
compensate the presence of (XO,0H) group in the an-
ion. The modified formula was presented as (A*
A*)B,[(XO,),, (XO,0H), (OH),]. Investigation of the
crandallite (Blount, 1974) and gorceixite (Radoslavich,
1982) structures indicates that the extra proton is actual-
ly attached to one of the XO, anions. So, the general for-
mula may be better written as AB,(XO,)(XO,0H)(OH),
(Scott 1987).

In the crandallite group, there are eight known min-
eral phases (arsenates and phosphates) in which Pb in the
structural A position dominates (Mandarino 1999, Pring
et al. 1995) (Table 1)

Up to now, crystal structures have been determined only
for some members of the crandallite group. Hendricks
(1937) described crystal structures of alunite and jarosite

in the space group R 3m. Pabst (1947) determined alunite-
type minerals in the space group R —3m and for the first
time published atomic coordinates and further structural
data for alunite, svanbergite and woodhouseite. Crystal
structures of some minerals have been refined in this space
group: goyazite and woodhouseite (Kato 1971, 1977),
crandallite (Blount 1974), svanbergite (Kato — Miura
1977), beudantite (Giuseppetti — Tadini 1989), kintoreite
(Kharisun et al. 1997), dussertite (Kolitsch et al. 1999a),
hindsdalite and plumbogummite (Kolitsch et al. 1999c).
Giuseppetti and Tadini (1987) inferred the space group
R 3m for corkite and Jambor et al. (1996) for gallobeu-
dantite. Radoslavich (1982) determined the monoclinic
space group Cm for gorceixite. Szymanski (1988) estimat-
ed the space group R —3m for two crystals of beudantite
and the triclinic cell for the third one.

The basic structural motive is formed in the case of
the minerals of the crandallite group by octahedra with
central atoms Al** and Fe**. Each octahedron shares four

Table 1 Pb dominant members (arsenates, phosphates) of crandal-
lite group.

Fe>Al (in B site)

kintoreite PbFe (PO,)(PO,0H)(OH),
corkite PbFe (PO,)(SO,)(OH),
beudantite PbFe (AsO,)(SO,)(OH),
segnitite PbFe,(AsO )(AsO,OH)(OH),
Al>Fe (in B site)

plumbogummite PbAL(PO)(PO,OH)(OH),
hinsdalite PbAl,(PO,)(SO,)(OH),
hidalgoite PbAIL(AsO,)(SO)(OH),
philipsbornite PbAI(AsO,)(AsO,OH)(OH),
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corners (hydroxyls) with four other adjacent octahedra.
The remaining corners of each octahedron are occupied
by oxygen atoms, lying in opposite sides of the plane,
formed by hydroxyls. Such arrangement enables forma-
tion of a sheet built up of larger hexagonal rings and
smaller trigonal ones perpendicular to the ¢ axis. Cations
in the A position (Pb, Ca, Sr.) lie between separate sheets
in large cavities asymmetrically surrounded by six oxy-
gens and six hydroxyls. Three oxygens in the apexes of
each octahedron triad simultaneously form a basis of
phosphate (arsenate, sulfate) tetrahedra. The remaining
unshared oxygen of each tetrahedron points to the six-
fold ring of octahedral hydroxyls (up and down towards
the ¢ axis — depending on the octahedra orientation) to
which it is hydrogen bonded (Scharm — Scharmova
1995).

Occurrence
Cinovec

The Sn-W deposit Cinovec is located approximately
15 km north of Teplice, Kru$né hory Mts., Czech repub-
lic. The vein deposit Cinovec is situated in apical part
of elevation of lithium albite granite, which formed at
surface irregular ellipsis with dimensions 800 x 1500 m.
This “classical” vein deposit is represented by system of
subhorizontal veins, which are accompanied by lateral

greisenization. In 1988, during an inspection of workings
mined in 1942-1944 on the vein Nr. 1, between the first
and second level, there was observed a relatively rich
occurrence of supergene mineralization in residual pil-
lars (Jansa et al. 1998). Detailed description of the geo-
logical location and the rich supergene mineral associa-
tion (nearly 30 mineral species), have been recently
described by Jansa et al. (1998).

At Cinovec, beudantite was found only rarely on sev-
eral samples as crystalline thin coatings and films on
quartz gangue. Its color is green to greenish yellow. Beu-
dantite forms euhedral well-formed trigonal crystals up
to 50 um in size (Fig.1). Its individual crystals grow on
gangue; penetration twins (Fig. 2) and rosette aggregates
(Fig. 3) are also observed.

Segnitite from Cinovec was described in detail by Jan-
sa et al. (1998). There, it forms relatively common fine
crystalline coatings (area up to 10 cm?) in cavities of
quartz gangue, and has greenish yellow to yellow green
or gray yellow to brownish yellow color. These segnitite
coatings are growing to opal or stolzite crust and close
wulfenite crystals at some places, too. The barium-phar-
macosiderite coatings are the youngest minerals in this
association.

Philipsbornite was found at Cinovec only on some
samples as grayish to yellowish green thin coatings on
“wood” cassiterite and as fillings of tiny cavities of quartz
gangue. As a rule, cassiterite is first coated by opal, stolz-

Fig. 1 Scanning electron micrograph of euhedral trigonal crystals of beudantite from Cinovec (ESM Tesla BS 340, photo by L Cejkové and

J. Sejkora, National Museum, Prague).
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Fig. 2 Scanning electron micrograph of penetration twins of beudantite from Cinovec (ESM Tesla BS 340, photo by I. Cejkova and J. Sejkora,
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National Museum, Prague).

Fig. 3 Scanning electron micrograph of rosette aggregate of beudantite from Cinovec (ESM Tesla BS 340, photo by I. Cejkova and J. Sejkora,
National Museum, Prague).
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ite follows as a next phase and philipsbornite represents
the youngest mineral in this association. Very thin iso-
metric crystals (up to 4-9 1m in size) were observed spo-
radically on the surface of its irregular coatings (David
et al. 1990).

Moldava

The studied samples were found at the Moldava depos-
it, Krusné hory Mts. (Czech Republic). The mining dis-
trict Moldava is located approximately 20 km northwest
of Teplice and is represented by two main fluorite—bar-
ite—quartz veins, Josef and Papousek, which are the larg-
est among similar veins occurring in the crystalline rocks
of the Krusné hory Mts.

The fluorite-quartz-barite veins with NW-SE direction
can be traced for about 5 km. They were verified in depth
of 700 m below the surface by bore holes. The thickness
of veins is usually 2-3 m, locally increases to 6 m. The
wallrock of veins is composed of various ortho- and
paragneisses as well as granitoide. The vein-filling is
massive or displays cavities filled with green, yellow
a violet fluorite crystals. Later on, occasional small
stringers of galena, Ni-skutterudite, rammelsbergite, saf-
florite, marcasite, proustite, tennantite, native silver and
bismuth are observed.

Under weathering conditions, these primary ore min-
erals have been partially oxidized, leading to a very rich

- . s

assemblage of supergene minerals, predominately arsen-
ates and sulfates. The oxidation zone was discovered in
1968 at the fifth level of the Josef shaft (150 m below
the surface) and continued up to the 7th level at the depth
of 300 m (Fengl 1982). Mineralogy of the weathering
zone in vein Josef was studied by Fengl et al. (1981) and
more recently by Sejkora and Ridkosil (1994) and Sej-
kora et al. (1994, 1998).

Two samples of beudantite from Moldava were stud-
ied. In both cases, beudantite occurs in strongly super-
gene altered fluorite gangue (colorless, white and violet).
The sample (A) of beudantite forms fillings of small cav-
ities (up to 0.5 cm) and crystalline coatings and earthy
to compact crusts. It has yellowish brown color. Its sur-
face is formed by tiny (up to 10 um in size) trigonal crys-
tals (Figs 4, 5). The beudantite (B) sample was found as
olive brown compact crusts (thickness up to 3 mm) in
cavities (up to 1 cm in size) of fluorite gangue. These
crusts have greasy to vitreous luster and reniform to glob-
ular smooth surface. In close association with both sam-
ples, mimetite and cerussite were observed.

At Moldava, segnitite forms fillings of small cavities
in strongly supergene altered fluorite gangue and crusts
(thickness 0.5-2 mm) in larger cavities (up to 1.5 cm)
with reniform to globular surface. Surface of crusts is
usually smooth, only occasionally trigonal crystals with
size in the range 3-40 um (Figs 6, 7) were observed. Seg-
nitite crusts have dark green to greenish black color and

Fig. 4 Scanning electron micrograph of groups of trigonal crystals of beudantite from Moldava (ESM Tesla BS 340, photo by L. Cejkovd and
1. Sejkora, National Museum, Prague).
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Fig. 5 Scanning electron micrograph of trigonal crystals of beudantite from Cinovec (ESM Tesla BS 340, photo by 1. Cejkovd and J. Sejkora,
National Museum, Prague).
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Fig. 6 Scanning electron micrograph of surface of segnitite crusts from Moldava (ESM Tesla BS 340, photo by L Cejkova and J. Sejkora, Na-
tional Museum, Prague).
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greasy to vitreous luster. Mimetite, phosphatian mime-
tite and cerussite were determined in close association.

Philipsbornite has been found at Moldava only very
rarely as grayish to apple green fine grained aggregates
on mimetite and fluorite. The size of these aggregates
reaches 10 x 20 x 1 mm. Its luster is greasy, fracture un-
even and cleavage was not observed. It is associated with
mimetite, thometzekite, mawbyite and other Cu-Pb min-
erals (Sejkora et al. 1998).

At Moldava, plumbogummite was found in the form
of blue to bluish gray fine grained aggregates (up to
3 cm) in the cavity of quartz. Fluorite gangue. It has
greasy to vitreous luster and no cleavage. The surface of
plumbogummite aggregates is composed of fine lenticu-
lar to spherical aggregates up to 1 mm in size (Fig. 8).
The sometimes hollow aggregates (Fig. 9) probably
present pseudomorphs from crystals of pyromorphite and
are formed of up to 10 mm large perfectly developed trig-
onal crystals. Plumbogummite is associated with wulfen-
ite, pyromorphite, phosphatian mimetite, duftite and
cerussite (Sejkora et al. 1998).

X-ray powder diffraction data

X-ray powder diffraction patterns (Table 2) were obtained
from a hand-picked samples using the diffractometers
HZG4/TuR and DRON 3 (CuKo and CoKao radiation,
step-scanning). To minimize complicated shape of back-

Fig. 7 Scanning electron micrograph of groups of trigonal crystals of segnitite from Moldava (ESM Tesla BS 340, photo by I. Cejkovi and
I. Sejkora, National Museum, Prague).

ground due to classic glass sample holder, the sample
studied was placed on the surface of flat silicon wafer
from alcoholic suspension. Positions and intensities of re-
flections were calculated using Pearson VII profile shape
function by ZDS program package (Ondru§ 1995). In
order to index the powder diffraction patterns, informa-
tion on crystal structures of each mineral phases was used
to generate the theoretical powder data by the Lazy Pul-
verix program (Yvon et al. 1977). The lattice parameters
of studied mineral phases (Table 3 and 4) in following
text were calculated by the least-squares refinement pro-
gram of Burnham (1962).

The a/c diagram in Fig. 10 was constructed using unit
cell dimensions of the minerals studied together with
those published for other Pb dominant members of the
crandallite family (Lengauer et al. 1994 and others). In
this a/c diagram, As, P and Al, Fe members of this fami-
ly fill limited fields. This fact demonstrates the possibil-
ity to distinguish these mineral phases on the basis of
their lattice unit cell parameters. Fe** or AI** content in
the B position of the general formula is manifested with
a difference in the parameter a in the range 0.2-0.3 A,
which agrees with ion radii Fe’* (0.64 A) and Al
(0.51 A) (Scott 1987). The lattice parameter ¢ is influ-
enced especially by As-P substitution in the (XO,) site
of the general formula. A substitution of P in the tetra-
hedron (average bond length 1.56 A — Scott 1987) by As
(1.78 f\) causes an increase in the ¢ parameter by about
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Fig. 8 Scanning electron micrograph of aggregates of plumbogummite from Moldava (ESM Tesla BS 340, photo by L. Cejkovd and J. Sejkora,
National Museum, Prague).
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Fig. 9 Scanning electron micrograph of surface of aggregates of plumbogummite from Moldava (ESM Tesla BS 340, photo by 1. Cejkovd and
J. Sejkora, National Museum, Prague).
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Table 2 X-ray powder diffraction data for samples studied.

beudantite segnitite beudantite (B) beudantite (A)
Cinovec*1 Moldava*2 Moldava*3 Moldava*4

h k ] dulﬂ Iﬂo dczlr obs UIO dcalr dohs mo dcalc dubs ]ﬂo calc

1 0 1 5.980 37 5.980 5.990 34 5.980 5.970 T7 5.960 5.960 66 5.960
1 0 4 5.710 9 5.690 5.710 10 5.700 5.670 16 5.680 5.670 10 5.670
1 1 0 3.685 47 3.686 3.689 66 3.687 3.675 89 3.675 3.671 49 3.673
1 0 4 3.549 24 3.549 3,555 24 3.553 3.564 20 3.539 3.533 10 3.536
1 1 3 3.094 100 3.094 3.098 100 3.096 3.085 100 3.085 3.083 100 3.083
1 1 =3 3.094 3.096 3.085 3.083
2 0 2 2.990 35 2.990 2992 36 2.991 2.982 20 2.981 2.978 16 2.979
0 0 6 2.847 36 2.846 2.854 36 2.851 2.836 27 2.838 2.835 19 2.835
0 2 4 2.556 27 2.556  2.560 33 2.558 2.548 15 2.549 2.546 14 2.547
1 2 -1 2.389 18 2.389 2.389 30 2.390 2.381 14 2.382 2.380 7 2.381
2 1 1 2.389 2.390 2.382 2.381
2 1 =2 2.324 16 2322 2323 30 2.323 2316 16 2.315 2.316 11 2.314
1 2 2 2.322 2.323 2.315 2.314
1 0 7 2.278 35 2.279 2,283 38 2.283 2272 21 2.272 2.271 14 2.270
1 1 6 2.253 20 2.253 2257 31 2.255 2.245 12 2.246 2.243 8 2.244
1 1 -6 2.253 2.255 2.246 2.244
30 0 - 2.129 28 2,128 2121 17 2.122 2.121 11 2.121
1 2 -4 - 2.101 28 2.102 2,101 14 2.095 2.097 10 2.093
2 1 4 - 2.102 2.095 2.093
30 3 1.9931 36 1.9932 1.9948 52 1.9940 1.9869 27 19876 1.9858 23 1.9862
0 3 3 1.9932 1.9940 1.9876 1.9862
2 1 -5 1.9698 13 1.9706 1.9701 3 1.9722 1.9631 6 1.9651 1.9622 4 1.9636
1 2 5 1.9706 1.9722 1.9651 1.9630
2 2 0 1.8424 29 1.8428 1.8438 55 1.8433 1.8373 30 1.8377 1.8363 14  1.8364
2 1 17 1.7155 14 1.7154 1.7149 31 1.7172 - -

1 2 =7 1.7154 1.7172 - -

1 1 9 1.6867 19  1.6869 1.6894 34 1.6895 1.6817 8 1.6822 1.6801 6 1.6807
1 1 -9 1.6869 1.6895 1.6822 1.6807
2 2 6 1.5465 19 1.5469 1.5486 35 1.5480 1.5422 8 1.5425 1.5409 8 1.5414
2 2 -6 1.5469 1.5480 1.5425 1.5414
0 2 10 1.5060 14 1.5057 1.5085 32 1.5079 1.5015 6 1.5014 1.5017 6 1.5001

*1 Diffractometer HZG 4, CuKo radiation, step scanning 0.05 “26/6 sec., measured range 12-64 °20.
*2 Diffractometer HZG 4, CuKo: radiation, step scanning 0.05 *26/6 sec., measured range 10-70 °26.
*3 Diffractometer DRON 3, CoKa radiation, step scanning 0.02 °26/3 sec., measured range 10-78 "26.
*4 Diffractometer DRON 3, CoKa radiation, step scanning 0.02 °26/3 sec., measured range 10-78 "26.

Table 3 Unit cell parameters for Pb and Fe dominant members of the crandallite group (for trigonal R 3m or R —3m space group).

occurrence A B X a c cla \"
segnitite Moldava this paper Pb | Fe | As 7.373(1) 17.108(4) 2.320 805.4(2)
segnitite Cinovec Jansa et al. (1998) Pb | Fe | As 7.348(3) 17.09(1) 2.326 799.1
segnitite Broken Hill Birch et al. (1992) Pb | Fe | As 7.359(3) 17.113(8) 2.326 802.6
segnitite St. Andreasberg Bischoff (1999) Pb | Fe | As 7.376(1) 17.145(2) 2.324 807.8
segnitite Piitzbach, Bad Ems Bischoff (1999) Pb | Fe | As 7.364(1) 17.145(4) 2.328 805.2
beudantite Cinovec this paper Pb | Fe | As, S 7.3713(9) | 17.076(2) 2.317 803.5(1)
beudantite Moldava (A) this paper Pb | Fe | As, S 7.346(1) 17.012(5) 2.316 795.0(3)
beudantite Moldava (B) this paper Pb | Fe | As, S 7.351(2) 17.028(8) 2.316 796.8(5)
beudantite Dernbach Giuseppetti, Tadini (1987) | Pb | Fe | As, S 7.337 17.034 2.322 794.1
beudantite Tsumeb Szymanski (1988) Pb | Fe | As, S 7.3151(9) | 17.0355(5) | 2.329 789.5
Table 4 Unit cell parameters for Pb and Al dominant members of crandallite group (for trigonal R 3m or R —3m space group).
occurrence A B X a c c/a A"
philipsbornite Moldava Sejkora et al (1998) Pb Al As 7.073(7) 17.14(3) 2.423 742.6
philipsbornite Cinovec David et al. (1990) Pb Al As 7.14 17.13 2.399 756.3
philipsbornite Tsumeb Schmetzer et al. (1982) Pb Al As 7.174 17.18 2.395 765.7
philipsbornite Dundas Walenta et al. (1982) Pb Al As 7.11 17.05 2.398 796.4
plumbogummite  Moldava Sejkora et al. (1998) Pb Al P 7.023(7) 16.97(7) 2.416 724.9
plumbogummite  Reichenbach  Kolitsch et al. (1999) Pb Al P 7.039(5) 16.761(3) 2.381 719.2(7)




Journal of the Czech Geological Society 46/1-2(2001)

61

oW Al Fe
17.20 |- A
O
., 20
\4
*x [ N7
17.00 L Xxx %
. x
16.80 | ++ % 8
Fig. 10 The a/c plot for Pb domi- O
nant members of crandallite group.
® — plumbogummite (this paper), 16.60 |
O — plumbogummite, + — hinsdalite,
x — hidalgoite, ® - philipsbornite
(this paper), [] - philipsbornite,
¥ - beudantite (this paper), ] | 1 ] ] ]
V — beudantite, A& — segnitite (this a [A]
paper), A — segnitite, ® — Kintore- 7.00 7.20 7.40

ite, & — corkite.

0.2-0.4 A. The presence of (SO,)* ions (1.55 A, Jam-
bor et al. 1996) influences the lattice parameters less than
other anions (Sejkora et al. 1998). The unit cell parame-
ters of samples studied are in good agreement with oth-
er published data (Fig. 10). The arsenatian plumbogum-
mite from Moldava is an exception; it occupies a position
between the fields belonging to plumbogummite (P) and
philipsbornite (As) in the diagram.

Chemical composition

Quantitative chemical analyses were carried out by means
of JEOL JXA-50A electron microprobe in an energy dis-
persive mode (EDAX PV 9400, performed by V. Srein
and A. Langrovd), operated at an acceleration potential
30 kV, a sample current 5.7 . 10"° A and 1-2 pum elec-
tron beam size. The reported H,O percentages for each
specimen were calculated on the basis of valence balance
in the proposed general formula AB,(XO,)(XO,0H)
(OH), or AB,(XO,)(SO,)(OH),, respectively. Empirical
formulae were calculated on the basis of six atoms (1 in
the A position, 3 in the B position, 2 in the X position)
and recalculated on the sum (AsO,0OH) + (SO,) = 1.00
Chemical composition of the minerals studied agrees
with the stoichiometry (Tables 5 and 6).

Two samples of beudantite from Moldava were ana-
lyzed: sample (A) — moderately zoned beudantite with
sulfate content in the range 35-50 mol. %, (Fig. 11). Em-
pirical “average” formula (mean of 4 point analyses):
(Pb, Ba,).S, (Fe, Al ,Cu Sb (AsO))

2.77 0.12 0.05
(AsO,0OH), (SO,),,,(PO,) (OH)

sample (B) has strongly zonal composition: middle of ag-
gregates is formed by beudantite with 48 mol. % sulfate,
sulfate content gradually decreases and margin zone is
composed by segnitite with only 16 mol. % sulfate. Em-
pirical formula, which represents hypothetical “average”
composition of this sample (mean of 3 point analyses) is
(Pbl.[)(\BaO.OZ)EI,US(Fe AlD.l}SCU Sb (ASO4)

2.81 0.07
(AsO,0H), ,,(SO,)

(PO,), ,,(OH)

Beudantite from Cinovec is relatively strongly zoned
(Fig. 12) — middle of crystals is represented by beudan-
tite with up to 47 mol. % sulfate, sulfate content decreases
to the margin and the marginal part is formed by segni-
tite with only 23 mol. % sulfate. Empirical formula, which
represents hypothetical “average” composition of this
sample, may be expressed (mean of 6 point analyses) as
(PbI.UBBaO.UE)SI.US(Fe Al CU InD.meII.I!S)SZQS(ASOxl)

272001 0.05
(AsO,0H) ,,(SO)), ,(PO,), ,,(OH)

0.02)22.96 0.85

0.82 0.10 6.18

U.(JZ)EZ.‘}?. 0.85

0.37 0.63 6.21"

0.86

0.33 0.67 .10 6.08°
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Table 5 Chemical composition of segnitite from Moldava and
Cinovec.

Moldava Cinovec*1 Cinovec*2 *3

mean mean mean
As,0, 27.10  26.66-27.74  30.7 24.6 30.42
ALO, 065 0.09- 1.18 2.3 0.5
P,0, 0.79 0.33- 1.32 - 0.7
SO, 1.58 1.11- 1.90 - 4.1
PbO 3224  31.46-32.95  30.7 30.6 29.54
Sb,0,  0.93 0.64— 1.32 - -
BaO 0.48 0.00- 1.06 0.6 -
Fe,0, 27.11  2574-27.68 26.1 30.5 31.70
CuO 1.92 1.52- 2.11 1.4 0.8
H,0* 6.72 6.9 7.1 8.35
total 99.52 98.70 98.90  100.00
As 1.776 2.011 1.579 2.000
Al 0.096 0.332 0.072
P 0.084 0.073
S 0.148 0.378
Pb 1.091 1.036 1.010 1.000
Sb 0.043
Ba 0,024 0.027
Fe 2.557 2.461 2.818 3.000
Cu 0.181 0.133 0.070

*] sulfate free segnitite from Cinovec (Jansa et al. 1998)

*2 segnitite from Cinovec (Jansa et al. 1998)

*3 theoretical composition of segnitite — PbFe,(AsO,)(AsO,0H)(OH),
H,0* — content of H,O calculated on the basis on valence balance

The observed indium contents are remarkable to a large
extent, which reach up to 2.44 wt. % In,O, in the mar-
ginal parts of the crystals studied. The indium contents
in the minerals of the crandallite group have not yet been

Table 6 Chemical composition of beudantite from Moldava and Cinovec.

published. The finding of In-containing beudantite for
Cinovec may be probably related to a certain indium
amount mobilized during supergene process of roques-
ite. Novik et al. (1995) described also a rare mineral
dzhalindite In(OH),, of the same association as beudan-
tite studied in this paper.

Segnitite from Moldava is relatively homogeneous —
its empirical formula (mean from 8 point analysis) is:
(Pb, ,,Ba, )y, (Fe,  Cu Al | Sb (AsO))

2.56 0.18 0.10
(AsO,0H), ,(SO,), 5(PO,), x(OH), , -

According to Jansa et al. (1998), two segnitite types
may be characterized from Cinovec, i.e. the dominant
phase not containing sulfate ions with somewhat high-
er Al content, the empirical formula of its being
(PbI.l]-lBaO.OS)Sl,O?(FCEAGCUO.ISAI (Asod)
(AsO,0OH), ,(OH)

and the more rare sulfate rich segnitite, possessing the
empirical formula

Pb I.OI(Fe’2.82CUO.U7AIIJ.0‘?)SQ.96(ASO4)

(804)0.3?( POG)O.U?(OH)S.??'

This segnitite may be, according our classification, re-
lated to beudantite and represents a transition form to
sample analyzed by us.

Philipsbornite from Cinovec (David et al. 1990) is
practically a pure As member with only minimum sul-
fate and phosphate content. Certain contents of Ba in the
A position and Fe in the B position of general formula
were described. Empirical formula:

(Pb, ,.Ba,,Bi Al, [Fe, Cu

D.OZ)EI.Il(l( 2.46 0.48 0.03)22,9? (ASO4)

(PO,), 1,(SO,), 0,(OH), 4 - 1.06H,0.

For philipsbornite from Moldava
(Sejkora et al. 1998), 11 mol. % of

0.04)22.88 0.93

0.85 0.15 0.08

0.33)82.92 1.01

5747

0.95(A5030H)0.m

1.98

0.01 4.88

*1 theoretical composition of beudantite — PbFe (AsO,)(SO,)(OH),

H,O0* — content of H,0 calculated on the basis on valence balance

2~ 3-
Moldava (A) Moldava (B) Cinovec *] (304) a_nd 9 mol. % of (Poa) COI:n'
ponents in X position are characteris-
mean range mean range mean range .

As,0, 19.48 15.21-24.13 16,63 13.93-19,01 18.49  15.53-24.15 16.15 ue.
ALO, 054 027- 091 086 045- 126 077  0.00- 1.34 Empirical formula (mean from two
P,0, 0.87 0.21- 1.34 097 0.19- 1.46 094  0.34- 1.66 point analyses):
SO, 7.03  3.50-10.09  9.27 7.14-10.81 7.23  5.11- 9.86 11.25 Pb  Ca Bi Al Fe
PbO 32.87 31.60-33.74 33.15 32.73-34.05 32.08 29.68-33.93 31.36 (PD,05C0,0,B.03)z1.09( AL 91 F €0 10)53.05
Sb,0, 0.54  0.48- 0.64 047 021- 059 0.68  0.39- 1.29 [CAS, 4Po 13005 5. (AS, 0P 00,0,
BaO 032 0.13- 046 055 035- 072 035  0.00- 0.71 OH). (SO OH) .
Fe,0, 31.13  29.31-32.54 31.07 29.66-32.51 29.34  25.57-32.04 33.65 x4 .4)0-22] (OH), _
CuO 0.74 0.63- 081 0.56 0.18- 0.84 0.57  0.21- 0.89 Arsenatian plumbogummite from
In,0, - - 0.81  0.00- 2.44 Moldava (Sejkora et al. 1998) is prac-
H,0* 172 7.85 7.40 7.60 tically sulfate free and approximately
total 191,24 101.38 98.66 100.00 32 mol. % of the (ASO4)3' (philips-
i? (1).332 é?gg (1):5[1: 1.000 bornite) component are present.
p 0.088 0.097 0.098 Empirical formula (mean from two
S 0.633 0.825 0.669 1.000 |  point analyses):
gl; (l]ggi {l)g;g ég;}‘: (Pb1.(:3630.03)21_oeAl2.94[(P0,54Aso.2504)m79
Ba 0.015 0.026 0.017 (Po_ssASo.wosoH)m.za (504)0.01] (OH)e‘
Fe 2.813 2.772 2.721 3.000 Individual point analyses for all
;;u 0'06? 0'05? ggi; phases mentioned were plotted in the

diagrams for Pb-Fe (Fig. 13) and Pb-
Al (Fig. 14) dominant members of
crandallite group. The classification
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proposed by Novik et al. (1994) for the crandallite group
minerals with Pb dominant in the A position has been
applied for ternary diagrams construction.

At present, it is clear, the isomorphism in the miner-
als of crandallite group seems to be very extensive in all
three positions of the general formula

AB,(X0,)(XO,0H). or AB,(X0,)(SO,).

For all studied samples, Pb is highly dominant in the A
position. The Ca, Ba and Bi contents (with exception of
philipsbornite sample from Cinovec) observed are very
low. Practically, complete isomorphism in the A position
has been well known for a long time. Complete isomor-
phism of Fe-Al in the B position was described by Bro-
phy et al. (1962), Jambor and Dutrizac (1983) and Scott
(1987). On the contrary, Rattray et al. (1996) found only
very limited Fe-Al substitution at samples from Broken
Hill, Australia. Recently Jambor et al. (1996) described
the mineral gallobeudantite containing a dominant
amount of Ga in the B position; the springcreekite phase
studied by Kolitsch et al. (1999b) contains V**. The not
yet described indium content (beudantite, Cinovec) in-
ferred from the minorities in the B position in the struc-
ture of our samples studied seems to be the most inter-
esting. Some Cu (for example Rattray et al. 1996) and
Sb (dussertite, Kolitsch et al. 1999a) containg samples
have been also described.

The (XO,) position isomorphism has been described
only recently (Scott 1987, Birch et al. 1992, Pring et al.
1995, Rattray et al. 1996, Kharisun et al. 1997), its broad
extent for Pb dominant members with prevalence of Al*
and Fe** in the B position is evident from Figs 13 and 14.

Infrared absorption spectroscopy

An assignment and interpretation of the infrared spectra
of the mineral phases studied make problems because of
possible coincidences of anion skeletal vibrations. This
interpretation has been done with regard on some avail-
able infrared and Raman spectroscopical data (e. g. Keller
1971; Farmer 1974; Gevorkyan et al. 1976, Myneni et al.
1998, Sasaki et al. 1998, Liferovich et al. 1999). The T,
symmetry of (AsO,)’ is rarely preserved in the natural
samples because of the arsenate anion strong affinity to
protonate, hydrate and complex with metals (Myneni
et al. 1998).

Infrared spectra of beudantite (from Cinovec), segni-
tite and arsenatian plumbogummite (both from Molda-
va) samples were measured with the FTIR Nicolet 740
type apparatus (absorption spectrum of the mineral phase
dispersed in KBr disk).

Bands observed in the 3600-2000 cm™ region were
tentatively assigned to the v OH stretching vibrations re-
lated to hydroxyls and molecular water, and v PO,-OH
and probably to v AsO,OH vibrations (Tables 7-9). The
presence of molecular water is confirmed by 6 H,O bend-
ing vibrations in the 1600 cm™ region (beudantite
1634 cm™'; segnitite 1632 cm™'; plumbo-gummite 1656

mol. %
sulphate
50 -
40+
30+
1 2 3 4
central part margin

Fig. 11 The graph of chemical composition of zoned beudantite (A)
from Moldava.

mol. %
sulphate

40~

30F

20

central part margin

Fig. 12 The graph of chemical composition of zoned beudantite from
Cinovec.

and 1619 cm™). In the case of plumbogummite, two
structurally nonequivalent types of water molecules in the
structure may be inferred from the sharp band at 1656
cm™' and a shoulder at 1619 ¢cm™. This is in agreement
with thermogravimetric analysis of plumbogummite (Se-
jkora et al. 1998). Lowering of the wavenumbers of v OH
stretching vibrations, broad character of bands in the
3300-3200 cm™' region, and increasing of wavenumbers
of & H,0 vibrations support existence of hydrogen bond-
ing networks in all mineral structures studied. It does not
seem probable that these structures may contain free hy-
droxyls not participating in hydrogen bonding networks.

Weak bands and shoulders observed in the range
1500-1100 cm™' may be assigned to & P-OH and/or 6 As-
OH in-plane bending vibrations (beudantite 1235 cm™;
segnitite 1434, 1277, 1214, 1162 cm™'; plumbogummite
1496, 1414, 1281, 1182 cm™). Some coincidences with
overtones and/or combination bands are possible. In
the case of beudantite, however, a very strong band at
1100 cm™ and shoulders at 1169 and 1235 ¢cm™', and in
the case of segnitite a strong band at 1090 cm™', weak
bands at 1277 and 1214 em™ and a shoulder at 1162 cm™'
may be assigned to the v, SO, antisymmetric stretching
vibrations. Two sharp bands at 1100 and 1029 ¢cm™' and
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a shoulder at 1182 cm™' ob-
served in the infrared spectrum
of plumbogummite may be
connected with the v, PO, and
v, PO, antisymmetric triply
degenerate stretching vibra-
tions. There may be some
coincidences of the v, PO, an-
tisymmetric stretching vibra-
tions at 1029 cm™. However,
an assignment of shoulders at
1035 cm™' (beudantite) and
1024 cm™ (segnitite) may re-
late to the & As-OH in-plane
bending vibrations. A shoulder
at 999 ¢cm™' (beudantite) and
995 cm™' (segnitite) may be
connected with the v, SO,
symmetric stretching vibra-
tions.

A band at 803 cm™' with
a shoulder at 854 cm™ (beu-
dantite), and bands at 802 and
849 cm™! (segnitite) may be as-
signed to the v, AsO, antisym-
metric triply degenerate
stretching vibrations and v,
AsO, symmetric stretching vi-
bration, respectively. However,
there may be a coincidence
with the d As-OH out-of-plane
bending vibration. For plum-
bogummite, a broad band
at 851 cm™! may be assigned to
the v, AsO, antisymmetric
triply degenerate stretching
vibration and a shoulder at
784 cm™ to the v, AsO, sym-
metric stretching vibration
and/or & P-OH out-of-plane
bending vibration. Bands at
687 and 621 cm™' (beudantite)
are assigned to the n, SO, tri-
ply degenerate bending vibra-
tion, however, there may be
a coin-cidence with d As-OH
bending vibration and/or v As-
-OH stretching vibration. In the
infrared spectrum of segnitite,
a band at 690 cm™ may be as-
signed to the v As-OH stretch-
ing vibration, bands at 621 and
523 cm™ to the & As-OH out-
of-plane bending vibrations.
Some coincidences of the v,
SO, triply degenerate bending
vibrations and the v As-OH
stretching vibration at 690 cm™!

beudantite

T
LR
o
=
W
Z.
o

\
/

segnitite kintoreite

Fig. 13 The As-P-S diagram for Pb and Fe dominant members of the crandallite group. Divided into
the fields according to Novik et al. (1994). Black circle — Cinovec samples, gray circle — Moldava
samples, open circle — published data.

philipsbornite plumbogummite

Fig. 14 The As-P-S diagram for Pb and Al dominant members of the crandallite group. Divided into
the fields according to Novdk et al. (1994). Black circle — Cinovec samples, gray circle — Moldava
samples, open circle — published data.
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Fig. 15 The infrared absorption spectra of sample studied (KBr disk).

a) segnitite, Moldava; b) plumbogummite, Moldava; ¢) beudantite, Cinovec

and the & As-OH out-of-plane bending vibration at
621 cm™' cannot be excluded.

A band at 582 cm™' with a shoulder at 618 cm™ ob-
served in the infrared spectrum of plumbogummite is as-
signed to the v, PO, triply degenerate bending vibrations.
A band at 465 cm™ with a shoulder at 509 ¢cm™' (beudan-
tite), at 465 cm™' with a shoulder at 436 cm™ (segnitite)
may be connected with the v, AsO, triply degenerate bend-
ing vibrations, 8 AsO, bending vibrations, v, SO, doubly
degenerate bending vibration and probably also O-Fe vi-
bration. A weak band at 430 cm™' with a shoulder at
477 cm™ (plumbogummite) may be assigned to the v, PO,
doubly degenerate and/or v, AsO, triply degenerate and/
Jor 3 PO, or d AsO, bending vibrations.

T, symmetry of phosphate, arsenate and sulfate groups
and C, symmetry of PO,OH and AsO,OH groups are
lowered. This is characterized by splitting of degenerate
vibrations. However, it is difficult to infer the site sym-
metry of these groups in the structures because of coin-
cidence of related vibrations. It is, therefore, also not un-
ambiguously possible to define the number of these
vibrations which may enable to assume structurally non-

Table 7 Infrared absorption spectrum of beudantite from Cinovec.

[em™) Tentative assignment

3573 m sh

3406 s

3254 m sh v OH stretching vibrations

2028 w

2848 w

2174 VW v OH stretching vibration in AsO,OH (?)

1634 m 0 H,O bending vibration

1235 m sh

1169 s sh v, SO, antisymmetric stretching vibration

1100 s

1035 s sh 8 As-OH in-plane vibration

999 m sh v, SO, symmetric stretching vibration

854 m sh Vs AsO,, v, AsO, antisymmetric stretching,
) v, AsO, symmetric stretching,

803 s & AsOH out-of-plane bending vibrations

687 w v, SO, antisymmetric stretching,

621 w & AsOH bending vibrations

509 m sh v, AsO, bending, v, SO, bending,

476 $-V§ & AsO, bending, O-Fe stretching vibrations

FTIR spectrophotometer Nicolet 740, KBr tablet.

Intensity and character of absorption bands: vs — very strong, s — strong,
ms — medium strong, m — medium, mw — medium weak, w — weak,
vw — very weak; b — broad, sh — shoulder, sr — sharp.
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Table 8 Infrared absorption spectrum of plumbogummite from
Moldava.
[em™] Tentative assignment
3409 s v OH stretching vibrations
3254 m b
2362 w v OH stretching vibrations in PO,OH
2301 m
1656 s sr & H,O bending vibrations
1619 w_sh
1496 w b & POH in-plane bending bending vibration
or overtones and/or
1414 m sr__combination bands
1281 m sh
1182 s sh v, PO, antisymmetric stretching vibration
1110 s sr v, PO, antisymmetric stretching vibration
1029 vs sr
851 s b v, AsO, antisymmetric stretching vibration
784w sh v, AsO, symmetric stretching vibration and/or 6 POH
out-of-plane bending vibration
618 s sh v, PO, bending vibration
582 s sr
477  w sh v, PO, and/or n, AsO, and/or & PO, and/or 6 AsO,
bending vibrations
430 w

FTIR spectrophotometer Nicolet 740, KBr tablet.

Intensity and character of absorption bands: vs — very strong, s — strong,
ms — medium strong, m — medium, mw — medium weak, w — weak,
vw — very weak; b — broad, sh — shoulder, sr — sharp.

equivalent anion groups present in the structure. This was,
therefore, assumed only in the case for plumbogummite
(Sejkora et al. 1998).

Nomenclature remarks

value (e. g. corkite 2.8 % and 3.7 %, kintoreite 3.0. % and
4.7. %) for refinements carried out in the space group
R -3m and R 3m can be to a large extent a reflection of
Pb atom disorder (e. g. Szymanski 1988). In addition, Ra-
doslavich (1982) found the monoclinic space group Cm
for gorceixite and Szymanski (1988) a triclinic cell also
in the case of one beudantite crystal.

If atoms P, As and S in tetrahedral sites were disor-
dered, beudantite and svanbergite should be, according
to the current IMA nomenclature rules, understood as in-
termediate members in binary solid solution and not as
independent mineral species (Birch et al. 1992). Novik
et al. (1994) assume the degree of structure ordering
(SO,)(PO,) and (AsO,) groups to be various in the frame-
work of one mineral depending on the genesis of the giv-
en phase. The so-called intermediate members are clas-
sified according to their status as mineral species on the
basis of a possible structure ordering and from the his-
torical point of view.

Conclusions

a) The following members of the Pb-dominant members
of crandallite group were unambiguously identified

(1) at the Cinovec deposit: beudantite, segnitite, phil-
ipsbornite, and

(2) at the Moldava deposit: beudantite, segnitite, phil-
ipsbornite and plumbogummite.

The physicochemical characteristics were given for all
the mineral species mentioned.

Table 9 Infrared absorption spectrum of segnitite from Moldava.

The main problem in minerals of the crandallite

. .. - Tentative assi t
group is the status of members containing S and P, girg.;] - 1ve assignmen
As in the (XO,) position. Structural data for many 3225 m sh v OH stretching vibrations
minerals are absent and discrepancies in known 3007 ms b
data have been found. In the case of ordered ar- 2768 mw sh —
tt ind d tetrahedral si 2094 w v OH stretching vibrations in AsO,OH (7)
I‘al"lgCI.Tlen, wo independent tetrahedral sites may 637 m S H,0 bending vibrations
exist in the structure and the space group R —3m 1554 mw sh
transforms into the nonsymmetric group R 3m. 1434 m b
A disorder in the anionic part was observed for 1277w .
bergite. beudantit dh ite. kintoreit 1214 w & As-OH in-plane bending
svan f:l’gl e,. cudantiie, woodhousel ej Intoreite 1162 w sh vibrations v, SO, antisymmetric
and hinsdalite (Kato 1971, Kato — Miura, 1977, 1090 s stretching vibrations
Szymanski 1988, Giussepetti — Tadini 1989, 1024 w__ sh
Kharisun et al. 1997, Kolitsch et al. 1999¢). On the 393 W shov, :50» v, AsO, amisymhmetric ;“g“",i“i;‘f,' -
. s . 4 vs v, AsO, symmetric stretching an S out-of-plane
contrary, Giussepetti, Tadini (19‘87) found ordered 302 vs bending vibrations
(PO,) and (SO,) arrangements in the structure of  [748  m sh v AsOH stretching vibrations
corkite, and Jambor et al. (1996) in the case of gal-  [690 m v, SO, antisymmetric
lobeudantite. Experimental evidence for the order 621 w & AsOH out-of-plane vibration stretching vibrations
— disorder in the (XO),) anion in individual miner- 523 s
. 4 ) o 465 s & AsO, bending vibrations v, AsO, bending vibrations
al phases of this family, however, is missing. Ex- 436 s sh ’

perimental data and interpretation published for in-
dividual minerals, concerning the order — disorder
in the tetrahedral site may be often explained in
both ways. The small differences found in the R

FTIR spectrophotometer Nicolet 740, KBr tablet.

Intensity and character of absorption bands: vs — very strong, s — strong,
ms — medium strong, m — medium, mw — medium weak, w — weak, vw — very
weak; b — broad, sh — shoulder, sr — sharp.
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b) The minority content of indium (up to 2.44 wt. %
In,0,) in the B position of general formula observed in
beudantite sample from Cinovec is the first known as-
sertion of this chemical element in minerals of the cran-
dallite group.

¢) The pronounced dependence of the lattice parame-
ters on the Al/Fe ration in B position and As/P in X po-
sition of general formula for Pb-dominant members of
crandallite group was established. It is interesting that the
influence of the sulfate group in the X position on the
lattice parameters is considerably low.

d) Extensive isomorphism in all three positions in gen-
eral formula of the crandallite group minerals was con-
firmed.
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Pb dominantni leny skupiny crandallitu z lozisek Cinovec a Moldava, Krusné hory (Ceska republika)

Pb dominantni ¢leny skupiny crandallitu z Sn-W loziska Cinovec a fluoritového loZiska Moldava (Kru$né hory, Ceskd republika) byly studoviny
pomoci rentgenové praskové difrakce, chemickych analyz a infratervené spektroskopie. Ve vzorku beudantitu z Cinovee byl zjistén minoritni obsah
india (do 2.44 hmot. % In,0,) v B pozici obecného vzorce, ktery je prvnim znamym uplatnénim tohoto chemického prvku v minerdlech skupiny
crandallitu. Zji§téna byla vyznamna zdvislost hodnot mitZkovych parametri jednotlivych Pb dominantnich €leni skupiny crandallitu na poméru Al/Fe
v B pozici a As/P v X pozici obecného vzorce. Nové byla i potvrzena rozsahld izomorfie ve viech tfech pozicich obecného vzorce minerdli této

skupiny.
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