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This paper presents results of study of supergene minerals occuring at the Huber stock and Schndd stock in the Krasno Sn-W ore district near
Horni Slavkov (Slavkovsky les area, Czech Republic). The mineralogical research is based on X-ray powder diffraction, electron micro-
probe analyses, optical and electron microscopy. The paper includes encyclopaedia-type presentation of the identified mineral species. The
role of late hydrothermal, supergene, sub-recent and recent processes in the formation of minerals and their associations is discussed.
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Introduction

Studies of granite-related mineral deposits, such as gre-
isen and vein types at Krasno near Horni Slavkov ore
district were focused in most cases on their geological,
structural, bulk mineralogical-geochemical and econom-
ic aspects. This approach was dictated by the purpose of
a given project, whereas detailed mineral characterization
was commonly limited to the mineral associations of
practical use only. In our paper attention is drawn to the
precise mineralogical investigation of the supergene min-
eralization, which has been insufficiently explored in this
ore district.

Prolonged mineralogical studies taking place from
about 1975 to 2005 were focused on supergene mineral-
ization developed in the Huber and Schnéd stocks, their
perimeters and the associated vein structures, i.e., the
cluster of quartz veins trending NE-SW, corresponding
to the Gellnauer vein system. The geological situation of
this ore district is characterized in the accompanying pa-
per (Beran — Sejkora 2006), presented in this issue.

The supergene mineralization in quartz veinlets and
greisens of the Huber stock is well exposed in the open
pit. The Huber open pit was exposed in the period 1973-
1976 at the place of a collapsed medieval underground
mining. Later on, the Huber open pit was again operated
in 1984 and the exploitation terminated in 1987 (Fig. 1).
At present the Huber open pit is gradually filled by ma-
terial spontaneously released from sliding walls of the pit
(Fig. 2). Entrance into the pit is prohibited due to col-
lapse of old (and relatively modern) underground work-
ings and permanent danger of caving-in of the floor and
walls.

Additional occurrences of supergene mineralization
have been found at the 4% and 5" level of the Huber stock,
which were exposed by tunnels from the Stannum mine.
This mine also provided access to the Schndd stock, with
occurrences of this mineralization at the VII'" and VIII™
levels. After termination of mining in the Stannum mine
in 1991, the ore district was flooded. Material bearing
supergene mineralization also occurred in collapsed me-
dieval underground mining sites at the Schndd stock
(Fig. 3), but these places are inaccessible due to filling
the caved-in structure by refuse material. Some material
occurs at relics of old dumps in proximity of the Huber
stock, in particular the dump near the former ventilation
shaft No. 2 (Fig. 4).

Methods of mineral identification

The surface morphology of samples was studied with the
optical microscope Nikon SMZ1500 in combination with
the digital camera Nikon DXM1200F, used for photog-
raphy in incandescent light. Detailes of surface morphol-
ogy were studied in secondary electron images using the
scanning electron microscopes Jeol JSM T-20 (Z. Mach,
Institute of Research of Fine Ceramics, Karlovy Vary),
Tesla BS340 (A. Gabasova, Czech Geological Survey,
Prague) and Jeol JSM-6380 (J. Sejkora and J. Plasil, Fac-
ulty of Science, Charles University, Prague).

The X-ray powder diffraction analysis was used for
identification of minerals. To minimize complicated shape
of background due to classic glass sample holder, the
samples studied were placed on the surface of flat sili-
con wafer from alcoholic suspension. Step-scanned pow-
der diffraction data were collected using Philips X Pert
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MPD diffractometer with a metallo-ceramic copper tube
operated at high-voltage of 40 kV and tube current of
40 A. A graphite secondary monochromator was used to
produce CuKa, a, radiation; and HZG4-AREM/Seifert
diffractometer with a copper tube was operated at high-
voltage 50 kV and tube current of 40 mA. The results
were processed using X-ray analysis software ZDS for
DOS (Ondrus 1993), Bede ZDS Search/Match ver. 4.5
(Ondrus — Skala 1997); unit-cell parameters were refined
by the program of Burnham (1962) and by the program
FullProf (Rodriguez — Carvajal 2005).

For qualitative chemical analysis we used energy dis-
persion analyser Tracor-Northern (R. Rybka, Czech Geo-
logical Survey, Prague) and emission spectral analysis
(E. Mrazova, Czech Geological Survey, Prague). Chem-
ical composition of selected mineral specimens was an-
alyzed using electron microprobe JXA 50A, ZAF correc-
tion method by Philibert (1963). The analyzer was
operated at 20 KV and 2.10%-3.10"®* A and depending on
the elements analyzed. Standards included native metals
and natural minerals.

Majority of quantitative chemical data were collected
with the electron microprobe Cameca SX 100 (J. Sejko-
ra and R. Skoda, Joint laboratory of Masaryk University
and Czech Geological Survey, Brno). Studied samples
were mounted into the epoxide resin discs and polished.
The polished surfaces were coated with carbon layer
250 A thick. Wavelength dispersion mode and operating
voltage of 15 kV were used in all analyses. The beam cur-

Fig. 1 View of the Hu-
ber open pit, Krasno,
situation in 1987 (pho-
to by P. Beran)

rent and diameter were adjusted to stability of analyzed
phases under the electron beam. Stable phases were ana-
lyzed using 20 nA current and 2 um beam diameter. Less
stable and highly hydrated minerals were analyzed using
10—4 nA and 10-30 pm beam diameter. For smaller ag-
gregates (< 10 um) of unstable minerals the beam diam-
eter was as large as possible and the applied beam cur-
rent was only 1-2 nA. The sequence of analyzed elements
was adjusted to particular composition of the analyzed
mineral. Volatile and major elements were analyzed first,
followed by stable, minor and trace elements. Elevated
analytic totals of minerals containing a large amount of
hydroxyl group or molecular water are generally caused
by two factors: a) water evaporation under high vacuum
conditions, well documented by collapsed crystals; b)
water evaporation due to heating of the analyzed spot by
electron beam. The dehydrated domain is seen as a no-
tably brighter spot in backscattered electron images. Low-
er analytical totals for some samples are primarily caused
by their porous nature or by poorly polished surface of
soft or cryptocrystalline minerals.

In order to minimize peak overlapping the following
analytic lines and crystals were selected: Ka lines:
F (PC1, fluorapatite/topaz), Mg (TAP, forsterite), Na
(TAP, albite), Al (TAP, sanidine), As (TAP, InAs),
Si (TAP, sanidine), Cu (TAP, dioptase), K (PET, sani-
dine), P (PET, fluorapatite) Ca (PET, andradite), S (PET,
barite), Ti (PET, TiO), Cl (PET, vanadinite), Fe (LIF, an-
dradite), Mn (LIF, rhodonite), Ni (LIF, NiO), Zn (LIF,
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Zn0O); La lines: Y (TAP, YAG), Sr (PET, SrSO,),  Peak counting times (CT) were 10 to 20 s for main ele-
La (PET, LaB,), Ce (PET, CeAl,), Sm (LIF, SmF,);  ments and 30 to 60 s for minor and traces elements. CT
LB lines: Ba (PET, benitoite), Pr (LIF, PrF,), Nd (LIF, for each background was 1 of peak time. In case the back-
NdF,); Ma lines: Th (PET, ThO,), Pb (PET, vanadinite); =~ ground was measured only one side of the peak, the
MBS lines: Bi (PET, metallic Bi), U (PET, metallic U).  counting time was the same as counting on the peak. As

Fig. 2 View of the Hu-
ber open pit, Krasno,
situation in 2003 (pho-
to by J. Sejkora)
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Fig. 3 View of the col-
lapse pit at the Schnod
stock, Krasno. Situa-
tion before filling of
the pit by refuse mate-
rial (photo by P. On-
drusg).

Fig. 4 Dumps from the
period of historical
mining around the Hu-
ber open pit, Krasno
(photo by J. Sejkora,
2002).
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far as possible, elements present in minor and trace abun-
dances were measured with highly sensitive crystals
LPET a LLIF. Raw intensities were converted to the con-
centrations using automatic PAP (Pouchou — Pichoir
1985) matrix correction software package.

Review of identified mineral species
Adamite Zn,(AsO,)(OH)

Adamite has been identified in samples from the 5% lev-
el of the Huber shaft and also from the floor of the open
pit in the Huber stock. It is bound to proximity of weath-
ered primary sulphides (sphalerite, chalcopyrite etc.) as
aggregates of minute bipyramidal to acicular crystals, up
to 2 mm long. Crystals of the olivenite-adamite series
occur in association with libethenite, chalcanthite, limo-
nite and fluorapatite. Adamite aggregates show a vitre-
ous lustre and light yellow green colour. The mineral was
identified by X-ray powder diffraction and semiquanti-
tative microprobe analyses, which show that the Zn/Cu
ratio in studied samples is variable with regard to the
substitution series olivenite — adamite (Braithwaite 1983).

Alunite KAI(SO,),(OH),

Alunite has been found as coating in vugs of quartz
gangue in association with hiibnerite, in samples from
medieval dumps behind the ventilation shaft No. 2. It
forms tiny crystals up to 0.2 mm long, of a deep brown
colour and vitreous lustre. Alunite was identified by
X-ray powder diffraction.

Antlerite Cu,(SO,)(OH),

Rare antlerite occurs as light green earthy and finely crys-
talline coatings or a fill of cavities in quartz with decom-
posed chalcopyrite, cassiterite and arsenopyrite at the
Huber open pit. The weathered portions of the vein are
up to 2 by 5 cm in size. Antlerite is intergrown with un-
identified yellow brown Fe oxy-hydroxides and enclos-
es relics of weathered cassiterite. The mineral was iden-
tified by X-ray powder diffraction. The refined unit-cell
parameters (Table 1) are in good agreement with the data
published for this mineral.

Table 1 Unit-cell parameters of antlerite (for orthorhombic space
group Pnma)

this paper  Hawthorne et al. (1989) Vilminot et al. (2003)
a[A] 8.2598(8) 8.244(2) 8.289(1)
b[A] 6.0536(5) 6.043(1) 6.079(1)
c[A] 12.019(1) 11.987(3) 12.057(1)
V [A%] | 600.97 597.17 607.54

Arseniosiderite Ca,Fe’*,(AsO,),(OH), .3H,0

Arseniosiderite occurs as red brown hard crusts with vel-
vety surface in cavities in quartz at the Huber open pit.
It has a poorly defined radiating structure of aggregates.
Arseniosiderite formed as a late product of weathering
of arsenopyrite and by decomposition of older iron ar-
senates (scorodite and pharmacosiderite). It has also been
found as thin prismatic brown aggregates on old dumps
around the ventilation shaft No. 2. Arseniosiderite was
identified by X-ray powder diffraction method. Its refined
unit-cell parameters (Table 2) are in good agreement with
the published data.

Table 2 Unit-cell parameters of arseniosiderite (for monoclinic space
group A2/a)

Krasno Mapimi, Mexico
this paper Moore — Ito (1974)
a[A] 17.712(2) 17.76(4)
b[A] 19.533(2) 19.53(1)
c[A] 11.3270(9) 11.30(2)
R[] 96.03(1) 96.0
V [A3 3897.1 3897.9

Aurichalcite (Zn,Cu)(CO,),(OH),

Aurichalcite has been identified as minute blue green
acicular crystals, up to 2 mm long, on fractures and in
vugs in quartz. The samples of quartz gangue with au-
richalcite originate from old dumps between the Huber
open pit and the ventilation shaft No. 2.

Aurichalcite was identified by X-ray powder diffrac-
tion.

Azurite Cu,(CO,),(OH),

Azurite, first mentioned from this locality by Zepharov-
ich (1857) and Gliickselig (1862), was recorded later by
number of other mineralogists. Korbel (1991) described
rare azurite as minute blue crystals and compact aggre-
gates from the Huber open pit. Spectral analysis, pow-
der diffraction data and unit-cell parameters are given in
this paper.

Recently, azurite has been found at several places un-
derground, including the 4™ and 5" level at the Huber
stock and VII" and VIII" level at the Schndd stock as
coatings, small compact masses and rare crystals, up to
2 mm in size. It forms rare powdery coatings and very
tiny crystal aggregates on gangue fractures at the Huber
open pit. Cassiterite, arsenopyrite, chalcopyrite and
bornite were observed in association with azurite. It was
identified by X-ray powder diffraction data; its refined
unit-cell parameters (Table 3) are in good agreement with
the published data.



62

Journal of the Czech Geological Society 51/1-2(2006)

Table 3 Unit-cell parameters of azurite (for monoclinic space group
P2 /c)

Huber stock Huber stock -
this paper Korbel (1991) Zigan — Schuster (1972)
a[A] 5.021(1) 5.010(3) 5.0109(5)
b[A] 5.834(4) 5.836(4) 5.8485(6)
c[A] 10.358(3) 10.375(1) 10.345(2)
R[] 92.44(2) 92.22(7) 92.43(3)
V[A3 | 303.14 303.12 302.9

Betpakdalite Ca,MgFe**,As*",Mo*, 0, (OH) . 23H,0

This mineral has been found only in several samples
along fractures in greisen from the Huber stock. It forms
striking yellow rims around partly weathered aggregates
of molybdenite, in close proximity to corroded arsenopy-
rite and chalcopyrite. Betpakdalite is typically accompa-
nied by clay minerals and it was identified by X-ray pow-
der diffraction.

Bindheimite Pb,Sb,0, (0,0H)

Bindheimite was found only rarely as light yellow brown,
fine-grained or fibrous mineral filling cavity, about 3 cm
in size, in quartz gangue in the Huber open pit. It was
identified by X-ray powder diffraction and its refined
unit-cell parameters (Table 4) correspond well to the pub-
lished data.

Table 4 Unit-cell parameters of bindheimite (for cubic space group
Fd-3m)

Huber stock —
this paper Natta— Baccaredda (1933)
a[A] 10.416(1) 10.44
V [A3 1130.1 1137.9

Bismite B1203

In the old literature the name bismite was used for un-
adequately identified yellow bismuth ochres (see review
by Kratochvil 1963). Mach — Korbel (1990) described
bismite as bright yellow powdery to botryoidal aggre-
gates in cavities of quartz gangue. The mentioned new
bismite occurrence at the level of 455 m a.s.l. in the Hu-
ber shaft, is represented by grey rims around grains of
native bismuth or around bismuthinite needles; howev-
er, no analytical data were given. Beran (1999) doubted
this identification, considering this material to be a mix-
ture of presingerite, bismutite and zavaritskite.

In the course of the present study rare bismite has been
identified as a component of grey pseudomorphs after
native bismuth grains in quartz gangue from the Huber
open pit. Bismite forms irregular aggregates, up to
300 pm in size, which enclose abundant relics of native

Bi (Fig. 5), and are intensively replaced by bismutite. The
mineral was identified by quantitative microprobe anal-
ysis, it corresponds to nearly pure Bi,O, with minor
F content below 0.3 wt. %.

Fig. 5 Bismite aggregates (light) with abundant relics of native Bi
(white), intensively replaced by bismutite (dark grey). Huber open pit,
Krasno. Width of the BSE photo 1.5 mm. Cameca SX100 (J. Sejkora,
R. Skoda).

Bismutite (BiO),CO,

It has been found at several places through the whole
profile of the Huber stock. The most interesting sam-
ples come from greisen and from quartz veinlets at the
4™ Jevel of the Huber mine; it was also abundant at nu-
merous places in the Huber open pit. Bismutite occurs
as a part of grey black aggregates, up to 5 mm long,
with a greasy to semi-metallic lustre, intergrown in
white coarse-grained quartz. These aggregates represent
pseudomorphs after native Bi, which is locally pre-
served in central parts of the aggregates. X-ray powder
diffraction and microprobe analyses indicate that bismu-
tite is intergrown with zavaritskite, preisingerite and
other minerals. The outer portions of these aggregates
are often replaced by later (sub-recent) russellite. Ow-
ing to this situation, only diffraction maxima free of
coincidence were used for refinement of unit-cell param-
eters. The parameters obtained (Table 5) are in good
agreement with the published data.

Table 5 Unit-cell parameters of bismutite (for orthorhombic space
group Imm2)

Huber stock Huber stock —
this paper Sejkora (1992) Grice (2002)
a[A] 3.878(7) 3.876(4) 3.865(2)
b[A] 3.878(7) 3.876(4) 3.862(2)
c[A] | 13.65(3) 13.73(5) 13.675(6)
V [A?] | 205.3(5) 206.2(5) 204.12
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Bismutoferrite BiFe* (SiO,) ,(OH)

Very rare bismutoferrite has been observed at the 5 level
of the Huber stock. It forms grey yellow-green earthy
aggregates, filling small cavities in quartz. The mineral
identified by X-ray powder diffraction is associated with
cassiterite, fluorite, native bismuth, varlamoffite, clay
minerals and zinnwaldite.

Brochantite Cu (SO )(OH),

Korbel (1991) presented the first well-evidenced de-
scription of brochantite, as light blue-green crystalline
crusts with botryoidal surface on the weathered tennan-
tite and as blue-green clay-like aggregates. He present-
ed spectral analysis, X-ray diffraction pattern and unit-
cell parameters.

Fig. 6 Prismatic crystals of brochantite. Huber open pit, Krasno. Width
of SE photo 50 um; SEM Jeol JSM T-20 (Z. Mach).

Fig. 7 Brochantite crystals showing recent corrosion features. Huber
open pit, Krasno; width of SE photo 125 pm; SEM Jeol JSM T-20
(Z. Mach).

The studied brochantite originates from the Huber
open pit. It is one of the most common supergene min-
erals together with scorodite and pharmacosiderite. It
composes coatings, efflorescence and powdery crusts
near weathered sulphides (chalcopyrite, pyrite, arsenopy-
rite, covellite etc.). Brochantite aggregates are composed
of tiny tabular crystals up to 0.2 mm long, with well-de-
fined (Fig. 6) or corroded (Fig. 7) crystal-faces. It has
green to dark green colour, which turns to black if bro-
chantite contains products of decomposition of the pri-
mary sulphides. Brochantite formed as one of the young-
est minerals under supergene conditions from relatively
acid solutions (Povondra — Ridkogil 1980).

Brochantite was identified by X-ray powder diffraction
data. The refined unit-cell parameters correspond to the
data published for this mineral (Table 6). The chemical
analysis of brochantite (Table 7) yields the formula
Cu,,,(S0)), ,,(OH), , calculated on the basis of 10 (O,0OH).

1.01 5.96

Table 6 Unit-cell parameters of brochantite (for monoclinic space
group P2,/a)

Huber stock —
this paper Merlino et al. (2003)
a[A] 13.110(9) 13.140(2)
b[A] 9.853(5) 9.863(2)
c[A] 6.015(3) 6.024(1)
R[] 103.37(4) 103.16(3)
V [A3 755.9 760.12

Table 7 Chemical composition of brochantite

*1 *2
CuO 69.40 70.35
SO, 17.70 17.70
H,O* 11.87 11.95
total 98.97 100.00

* H,O content calculated from stoichiometry, using the ideal formula
Cu,(SO,)(OH), and charge balance.

*1 Huber stock, Krasno

*2 composition calculated from ideal formula Cu,(SO,)(OH),

Cannonite Bi,O(SO,)

Cannonite was identified on several samples from the
Huber open pit as pseudomorphs after acicular crystals
of bismuthinite and emplectite (Fig. 8). These pseudo-
morphs are light brown, beige to white in colour, very
brittle and soft. Cannonite covers bismuthinite and em-
plectite aggregates, which are often completely replaced
(Fig. 9). The surface of the aggregates shows radiating,
parallel or randomly oriented tabular crystals grading
to platy acicular crystals 10-20 um long (Figs 10, 11).
The cavities carrying cannonite are 1 by 2 cm in size
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Fig. 9 Acicular bismuthinite crystals replaced by cannonite crystalline
aggregate. Huber open pit, Krasno; width of SE photo 400 pm; SEM
Tesla 320 (A. Gabasova).

and no other Bi minerals have been observed in this as-
sociation.

X-ray powder diffraction pattern of cannonite (Ta-
ble 8) corresponds to the data published by Stanley et
al. (1992), but the measured chart contains numerous
diffraction maxima not previously reported for this min-

Fig. 8 Cannonite ag-
gregates constituting
pseudomorphs after
bismuthinite crystals.
Huber open pit, Kras-
no. Width of photo
2 mm; Nicon SMZ
1500 microphotogra-
phy (J. & E. Sejkora).

J. ¥
Fig. 10 Elongated tabular crystals of cannonite. Huber open pit, Kras-
no; width of SE photo 80 um; SEM Tesla 320 (A. Gabasova).

eral. The refined unit-cell parameters (Table 9) corre-
spond to the published data. Semiquantitative WD mi-
croprobe analysis confirmed Bi and S as the major ele-
ments. It was not possible to obtain quantitative
chemical analysis owing to its instability under the elec-
tron beam.
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Table 8 X-ray powder diffraction pattern of cannonite.

i, d h k1 d h k| i, d h k|
18 7282 1 0 0 7 22626 1 1 2 3 16873 3 2 3
2 692 0 2 0 12 22377 1 5 1 4 16839 -4 4 1
27 649 1 1 0 122 22305 3 3 1 3 16749 3 6 O
8 505 1 2 0 23 2209 2 5 0 2 16731 0 3 3
6 509 0 1 1 16 22083 1 6 0 1 16609 -1 4 3
16 485 -1 1 1 2 22014 2 5 1 9 1657 2 4 2
12 424 0 2 1 10 21663 3 1 2 5 1657 0 8 1
2 41711 1 2 1 3 21270 0 4 2 4 16283 3 3 3
17 396 1 3 0 4 21259 0 6 1 3 16269 -1 7 2
37 3647 1 1 1 12 21025 2 4 1 2 1612 4 4 0
23 3841 2 0 0 9 20013 3 2 2 3 1882 2 7 1
5 352 2 1 0 20 19892 3 4 0 3 1566 4 1 1
4 3509 0 3 1 17 19869 -1 5 2 6 15646 -3 7 1
9 34% 2 1 1 10 19819 3 3 2 8 15642 -2 8 1
86 3471 0 4 0 3 1973 1 6 1 1 15638 -1 5 3
9 3462 -1 3 1 1 1937 3 1 1 8 15623 2 5 2
61 33199 1 2 1 9 19529 2 6 0 2 1555 3 1 2
57 324 2 2 0 12 19484 2 6 1 3 1551 3 4 3
73 324 2 2 1 9 19327 0 5 2 6 1539 3 7 0
4 3133 1 4 0 5 19142 2 5 1 4 15321 1 3 3
100 29%7 1 3 1 7 1913 1 7 0 4 1525 4 5 0
4 2017 0 4 1 8 19133 1 4 2 5 15191 -4 2 3
5 280 -1 4 1 10 19074 -4 1 1 9 15139 -4 5 2
8 282 2 3 0 10 19073 3 2 1 3 15060 3 6 1
20 2847 -2 3 1 2 19014 -2 5 2 2 15024 5 0 2
10 284 -1 0 2 10 18% 2 0 2 8 149363 5 1 2
38 2787 -1 1 2 1 1875 2 1 2 14 149157 4 3 1
17 2643 0 1 2 9 181 0 7 1 8 14839 3 3 2
5 2609 2 0 2 122 1886 -4 2 1 3 148293 0 9 1
6 254 1 5 0 2 1875 3 5 0 2 148147 -1 8 2
6 2564 -2 1 2 4 1850 -1 2 3 3 148017 -4 6 1
15 2512 2 4 0 3 1823 2 2 2 1 145057 2 8 1
7 25100 0 2 2 3 1832 3 3 1 3 144847 5 1 0
7 2504 3 1 1 9 1805 4 0 0 2 143077 4 6 0
2 2503 -2 4 1 2 1851 4 1 0 3 14223 -2 0 4
4 2469 2 2 1 12 17950 -1 6 2 2 142050 -4 4 3
1 24678 0 5 1 19 17862 1 7 1 3 142039 2 9 0
4 24513 -1 5 1 9 17547 0 6 2 5 141483 -2 1 4
3 2424 2 2 2 6 1747 2 7 0 3 140615 5 4 1
27 24274 3 0 0 8 17408 2 6 1 3 140502 2 2 3
12 2311 3 1 0 13 17385 2 7 1 4 140089 -1 1 4
5 2301 -3 2 1 12 17374 0 2 3 2 13834 0 10 0
5 23268 0 3 2 7 1734 0 8 0 4 138395 3 0 4
27 23139 0 6 0 8 173 2 3 3 2 138384 1 8 2
1 22047 2 3 1 8 17312 2 6 2 2 13686 2 7 2
8 220%2 1 0 2 4 17260 -3 1 3 2 136391 5 1 3
7 22013 3 2 0 3 17123 3 6 1 4 135603 -1 9 2

Table 9 Unit-cell parameters of cannonite (for monoclinic space
group P2,/c)

Huber stock Marysvale synt.
this paper Stanley etal. (1992) Golic et al. (1982)
a[A] 7.703(1) 7.700(3) 7.692(3)
b[A] 13.883(2) 13.839(6) 13.87(1)
c[A] 5.695(1) 5.686(2) 5.688(2)
R[°] 109.04(2) 109.11(3) 109.01(3)
VI[A%| 5757 572.5(4) 573.75

Chalcanthite CuSO4 ‘SH,0

It was previously described by Slaviéek (1984) from
surface outcrops at the Huber stock. At present, it is
confirmed as a common mineral in the Huber open pit.
Blue chalcanthite coatings and stalactitic crusts are

Fig. 11 Aggregate of elongated tabular cannonite crystals. Huber open
pit, Krasno; width of SE photo 35 um; SEM Tesla 320 (A. Gabasova).
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composed of minute crystals, which formed sub-recent-
ly at dry sites in the exposed greisen (Fig. 12). It is of-
ten associated with clay minerals, chiefly dickite. As
acidity at the particular site is decreasing, chalcanthite
alters to other supergene copper minerals, usually bro-
chantite. Chalcanthite was identified by X-ray powder
diffraction.

[ g j i o
Fig. 12 Crystal of sub-recently formed chalcanthite. Huber open pit;
width of SE photo 100 pm; SEM Jeol JSM T-20 (Z. Mach).

Chalcophyllite Cu Al (AsO,) (SO,),(OH),, . 36H,0

Chalcophyllite forms tabular crystals of trigonal or pseu-
do-hexagonal shape (Figs 13, 14), 1 mm or exceptional-
ly up to 3 mm in size. The crystals occur individually
(Fig. 15) or in rich crystalline coatings (Fig. 16) on quartz
or highly weathered relics of sulfides in cavities in gre-
isen. Chalcophyllite crystals are light turquoise blue to
dark green, transparent to translucent with a characteris-
tic and very intense vitreous lustre. All studied samples
were collected at the Huber open pit. Pharmacosiderite
and other supergene minerals occur in the association.
The X-ray powder diffraction pattern and the refined
unit-cell parameters (Table 10) for sample from the Hu-
ber open pit fit well with the data given by Sabelli (1980).
The quantitative chemical analysis of chalcophyllite
(Table 11) gives the following empirical formula based
on 88 (O,0H): Cu17.85A12,09[(ASO4)3‘38(PO4)0.23]23.61
(80,),,,(OH),, ., . 36H,0. Sabelli (1980) determined the
structure of an As-rich chalcophyllite from Cornwall and
pointed out that up to 25 % of S in some positions can
be substituted by As. This author proposed the crystal-

Table 10 Unit-cell parameters of chalcophyllite (for trigonal space
group R-3H)

Huber stock Cornwall
this paper Sabelli (1980)
a[A] 10.757(2) 10.756(2)
c[A] 28.677(6) 28.678(4)
V [A3 2873.7 2873.3

lochemical formula Cu, Al (AsO,),(SO,),(OH),, - 36H,0,
which is in a good agreement with the data for chalco-
phyllite from Horni Slavkov.

1.-..—-' -4 ¥ . i 1
Fig. 13 Typical thin tabular, pseudo-hexagonal crystals of chalcophyl-
lite. Huber open pit, Krasno; width of SE photo 650 um; SEM Tesla
320 (A. Gabasova).

Fig. 14 Detail of pseudo-hexagonal crystals of chalcophyllite. Huber
open pit, Krasno, width of SE photo 100 pm; SEM Jeol JSM T-20
(Z. Mach).

Table 11 Chemical composition of chalcophyllite (in wt. %)

*1 *2
Cuo 46.43 46.21
ALO, 3.49 3.29
As)0, 12.70 14.84
P,0, 0.53

SO, 8.39 7.75
H,0* 28.49 27.91
total 100.03 100.00

* H,0 calculated from soichiometry of the ideal formula
Cu Al (AsO,),(SO,),(OH),, . 36H,0 and charge balance.

*1 Huber stock, Krasno

*2 composition calculated from the ideal formula
Cu,,Al(AsO,),(SO,),(OH),, . 36H,0.
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Fig. 15 Individual
chalcophyllite crystals
deposited on crystals
of translucent or white
quartz. Huber open
pit, Krasno; width of
photo 3.2 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

Fig. 16 Crystalline
crust of randomly ori-
ented chalcophyllite
crystals. Huber open
pit, Krasno; width of
photo 6 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).
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Chalcosiderite CuFe3+6[PO ,(OH),],-4 H,0

Tacl — Bliiml (1974) and Mach (1979) described crystal-
line chalcosiderite from the Huber open pit. The mineral
occurs in quartz gangue and is associated with wolframite
and Fe-oxy-hydroxides as fibrous and spheroidal aggre-
gates of emerald green colour. Korbel (1991) reported
spectral analysis and X-ray powder data for green, rose-
shaped aggregates, up to 1.5 mm in size, of chalcosider-
ite, consisting of thin slabs, which overgrow wolframite.
Beran (1999) described chalcosiderite crystals and aggre-
gates, up to 1 mm long, from the Huber open pit. They
are associated with pharmacosiderite and other supergene
minerals in cavities of vein quartz.

In the course of the present study minerals of the tur-
quoise group have been found at the 5% level of the Hu-
ber shaft and in the Huber open pit. As these samples
were typically associated with altered phosphate accumu-
lation, they are described in detail in another article in-
cluded in this issue (Sejkora et al. 2006b).

Chenevixite Cu,Fe’*,(AsO,),(OH), . H,0

It has been found in several samples of quartz gangue
collected near fracture zones in the Huber open pit.
Chenevixite occurs in several morphological forms: yel-
low green to olive green powdery coatings and filling of
small vugs, green brown compact aggregates, and dark
green compact, and relatively hard aggregates with con-

choidal fracture (Fig. 17) and botryoidal surface (Fig. 18a)
featuring very tiny (to 2-3 um) imperfect elongated tab-
ular crystals (Fig. 18b). It occurs in the vicinity of weath-
ered arsenopyrite and chalcopyrite, associated with
scorodite, pharmacosiderite and /imonite. Some chenev-
ixite aggregates carry fractured angular cassiterite, locally
are overgrown by varlamoffite (Fig. 19).

Chenevixite was identified by X-ray powder diffrac-
tion (Table 12) and the data are in good agreement with
the published data. Unlike the compact varieties, pow-
dery chenevixite shows lower intensities of diffraction
maxima and higher values of their FWHM half-widths.
The refined unit-cell parameters of chenevixite from
Krasno (Table 13) correspond to the published values. All
the three morphological types of chenevixite are compo-
sitionally nearly identical. No chemical zoning has been
observed in BSE images. The high totals of chemical
analyses (Table 14) are probably caused by a partial de-
hydration of the mineral under electron beam in vacuum.
The studied chenevixite is notably a Cu-, Fe-, and As-
dominated member. Minor components include Zn to
0.05 apfu, Al to 0.09 apfu and P to 0.12 apfu. The obvi-
ous deficiency in the anionic group (ca. 1.74 apfu instead
of 2.00 apfu) is probably compensated for by entry of
additional (OH) group, as indicated by the empirical for-
mula given below. The role of (OH)/H,O in minerals of
the chenevixite-luetheite series is not completely known.
In difference to previous publications, Burns et al. (2000)
in their study of the crystal structure do not mention the

Fig. 17 Chenevixite
aggregate with finely
crystalline surface. Hu-
ber open pit, Krasno;
width of photo 2 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).
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Fig. 18a Minute chenevixite crystals on the surface of the aggregate. Fig. 18b Detail of the surface of chenevixite crystal aggregate show-
Huber open pit; width of SE photo 150 pm. SEM Jeol JSM-6380 ing imperfect, elongated tabular crystals. Huber open pit; width of SE
(J. Sejkora and J. Plasil). photo 20 um. SEM Jeol JSM-6380 (J. Sejkora and J. Plasil).

Table 12 X-ray powder diffraction data of chenevixite from Krasno

i, d h k| i, d  h k1 i d  h k|
6 732 0 0 4 1 20576 1 2 7 31 14789 2 1 -16
10 485 0 1 2 3 19413 1 1 -13 20 14766 2 3 0
2 427 0 1 4 17 19057 1 2 9 38 14679 2 3 -2
41 385 1 1 1 31 19003 2 2 2 38 14679 2 3 2
2 31 1 1 3 31 19003 2 2 -2 38 1428 4 0 0
00 353 0 1 6 27 18542 2 2 4 1 14139 2 3 -6
37 20927 0 1 8 2 1842 2 2 -4 1 14139 2 3 6
1 2574 0 2 0 9 1832 0 0 16 23 1378 0 2 18
57 25521 0 1 10 13 1781 2 2 6 28 13263 4 1 6
62 25016 2 1 0 13 17841 2 2 -6 28 13263 4 1 -6
89 24692 2 0 6 21 17630 1 2 -11 26 12028 0 4 0
89 24692 2 0 -6 20 17570 3 1 -3 1 12500 4 2 0
19 24350 0 2 4 23 17486 2 1 12 13 12487 3 3 5
8 2380 2 1 4 23 17486 2 1 -12 21 12472 4 1 10
3 22839 1 2 3 29 16753 0 3 4 7 12323 4 2 4
3 22839 0 2 6 53 16063 2 2 10 7 12323 4 2 4
34 22056 2 1 6 53 16063 2 2 -10 19 1145 2 4 6
34 22216 2 1 -6 53 16063 2 1 14 19 1145% 2 4 -
23 20688 2 1 8 53 16063 2 1 -14 8 1142 0 4 12
23 20688 2 1 -8 40 1495 0 2 16
1 20576 1 2 7 48 14789 2 1 16
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Fig. 19 Chenevixite aggregates, partly with crystal faces (dark grey),
enlose irregular “varlamoffite” and fractured cassiterite grains (light
grey). Width of BSE photo 300 pm. Cameca SX100 (J. Sejkora,
R. Skoda).

Table 13 Unit-cell parameters of chenevixite (for monoclinic space
group B2))

Krésno Humboldt mine, Arizona
this paper Burns et al. (2000)
a[A] 5.717(1) 5.7012(8)
b[A] 5.169(1) 8.1801(7)
c[A] 29.344(9) 29.265(2)
R[] 89.99(2) 89.99(1)
V [A3 867.2(2) 864.3(4)

Table 14 Chemica composition of chenevixite (in wt. %)

mean* 1 range* 1 *2
CaO 0.05 0.00-0.08
CuO 29.14 27.80-30.64 26.40
ZnO 0.60 0.46-0.75
ALO, 0.73 0.63-0.86
Fe,O, 29.47 28.86-30.75 26.50
Sio, 0.08 0.00-0.30
As,O, 35.17 33.91-35.77 38.13
PO, 1.17 1.06-1.48
SO, 0.03 0.00-0.07
H,0* 10.88 8.97
total 107.32 100.00

* H,O content calculated from the ideal formula

Cu,Fe* (AsO,),(OH), - H,0 and charge balance.

*1 mean and range of 8 spot analyses in 3 samples

*2 composition calculated from ideal formula Cu,Fe** (AsO,),(OH), .H,0O

formerly proposed content of one H,O molecule. Based
on 13(0, OH) the chenevixite from Krasno yielded the
following empirical formula:

(Cuwsznom)zzoz(Fe1A99A1
(OH),,, - 1.00H,0.

[(AsO,), (PO

0A08)22A07 1.65 4)0,09]21,74

Chrysocolla (Cu,Al),H,Si,0 (OH), . nH,0

Klvana (1886) previously described compact and earthy
chrysocolla associated with quartz, /imonite and mala-

chite. Recently, light blue to green blue chrysocolla as
mammilary and stalactitic accumulations has been found
in greisen at the VII™ level of the Schndd stock. It is as-
sociated with goyazite, malachite, pseudomalachite and
apatite. Chrysocolla has also been found in material of
historic dumps around the Huber stock as irregular ag-
gregates up to 4 cm in size, in cavities and fractures of
quartz gangue.

Clinoclase Cu,(AsO,)(OH),

The mineral was found as a rarity in quartz gangue within
old dumps between the Huber open pit and the ventila-
tion shaft No. 2. Clinoclase forms minute black green,
highly lustrous crystals, up to | mm long, in part show-
ing radiating aggregates. The mineral was identified by
X-ray powder diffraction.

Copper Cu

Native copper was reported already in mid-19" century
at Horni Slavkov as coatings or dendritic aggregates ob-
served in cavities of ore veins (Krejéi 1855).

During the present study, three genetically distinct
types of copper have been distinguished. Red brown,
finely dendritic copper occurs in part in form of scales
or flakes associated with other supergene minerals. The
second type forms up to several cm long grains of red
brown colour in strongly altered granite. The third type
of copper is of a sub-recent formation in proximity of iron
objects in adits of the Huber mine. This copper is finely
crystalline or with a moss-like structure; aggregates are
up to several cm long.

Cornwallite Cu(AsO,),(OH),

Rare cornwallite has been found only in several speci-
mens and several distinct types at the Huber open pit. It
typically forms green to dark green botryoidal crusts
(Fig. 20), up to several mm thick, with hemispherical to
spheroidal shapes on the surface (Fig. 21) and radiating
structure on cross fracture (Fig. 22). Grey green acicular
olivenite is associated with this type of cornwallite. Corn-
wallite also occurs as crystalline aggregates of imperfect
crystals, to 1 mm long, filling small cavities in quartz.
The third type of cornwallite forms green or light green
compact crystalline intergrown aggregate with mixite in
quartz gangue from a marginal part of the Huber open
pit.

Cornwallite was identified by X-ray powder diffrac-
tion. The refined unit-cell parameters (Table 15) (espe-
cially the a parameter, Arlt — Armbruster 1999) indicate
an elevated P content in the studied samples of cornwal-
lite. The anomalously low value of the ¢ parameter for
cornwallite intergrown with mixite remains unexplained.
It is necessary to check possible content of Zn or Bi in
this cornwallite type.
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Fig. 20 Cornwallite
aggregates with botry-
oidal surface. Huber
open pit, Krasno;
width of photo 3 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).

Fig. 21 Semi-spherical to spheroidal cornwallite aggregates. Huber open Fig. 22 Radiating internal structure of semi-spherical cornwallite ag-
pit. Width of SE photo 500 um; SEM Tesla 320 (A. Gabasova). gregates; Huber open pit; width of SE photo 500 pm; SEM Tesla 320
(A. Gabasova).

Table 15 Unit-cell parameters of cornwallite (for monoclinic space group P2 /c)

cornwallite cornwallite cornwallite pseudomal achite
Huber stock *1 Huber stock *2 Claramine —
this paper this paper Arlt — Armbruster (1999)  Shoemaker et al. (1977)
a[A] 4.5685(4) 4.545(1) 4.600(2) 4.4728(4)
b[A] 5.7708(4) 5.796(2) 5.757(3) 5.7469(5)
c[A] 17.287(1) 16.909(4) 17.380(6) 17.302(3)
B[] 93.02(2) 93.02(2) 91.87(3) 91.043(7)
\% [A3] 455.1 444.8 460.04 437.73

*1 botryoidal crusts of cornwallite
*2 cornwallite in mixture with mixite
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Covellite CuS

Covellite occurs relatively frequently as dark blue, lus-
trous and finely crystalline coatings in cavities in quartz,
with relics of primary minerals, especially chalcopyrite.
It has also been observed as coating in corrosion vugs in
black scorodite of the oldest generation, deposited on
partly weathered cassiterite. Covellite formed during ce-
mentation process on the surface of primary chalcopy-
rite and arsenopyrite. It occurs in association with super-
gene silver, two generations of scorodite, supergene
cassiterite and pharmacosiderite. Covellite was identified
by X-ray powder diffraction, and the refined unit-cell pa-
rameters correspond well to the published data (Table 16).

Table 16 Unit-cell parameters of covellite (for hexagonal space
group P6./mmc)

The mineral was identified by X-ray powder diffraction.
The refined unit-cell parameters correspond well to the
published data (Table 17).

Table 17 Unit-cel parameters of cuprite (for cubic space group Pn-3m)

Huber stock synt.
this paper Restori — Schwarzenbach (1986)
alA] 4.2684(2) 4.267(2)
Vv [A9] 77.77 77.69

Krasno synt.
this paper Fjellvag et al. (1988)
a[A] 3.7833(2) 3.7917(8)
c[A] 16.3430(7) 16.342(3)
V [A9 202.60 203.47
Cuprite Cu,0

Klvana (1866) reported cuprite as compact, granular and
finely crystalline aggregates. The present study confirmed
cuprite in the Huber open pit as finely crystalline aggre-
gates (Fig. 23) of a dark red colour, up to 5 mm in size.

Cyanotrichite Cu,AL(SO,)(OH),, . 2H,0

Cyanotrichite has been identified in several specimens of
strongly weathered greisen rich in sulfides, particularly
chalcopyrite from the Huber open pit. Cyanotrichite
forms discontinuous bright blue coatings 1 by 2 cm in
size (Fig. 24) on quartz and weathered chalcopyrite. The
surface of the coatings is formed of tiny spheroidal ag-
gregates 0.1-0.2 mm in diameter (Fig. 25), consisting of
minute platy crystals oriented perpendicular to the sur-
face of the aggregates (Figs 26, 27).

The mineral was identified by X-ray powder diffraction.
Quantitative chemical analysis of cyanotrichite is presented
in Table 18. The high total of the analysis is probably
caused by dehydration of the mineral on exposure to elec-
tron beam in vacuum. The analyses obtained show that Cu,
Al and S are dominant, whereas the contents of Ca, Zn,
Fe, As and Si are minor, not exceeding 0.03 apfir. The flu-
orine content is interesting and corresponds approximate-

Fig. 23 Red-brown cu-
prite aggregate on
quartz gangue. Huber
open pit, Krasno;
width of photo 2 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).
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Fig. 24 Blue cyanotri-
chite coatings on
weathered  quartz
gangue carrying chal-
copyrite. Huber open
pit, Krasno; width of
photo 5 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Sej-
kora).

Fig. 25 Spheroidal sur-
face of the blue cyanot-
richite aggregate. Hu-
ber open pit, Krasno;
width of photo 2 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).
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Fig. 26 Surface of semi-spherical aggregates of cyanotrichite. Huber
open pit, Krasno; width of SE photo 100 pm. SEM Jeol JSM-6380
(J. Sejkora and J. Plasil).

Fig. 27 Cyanotrichite coatings composed of minute tabular crystals ori-
ented perpendicular to the surface of aggregates. The mineral is de-
posited on weathered gangue composed of /imonite and chalcopyrite
(grey) with stannite inclusions (very light grey). BSE photo, Cameca
SX100 (J. Sejkora, R. Skoda).

Table 18 Chemica composition of cyanotrichite (in wt. %)

mean*1 range* 1 *2

CaO 0.05 0.02-0.09

CuO 54.56 53.05-57.34 49.83
ZnO 0.07 0.05-0.09

ALO, 17.62 16.81-18.09 15.82
Fe,O, 0.50 0.43-0.58

Sio, 0.22 0.16-0.35

As,O; 0.11 0.00-0.29

SO, 12.27 11.99-12.55 12.43
F 0.52 0.48-0.57

H,0* 22.94 22.37
-F=0 0.22

total 108.58 100.00

* H,O content calculated from the ideal formula Cu,Al(SO,)(OH) , .
2H,0 and charge balance.

*1 mean and range of 3 spot analyses

*2 composition calculated from ideal formula Cu,Al(SO,)(OH),, . 2H,0

ly up to 0.16 apfu. This element probably enters the (SO,)
site, as in the related mineral khaidarkanite, and does not
substitute for the (OH) group. The empirical formula for
cyanotrichite from Krasno, based on 18(O, OH), is

CuS.%(A]ZO 1 Fe0.03) 3204 [(SO4) O.SQFO. lé(SiO4) O.OZ(ASO4) 0.01 ]Zl .OS(OH) 12.09
2.00H,0.

Devilline CaCu (SO,),(OH), .3H,0

Korbel (1991) described devilline from the VII*level of
the Schndd stock as recently formed coatings of a deep
blue colour in mine adits. He also presented X-ray pow-
der diffraction data and spectral analysis showing Zn
(> 1 wt. %). This indicates compositions in the series dev-
illine-serpierite.

The present study confirmed the occurrence of devil-
line at the VIII™ level of the Schndd stock and from parts
of the Schndd stock exposed by surface workings. The
mineral occurs as thin compact coatings of green blue
colour, tending to crystalline crusts. It was identified by
X-ray powder diffraction.

Dussertite BaFe’* (AsO,),(OH),

Dussertite has been found in the Huber open pit as pow-
dery to earthy coatings of a buff white colour, and as
ochre brown and white coatings, which represent a mix-
ture of kaolinite and /imonite. The coatings cover sur-
faces of fractures in quartz, several cm? in size. Dus-
sertite was identified by X-ray powder diffraction. Its
refined unit-cell parameters correspond to the published
data for this species (Table 20). The presence of Ba, As
and Fe as the main elements has been proved by ED
analysis.

An anomalous W-rich dussertite (Fig. 28) occurs in
several specimens of strongly weathered quartz-rich gre-
isen. It forms yellow very fine-grained or powdery coat-
ings, up to 2 by 5 cm in size. The surface of dussertite
aggregates is irregular in shape, locally with small groups
of bright yellow green, trigonal dussertite crystals, up to
0.1 mm in diameter (Figs 29, 30). The aggregates have
earthy appearance and crystals show a strong vitreous
lustre. The X-ray powder diffraction data (Table 19) and
the refined unit-cell parameters (Table 20) correspond to
those of dussertite.

The quantitative chemical composition of W-rich
dussertite (Table 21) indicates that it corresponds to a
member of the crandallite group dominated by Ba, Fe
and As. In addition to minor contents of Ca, Sr, Al, Bi
and P, expactable in crandallite-type species, elevated
W content up to 0.20 apfu, unknown in minerals of this
group, has been found. Tungsten probably enters the
anion group of dussertite, but the small number of anal-
yses does not allow to statistically evaluate W/M?"*,
W/M?** and W/anion correlations, which may clarify
crystallochemical position of W. The empirical formu-
la for W-rich dussertite based on 13 (O, OH) is
(Ba0,84ca0,04zn0,04cu0,03Sr FeZ,65A10,3l) (ASO4)

0,01)20,96( 22,96[ 1.62
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Table 19 X-ray powder diffraction data of W-rich dussertite

. d k1 » d k1 . d ok

27  6.001 1 0 1 28 1.8469 2 2 0 11 1.4363 0 3 9

10 5.160 0 1 2 9 1.8044 2 0 8 9 1.3966 4 1 0

29  3.693 1 1 0 4 1.7655 1 3 1 9 1.3966 1 4 0

11 3.610 1 0 4 4 1.7655 3 1 -1 13 1.3578 4 1 -3

19  3.143 0 2 1 13 1.7371 2 1 7 13 1.3578 1 4 3

100  3.119 1 1 3 13 1.7371 1 2 -7 13 1.3578 1 4 -3

100  3.119 1 1 -3 17 1.7193 1 1 9 13 1.3578 4 1 3

16  3.004 2 0 2 17 1.7193 1 1 -9 10 1.3160 1 0 13

41 20913 0 0 6 10 1.6869 1 0 10 10 1.2654 2 3 -7

23 2.581 0 2 4 9 1.6210 2 1 -8 10 1.2624 3 2 7

13 23914 1 2 -1 9 1.6210 1 2 8 9 1.2051 3 3 -3

13 23914 2 1 1 7 1.5928 0 4 1 9 1.2051 3 3 3

54 2.3263 1 0 7 9 1.5732 0 4 2 10 1.1757 2 1 13

15 2.2876 1 1 6 16 1.5599 2 2 -6 10 1.1757 1 2 -13

15 2.2876 1 1 -6 16 1.5599 2 2 6 8 1.1649 2 4 4

9 2.1332 3 0 0 23 1.5340 0 2 10 8 1.1649 4 2 -4

10 2.1169 1 2 -4 9 1.5016 4 0 4 5 1.1636 2 0 -14

10 2.1169 2 1 4 12 1.4475 3 1 -7 9 1.1436 2 2 -12

33 2.0025 0 3 3 12 1.4475 1 3 7 9 1.1436 2 2 12

9 1.9425 0 0 9 12 1.4363 3 0 9
Table 20 Unit-cell parameters for dussertite (for trigonal spacegroup ~ (WO,), (PO, ((Si0,), .15, ,((OH), ,, . The rather low to-
R-3m) tals of the chemical analyses (89.97-92.59 wt. %) are
W-rich dussertite dussertite Sb-rich dussertite S;Stl:?ebily C?use? by AI;) (erotSI.tly ((1)f thel Véry ??Dgramid d‘lils d
this paper thispaper  Kolitsch et al. (1999) e aggregates. A detatled analySis o Spectra di

a[A] 7.3875(5) 7.3884(4) 7.410(3) not indicate the presence of other elements with Z > 8.
c[A] 17.484(1) 17.5013(9) 17.484(4) A possible presence of Mg was tested using WD spectra
VIA] 826.4(1) 8274 831.3(3) with no positive results. Alternatively, H,O content in this

Fig. 28 Coatings of
W-rich dussertite. Hu-
ber stock, Krasno;
width of photo 2.3 cm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).
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Fig. 29 Group of small
trigonal crystals of
W-rich dussertite. Hu-
ber stock, Krasno;
width of photo 2 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).

Table 21 Chemica composition of dussertite (in wt. %)

mean*1 range*1 *2
CaO 0.31 0.23-0.40
BaO 17.68 16.64-18.57 22.96
SrO 0.21 0.14-0.35
CuO 0.33 0.31-0.35
Zn0O 0.41 0.28-0.51
ALO, 2.14 1.66-2.54
Fe,O, 24.09 27.91-31.45 35.87
Bi,0, 0.17 0.00-0.30
Sio, 1.42 1.04-2.02
As,O; 25.59 24.36-26.82 34.42
P,O; 1.79 0.91-2.37
SO, 0.10 0.05-0.16
WO, 5.90 5.32-6.51
H,0* 5.87 6.75
total 91.01 100.00

*H,O content calculated from ideal formula BaFe**,(AsO,),(OH), and
charge balance.

1* mean and range for 4 spot analyses.

2* theoretical composition of dussertite BaFe*",(AsO,),(OH),.

dussertite higher than indicated by the ideal formula
BaFe'",(AsO,),(OH), could be considered; for M** dom-
inated members of the crandallite group the group
: (XO,)(OH), . H,O [or alternatively (XO,)(XO,0H)(OH),]
Fig. 30 Intergrowth of trigonal crystals of W-rich dussertite. Huber is characteristic. Even in this case, the calculated Hzo
stock, Krasno; width of SE photo 70 pm. SEM Jeol JSM-6380 (J. Se- content was 8.38 wt.% and the analysis total only
jkora and J. Plasil). 93.52 wt.%.

e e
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Goethite Fe**O(OH)

Goethite was reported by Drozen (1967), Tacl — Bliml
(1974), Mach (1979) and Korbel (1991). It occurs in the
whole zone of supergene alteration associated with oth-
er supergene minerals as one of the youngest minerals.
Spheroidal radiating aggregates of brown red to greyish
red colour are most common on rock fracture surfaces.
Rare thin tabular crystals of brown colour, up to 1 cm
long, occur in cavities of quartz gangue.

Greenockite CdS

Greenockite has been found in the central part of the
Huber stock in the Stannum mine, along fractures of a
quartz veinlet in greisenized granite. The mineral forms
yellow to red orange compact to powdery coatings, tend-
ing to minute spheroidal aggregates. The crystal shape
is not visible even at the highest SEM magnifications.
This may indicate that greenockite formed by a rapid pre-
cipitation of amorphous CdS. It is supported by broad
diffractions in the X-ray diffraction pattern. The refined
unit-cell data (Table 22) based on such X-ray diffraction
pattern corresponds to the published values. The forma-
tion of greenockite probably reflects relatively high con-
tents of Cd (up to 0.1 wt. %) in sphalerite disseminated
in the surrounding greisen.

Table 22 Unit-cell parameters of greenockite (for hexagona space
group P6,mc)

Huber stock synt.
this paper Yeh et al. (1992)
a[A] 4.100(3) 4121
c[A] 6.734(6) 6.682
V [A9 98.03 98.27

Gypsum CaSO,.2 H,O

Krej¢i (1855) described the first gypsum occurrence at
Horni Slavkov. Later on, gypsum was identified by
X-ray powder diffraction and a spectral analysis (Drozen
1967). Up to several cm long, colourless, transparent and
perfectly formed crystals were collected recently in clay
of a fault zone. Gypsum was identified by X-ray powder
diffraction data.

Hentschelite CuFe* (PO,),(OH),

Hentschelite occurs as a very rare mineral (only two sam-
ples were found) at the Huber open pit. It forms light
green powdery to finely crystalline coatings, up to 2 cm?
in size, in cavity of corroded beige pink fluorapatite. It
is associated with transparent, slightly brownish crystals
of leucophosphite.

X-ray powder diffraction data (Table 23) correspond
to data for hentschelite from Reichenbach, Germany (Sie-
ber et al. 1987b) and the refined unit-cell parameters to
the published data for this species (Table 24).

Jarosite KFe’* (SO,),(OH),

Slavik (1903) described this mineral from Horni Slavk-
ov for the first time; however, the accurate original lo-
cation is unknown. Korbel (1991) confirmed presence of
jarosite on a single sample of greisen from Vysoky Ka-
men. It occurs as ochre yellow earthy nodules, up to
5 mm large. Korbel (1991) presented X-ray powder dif-
fraction data and unit-cell parameters (Table 25); these
values indicate a possible isomorphic substitution (K-Na,
Fe-Al, etc.) in cation positions.

Kaiikite Fe’*AsO, . 3.5H,0

It has been identified in samples from the Huber open pit
associated with scorodite and secondary cassiterite. Kan-
kite forms light green to yellow brown botryoidal aggre-
gates of spheres, up to 0.5 mm in diameter (Fig. 31), con-
stituting coatings to several cm? in size. It occurs on
quartz crystals or directly on weathered arsenopyrite. The
mineral was identified by X-ray powder diffraction data.
The refined unit-cell parameters of kankite (Table 26)
correspond to the published values.

Langite Cu (SO)(OH), . 2H,0

Langite occurs in samples from the Huber open pit asso-
ciated with scorodite. It forms whitish to white blue coat-
ings of minute spheres, up to 0.1 mm in diameter, tend-
ing to powdery coatings of a velvety appearance. The
coatings consist of randomly intergrown tabular crystals,
about 0.2 mm in size (Fig. 32). Langite has also been
identified from old dump near ventilation shaft of the
Stannum mine. Here it forms light blue glassy crystal-
line coatings in association with devilline, malachite and
limonite on surface of a weathered vein with chalcopy-
rite. Langite was identified by X-ray powder diffraction
data.

Libethenite Cu,(PO )(OH)

Rosicky (1916) published the first, though not necessar-
ily firmly reliable description of libethenite from Horni
Slavkov. Kratochvil (1963) described grass green min-
eral, likely libethenite, forming abundant druses and coat-
ings and intergrown with nacrite. Libethenite forms grass
green minute crystals with a vitreous lustre, constituting
fine-grained aggregates. The mineral in part penetrates
aggregates of a clay mineral similar to kaolinite (Tacl —
Bliml 1974). Korbel (1991) described from the Huber
open pit two morphologically distinct types of libethen-
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Table 23 X-ray powder diffraction pattern of hentschelite

I, d h k1 Iy d h k1 Iy d h k1
12 520 0 1 1 11 22524 1 3 0 2 16071 1 3 3
30 494 0 1 1 4 2230 2 1 3 2 16071 3 1 3
10 4849 1 1 0 7 22000 2 2 1 10 16020 -1 2 4
71 4790 -1 1 1 18 2203 3 1 1 2 1585 0 0 4

9 4061 0 2 0 4 21406 1 3 1 2 1505 -3 3 3
5 389 0 2 0 4 21406 3 1 1 6 15506 -3 2 4
6 385 1 1 1 9 2125 1 3 1 9 15481 4 0 0
12 3678 1 0 1 44 21074 -1 3 2 2 15385 4 2 3
11 3497 0 2 1 9 2081 -2 3 1 10 15241 3 3 1
21 344 0 0 2 3 2063 1 2 2 8 149526 2 4 3

100 3390 0 2 1 3 209 0 1 3 3 148192 3 4 2
98 3326 1 1 1 13 2035 2 2 1 2 147995 2 3 4
4 3299 1 2 0 14 2035 -1 2 3 5 147899 0 2 4
47 3280 1 2 1 9 19954 3 1 0 7 146879 0 5 2
15 3269 -1 1 2 18 19688 -3 2 2 14 146735 1 3 3
12 3197 0 0 2 40 19374 2 2 2 2 144946 4 3 2
14 3187 2 1 1 3 1845 3 1 2 2 14733 3 3 1
33 3168 0 1 2 3 1845 1 3 2 4 144618 2 3 3
27 3006 2 0 O 3 1846 0 4 1 4 144618 3 2 3
15 3069 1 2 0 11 1859 -1 4 1 3 144147 2 1 3
15 3069 2 1 0 18 1839 2 0 2 4 143841 0 4 3
11 3035 2 0 2 2 1798 3 2 1 11 143100 -1 5 2
19 298 0 1 2 2 1798 2 3 1 6 14250 3 1 2
12 287 2 1 0 5 17958 -3 2 3 2 142394 2 5 1
24 283 1 2 1 2 1788 2 1 2 2 14237 3 3 4
24 283 2 1 1 2 17712 1 3 2 3 14208 3 3 2
1 274 1 1 2 14 17462 -4 0 2 3 142089 3 0 5
55 2707 0 3 0 6 17425 3 0 1 3 14196 4 3 1
21 2675 1 2 1 2 1726 3 3 1 9 141406 4 2 4

4 2645 -1 2 2 2 1723 1 4 1 12 140761 -4 3 3
24 2625 0 2 2 4 17144 3 3 2 3 139787 3 1 5
47 2001 2 2 1 4 17142 1 4 2 7 137689 1 1 4
20 2519 0 3 1 2 17142 1 1 4 5 136453 -1 1 5
31 24721 0 2 2 2 17040 -4 1 2 9 134627 4 1 1
14 24246 2 2 0 4 17006 3 1 1 2 13309 4 3 0
27 24078 0 3 1 18 16643 0 4 2 2 13309 3 4 0
15 23065 1 3 0 12 16631 2 2 2 2 133499 3 2 5
13 23048 -2 2 2 17 16625 -3 1 4 8 13%5% 0 5 3
16 2382 -1 3 1 4 16562 -4 1 1 4 131773 5 1 1
33 2384 -1 0 3 8 1649% 2 4 0 2 131668 1 2 4

7 23443 2 2 0 32 16480 0 3 3 3 13106 4 3 1
10 2315 1 1 2 8 16401 -2 4 2 3 131066 3 4 1
13 23003 -3 0 1 2 1635 2 2 4 4 131041 4 3 4

8 22821 2 1 1 6 16242 0 5 0 10 130066 -4 4 2

6 22793 -1 1 3 7 16164 3 3 0
11 22524 3 1 0 6 16151 1 1 4

Table 24 Unit-cell parameters of hentschelite (for monoclinic spa-

ce group P2 /n)

Huber stock Reichenbach
this paper Sieber et al. (1987a)
a[A] 6.987(6) 6.984(3)
b[A] 7.797(6) 7.786(3)
c[A] 7.214(6) 7.266(3)
R[] 117.59(6) 117.68(2)
V [A9 348.3 349.89

Table 25 Unit-cell parametersof jarosite (for trigonal space group R-3m)

Huber stock synt.
Korbel (1991) Menchetti — Sabelli (1976)
a[A] 7.257(3) 7.315(2)
c[A] 17.123(12) 17.224(6)
V [A9 780.9 798.17

Fig. 31 Botryoidal surface of kankite aggregate. Huber open pit; width
of SE photo 200 um; SEM Tesla 320 (A. Gabasova).
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Table 26 Unit-cell parameters of kaikite (for monoclinic cell)

Huber stock Kaik near Kutna Hora
this paper Cech et al. (1976)
a[A] 18.72(1) 18.803(15)
b[A] 17.503(9) 17.490(18)
c[A] 7.646(4) 7.633(5)
B[] 92.76(8) 92.71(5)
V [A9 2502.3 2507.4

Fig. 33 Libethenite
crystals in quartz
gangue. Huber open
pit, Krasno; width of
photo 4 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

Table 27 Unit-cell parameters of libethenite (for orthorhombic space
group Pnnm)

Krasno synt.
Korbel (1991) Yakubovich — Mél’ nikov (1993)
alA] 8.229(10) 8.071(2)
b[A] 8.445(20) 8.403(4)
c[A] 5.896(2) 5.898(3)
V[A9 400.7 400.01

ite — the first one forms green pseudocubic/octahedral
crystals, up to 1 mm in size.

The second one is represented by black-green crystal-
line aggregates consisting of tiny orthorhombic crystals.
Korbel (1991) used for libethenite identification spectral
analysis, optical properties (biaxial negative, N =
1.788(2), N_ = 1.742(3), N, = 1.703(3)), X-ray powder
diffraction data and refined unit-cell parameters (Ta-
ble 27). Somewhat elevated values of the unit-cell param-
eters indicate an increased content of As (olivenite com-
ponent) in the samples studied by Korbel (1991).

Dipyramidal crystals of libethenite (Figs 33, 34), up
to 3 mm long, associated with olivenite, quartz, clay min-
erals and corroded sulfides were relatively common in
the Huber open pit. Colour varies from green to black-
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Fig. 34 Libethenite crystal. Huber open pit, Krasno; width of SE pho-
to 500 pm; SEM Jeol JSM T-20 (Z. Mach).

green, lustre is usually vitreous but in association with
clay minerals libethenite is often corroded. At the extraor-
dinary level at 500 m a.s.l., libethenite forms light green
strongly vitreous crystals, up to 1 mm in size, associ-
ated with olivenite, cassiterite and chalcopyrite. Li-
bethenite specimens collected at new sites have been
identified using X-ray powder diffraction and semiquan-
titative study of chemical composition. A typical feature
of the studied specimens (Fig. 35) is a distinct composi-
tional zoning, including substitutions Cu-Zn and P-As.
In the M?" position, regular Zn contents up to 0.05-0.14
apfu (Fig. 36) and variable but low contents of Fe
(0-0.04 apfu) were found. In the anion group As contents
of 0.10-0.55 apfu (Fig. 37) indicate a wide range of the
libethenite (P) — olivenite (As) isomorphous series. Ac-
icular crystals and compact aggregate from the 5% level
of the Huber mine (analysis 6 in Table 28) shows up to

Fig. 35 Semi-spherical zoned aggregate (P-As, Cu-Zn) of libethenite
at margins of fluorapatite and lighter tabular crystals of UNK6. Huber
open pit, Krasno; width of BSE photo 1.2 mm. Cameca SX100 (J. Se-
jkora, R. Skoda).
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Fig. 36 Cu vs. Zn (apfu) diagram for minerals of the libethenite-ol-
ivenite isomorphous series from Krasno.
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Fig. 37 P vs. As (apfu) diagram for minerals of the libethenite-oliven-
ite isomorphous series from Krasno.

Table 28 Chemica composition of libethenite (in wt. %)

1 2. 3. 4. 5. 6. 7.
CuO 58.09 58.38 58.69 59.02 53.54 50.02 66.54
CaO 0.05  0.11 0.08  0.05
ZnO 475 323 340 1.57 273 11.72
FeO 0.39  0.78 1.19
ALO, 0.09 0.19 0.03 0.19 0.04
PO, 2692 2687 2232 1832 1474 17.23  29.69
As O, 4.71 532 9.05 16.21 2289 17.85

H,0* 3.08 285 380 312 182 3.5 3.77
total 98.08 97.74 98.54 98.49 95.77 99.97 100.00

* H,O content calculated from the ideal formula Cu,(PO,)(OH) and
charge balance.

The following empiric formulas were celculated on the basis of
5 (0,0H):

1' (Cul.Slzno.MFe O.IO]ZI.OA(OH)O.?B
. (Cu

2 1.83zn0.IOFeO.()})):l.96[(P04)0.94(AS04)0.]2]21.06(OH)0.77
3' (Cul.SSZHO.IOFeO.OA)):l.99[(PO4)0.79(AS04)0.20]20.99(OH)1.05
4' (Cul.9zzn0.05)21.97[(PO4)0.67(AS04)0.36]21.03(OH)0.87
5
6
7

(PO,),,,(ASO)),

0.0])21 .96[ 0.94

: (Cul .SSZHO.O‘))ZI 94 [(PO4)0.57(AS04)0.55 ]21 . IZ(OH)0.54

N (Cul.6zzn0.37)21.99[(PO4)0.62(AS04)O.40]_21.OZ(OH)O.‘)O
. theoretical composition of libethenite Cu,(PO,)(OH).
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0.40 apfu As and up to 0.37 apfu Zn. The elevated Zn
content is more common in olivenite, which suggest the
existence of the olivenite (Cu) — adamite (Zn) series. The
empirical formulas of the studied libethenite are given in
Table 28.

A striking phenomenon is the occurrence of a proba-
bly primary libethenite, discovered in specimens collected
in 1972-1973 at the 4" level of the Huber mine. Li-
bethenite intergrowth with dark violet fluorite constitutes
several cm long black-green crystalline aggregates. Li-
bethenite crystals, 2 to 3 mm long, with smoth or cor-
roded crystal faces (Fig. 38) occur at the surface of these
aggregates. They are partly covered by crystalline inten-
sive yellow green dickite. The libethenite crystals are
grey-green, black-green to nearly black with weak green
internal reflections. The fluorite-libethenite-dickite accu-
mulations occurred in quartz gangue with abundant co-
lourless rock crystals, up to 1 cm long, and translucent
to white tabular crystals of fluorapatite, up to 8§ mm long.
This libethenite was identified by X-ray powder diffrac-
tion and characterized by quantitative chemical analysis.
In contrast to supergene libethenite, this type of material
is compositionally homogeneous, free of zoning visible
in BSE images. Cu and P are the dominant elements
(Table 29), whereas contents of As (to 0.06),
Zn (to 0.04) and Al (to 0.01 apfu) are minor. Its chemi-
cal formula calculated on the basis of 5(0,0H), is
(Cu, o Zn, Al (PO,), (AsO,) (OH)

0,06]21,95

0,0I)ZZ,OI[ 0.89 1.21°

Fig. 38 Crystals of li-
bethenite of a probable
primary origin. Huber
mine, Krasno; width
of photo 3 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

Table 29 Chemica composition of libethenite of a probable primary
origin (in wt. %)

mean*1 range* 1 *2
CuO 64.01 62.03-65.70 66.54
CaO 0.08 0.04-0.12
ZnO 1.34 1.14-1.60
FeO 0.08 0.02-0.11
ALO, 0.29 0.28-0.32
P,O; 25.97 24.55-28.26 29.69
As,O; 2.67 2.45-2.81
H,0* 4.55 3.77
total 99.00 100.00

* H,0O content calculated from the ideal formula Cu,(PO,)(OH) and
charge balance.

*1 mean and range for 6 spot analyses

*2 theoretical composition of libethenite Cu,(PO,)(OH).

Malachite Cu (CO,)(OH),

The first descriptions of malachite at Horni Slavkov
date to mid-19" century (Krejéi 1855; Gliickselig 1862
and other authors). Korbel (1991) distinguished three
types of malachite in the Huber open pit. The first type
forms deep green crystalline coatings, consisting of tiny
crystals, covering pharmacosiderite. Green clay-like ag-
gregates with well-preserved radial structure represent the
second type. The last type of malachite forms thin com-
pact coatings on greisen, which are in turn covered by
azurite. Korbel (1991) published a spectral analysis,
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Table 30 Unit-cell parameters of malachite (for monoclinic space
group P2,/a)

Huber stock Schndd stock —
Korbel (1991) this paper Zigan et al. (1977)
a[A] 9.486(5) 9.485(4) 9.502
b[A] 11.997(9) 11.963(4) 11.974
c[A] 3.241(1) 3.241(1) 324
R[] 98.75(4) 98.64(4) 98.75
V [A9 364.5 363.6 364.35

Fig. 39 Aggregate of corroded crystals of malachite; Huber open pit,
Krasno; width of SE photo 400 pm; SEM Jeol JSM T-20 (Z. Mach).

X-ray powder diffraction data and refined unit-cell pa-
rameters for malachite (Table 30).

During the present study malachite has been found at
several places of the district including the VII" and VIII®
levels of the Schndd stock, at the 4™ and 5™ level of the
Huber stock, in the Huber open pit and at historical
dumps around the open pit and behind the ventilation
shaft No. 2. However, at all these places malachite is a
relatively rare mineral. Malachite studied in detail formed
bright green coatings of acicular crystals (Fig. 39), up to
5 mm long, in quartz gangue from the VII" level of the
Schndd stock. It is associated with azurite, olivenite and
pseudomalachite. This malachite specimen was identified
by X-ray powder diffraction. The refined unit-cell param-
eters (Table 30) correspond well to the published data.

Mansfieldite AIAsO, .2 H,0

Mansfieldite has been found as a rare mineral at several
places in the Huber open pit. It occurs in small vugs of
quartz gangue and greisen as white or greenish clusters
of acicular crystals (Fig. 40) or radiating aggregates of
very minute acicular crystals, up to 3 mm long (Figs 41,
42). In contrast to the substantially more common
scorodite, the semi-spherical mansfieldite aggregates are
light-coloured, nearly white to light green, with nearly
smooth surface. Mansfieldite is associated with scorodite,

Fig. 40 Nearly white
mansfieldite crystals
deposited on brown
“varlamoffite” aggre-
gates in cavities of
quartz gangue. Huber
open pit, Krasno;
width of photo 2 mm.
Nicon SMZ1500 mi-
crophotography (J. &
E. Sejkora).
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Fig. 41 Central part of a radiating aggregate of mansfieldite crystals.
Huber open pit, Krasno; width of SE photo 200 pm. SEM Tesla 320
(A. Gabasova).

— o

Fig. 42 Termination of mansfieldite crystals. Huber open pit, Krasno;
width of SE photo 125 pm.Tesla 320 (A. GabaSova).

Table 31 Unit-cell parameters of mansfieldite (for orthorhombic space group Pcab)

mansfieldite mansfieldite skorodite* variscite*
Huber stock Oregon, USA — —
this paper Anthony et al. (2000) Hawthorne (1976) Kniep et al. (1977)
a[A] 10.096(3) 10.08 10.278(2) 9.822(3)
b[A] 9.823(5) 9.76 9.996(2) 9.630(3)
c[A] 8.796(4) 8.72 8.937(1) 8.561(3)
V [A3] 872.33 857.88 919.18 809.75

* data are transformed to a comparable crystallographic setting

wolframite and cassiterite. A semiquantitative chemical
study using ED equipment indicates that mansfieldite is
strongly zoned in As-P and less in Al-Fe. Locally P pre-
dominates over As. The mineral was identified by X-ray
powder diffraction. The refined unit-cell parameters
(Table 31) are somewhat higher than those for mansfield-
ite, however, the problem could not be explained by sub-
stitutions by As and Fe (mansficldite-scorodite, mans-
fieldite-variscite series) because they have opposite
effects on the unit-cell parameters.

Metatorbernite
see torbernite — metatorbernite
Mixite BiCu (AsO,),(OH), 3 H,0

Mrazek (1981) described mixite from Horni Slavkov on
the basis of X-ray powder data, spectral analysis and IR
spectrum. Two types of occurrence are reported: fibrous
to felt-like aggregates in cavities of quartz gangue and
rare green-blue individual acicular crystals precipitated
on crystalline crusts of olivenite. Korbel (1991) used
some data published by Mrazek (1981) and newly pre-
sents optical properties (N =1.745(3), N_> 1.780) and a
slightly different X-ray powder pattern. Sejkora (1992)
presented unit-cell parameters (Table 32), including com-
parison with other minerals of the mixite group.

During this study, mixite has been confirmed in quartz
gangue from the marginal part of the Huber open pit. It
forms green to light green compact and finely crystalline
aggregates (Fig. 43) in association with cornwallite and
minerals of the crandallite group. It was identified by
X-ray powder diffraction; the refined unit-cell parame-
ters (Table 32) are in good agreement with the published
data.

Table 32 Unit-cell parameters of mixite (for hexagonal space group
P6,/m)

Huber stock Huber stock —
this paper Sejkora (1992) Mereiter — Preisinger (1986)
al[A] 13.605(2) 13.594(8) 13.646(2)
c[A] 5.909(1) 5.920(5) 5.920(1)
V[A9 947.2 947.(1) 954.67

Mohrite (NH,),Fe*(SO,), . 6H,0

Mohrite has been formed sub-recently on a weathered
mixture of pyrite, chalcopyrite and covellite in the Hu-
ber open pit. It constitutes thin glassy coatings of a light
blue colour, up to several cm? in size. Its crystallization
was probably triggered by exposure of sulphide aggre-
gates during mining. The mineral was identified by
X-ray powder diffraction.
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Olivenite Cu,(AsO,)(OH)

Breithaupt (1849) originally decribed olivenite in the as-
sociation with quartz and feldspar but without any fur-
ther details. Drozen (1967) described olivenite from the
4t Jevel of the Huber mine as short stalky, bunch-shaped
and fan-shaped aggregates of pale green to yellow green
colour in association with pseudomalachite in a greisen
vug. Korbel (1991) presented a more detailed description
of three morphological types of olivenite from the Hu-
ber open pit. The first type is formed by black-green
spherical aggregates with a radial structure which is as-
sociated with pseudomalachite; the next type occurs in a
form of green scaly aggregates with mixite. The last type
is represented by green clay-like aggregates with pre-
served radial structure, filling voids among quartz crys-
tals. Korbel (1991) evidenced spectral analyses (indicat-
ing a high Zn content), X-ray powder diffraction data and
refined unit-cell parameters (Table 33).

Newly obtained data show that olivenite is a wide-
spread mineral not only in the Huber open pit but also

Table 33 Unit-cell parameters of olivenite (for orthorhombic space
group Pnnm)

Krasno
Korbel (1991)* Burns — Hawthorne (1995)
a[A] 8.560(6) 8.5894(2)
b[A] 8.191(12) 8.2076(2)
c[A] 5.904(9) 5.9286(1)
V [A9 414.0 417.96

* transformation of unit-cell parameters a—-b

Fig. 43 Mixite aggregates on
quartz gangue. Huber open pit;
width of photo 2 mm. Nicon
SMZ1500 microphotography
(J. & E. Sejkora).

in mining works in the Huber and Schndd stocks. It usu-
ally forms crystalline aggregates composed of minute bi-
pyramidal or acicular olive green crystals, up to 2 mm
in size, (Figs 44-46). Specimens representing crusts of
mm-sized crystals deposited on crystals of white quartz
are up to tens of cm? in diameter (Fig. 47). The young-
est (sub-recent) generation of olivenite forms light green
coatings on fractures.

Olivenite has been confirmed by X-ray powder dif-
fraction and semiquantitative chemical study. Also
zoned aggregates of As-rich libethenite, including
subordinate zones of P-rich olivenite were found
(Fig. 48). Quantitative chemical analyses obtained for
two selected specimens correspond to intermediate
members of the olivenite-libethenite series, with
about 0.40 apfu P. The calculated empirical formulas
are given in Table 34.

Table 34 Chemica composition of olivenite (in wt. %)

1. 2. 3.
CuO 60.38 55.38 56.21
ZnO 2.67
ons 11.02 11.92
As, O 24.83 25.52 40.61
H,0* 3.66 2.65 3.18
total 99.89 98.14 100.00

* H,O content calculated on the basis of the ideal formula Cu,(AsO,)(OH)
and charge balance.

The following empirical formulas were calculated on the basis of 5(0,0H)
1 N CuZ.O] [(ASO4)O.S7(PO4)O.4] ]ZO.QR(OH)] .07

2' (Cu].SRZHO.O‘))E].97[(ASQ4)O.6O(PQ4)O.A§2]Z].OZ(OH)OJR
3. theoretical composition of olivenite Cu,(AsO,)(OH).
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Fig. 44 Group of ol-
ivenite crystals show-
ing irregular olive col-
oration. Huber open
pit, Krasno; width of
photo 5 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

Fig. 46 Aggregates of parallel and randomly oriented olivenite crys-
tals; Huber open pit, Krasno; Width of SE photo 500 um. SEM Tesla
320 (A. GabasSova).

Fig. 45 Aggregate of long prismatic crystals of olivenite; Huber open
pit, Krasno; width of SE photo 500 um; SEM Tesla 320 (A. Gabas-
ova).
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Fig. 48 Zoned aggregates of As-rich libethenite (darker) to P-rich ol-
ivenite (lighter zones); the very light inclusions are cassiterite. Width
of BSE photo 400 um. Cameca SX100 (J. Sejkora, R. Skoda).

Petitjeanite Bi,O(PO,)(OH)

The mineral has been found as a dominant component
(Fig. 49) of pseudomorphs after native Bi intergrown in
coarse-grained quartz from the Huber open pit. Dark grey
pseudomorphs with greasy lustre are 1-2 mm in size. The
petitjeanite aggregates locally enclose fine relics of na-
tive Bi and their surface is coated by russellite.

Fig. 47 Acicular ol-
ivenite crystals com-
posing a rich coating
on fracture of quartz
gangue. Huber open
pit, Krasno. Width of
photo 3 mm. Nicon
SMZ1500 micropho-
tography (J. & E.
Sejkora).

Petitjeanite was identified by X-ray powder diffraction
and its chemical composition (Table 35) is characterized
by low contents of As up to 0.05-0.15 apfu. An exten-
sive isomorphism P-As-V in the anion group of the pre-
isingerite group minerals was already noted by Sejkora
(1992). The empirical formula based on 10(O,0H) is

Bi3,0401,OO[(PO4)1,72(ASO4)0,09]21,81 [(OH)IBIFO,OS]ZI.SQ :

Fig. 49 Petitjeanite aggregate (grey), locally with abundant relics of
native Bi; the younger phase (dark grey) is russellite. Huber open pit,
Krasno. Width of BSE photo 1 mm. Cameca SX100 (J. Sejkora,
R. Skoda).



Journal of the Czech Geological Society 51/1-2(2006)

87

Table 35 Chemica composition of petitjeanite (in wt. %)

mean*1 range*1 *2
Bi,0, 82.18 81.81-82.54 82.24
As,O; 1.23 0.77-1.41
PO 14.12 13.63-14.53 16.70
F 0.17 0.17-0.17
-O=F, 0.07
H,0* 1.71 1.06
total 99.33 100.00

* H,O content calculated from the ideal formula of petitjeanite
Bi,0(PO,),(OH) and charge balance.

*1 mean and range of 3 spot analyses

*2 composition calculated from ideal formula Bi,O(PO,),(OH).

Pharmacosiderite K Fe*",(AsO,),(OH), .6-7 H,0
(n=1-3)

Hoffmann (1903) and Slavik (1903) published the first
reports on pharmacosiderite. Drozen (1967) confirmed
the occurrence of this mineral. Tacl — Bliiml (1974) char-
acterized three types of pharmacosiderite. It formed
minute crystals of grass green colour, which protrude
from finely crystalline coatings and clearly differ from
larger crystals of scorodite. Pharmacosiderite also oc-
curred in fine-grained greisen with small cavities carry-
ing wolframite, chalcopyrite and other supergene miner-
als. Crust-like coatings of light green colour, very
fine-grained and similar to clay material, come from the
Huber open pit. A third type of pharmacosiderite forms
lustrous crystalline coatings of emerald green colour,
which are accompanied by partly decomposed wol-
framite. Korbel (1991) recognized five different types of
pharmacosiderite. The first one is represented by green
hexahedron crystals locally in combination with octahe-
dron, up to 2 mm in size, in vugs of greisen. The second
one includes aggregates of crystals (<0.1 mm) in cavi-
ties of quartz. The third type of pharmacosiderite forms
green or brown crystalline crusts, composed of corroded
crystals. The fourth type includes fine-grained to com-
pact coatings with a warty surface. The last type is rep-
resented by light green material with a clay-like appear-
ance. Korbel (1991) confirmed pharmacosiderite from
Krasno by spectral analysis, X-ray powder diffraction
data and refined unit-cell parameter (Table 36).

Mach (1979) designated barium-rich pharmacosider-
ite from Krasno as barium-pharmacosiderite. This min-
eral has been found in association with chalcosiderite as
very minute crystals tending to crystalline crusts, yellow
to yellow brown in colour, with a vitreous lustre. It cov-

Table 36 Unit-cell parameter of pharmacosiderite (for cubic space
group P4-3m)

Huber stock Huber stock —
this paper Korbel (1991) Buerger et al. (1967)
a[A] 7.945(1) 7.965(1) 7.9816(5)
V[A%| 50151 505.31 508.48

ers wolframite and cassiterite in a cavity in quartz. Crys-
tal morphology is variable, with crystals usually similar
to cube or rhombohedron (Figs 50, 51). Barium was de-
termined by qualitative chemical analyses. Due to sub-
stitution of K by Ba, Na etc. in the crystal structure of
pharmacosiderite (Anthony et al. 2000), the members
with dominating Ba are not considered as independent
mineral species.

All the newly documented finds of pharmacosiderite
come from the Huber open pit. Along with scorodite,
pharmacosiderite is the most common product of decom-
position of the primary sulfides. It frequently occurs in
granular and earthy aggregates, particularly in proximi-
ty of arsenopyrite. Pharmacosiderite crystallized in typi-
cal striated cubes (Fig. 52), sometimes in combination
with tetrahedral and rhombic dodecahedral crystal fac-
es. The maximum size of crystals is 5 mm. The mineral
is usually green to deep green, less frequently yellow and
brown.

Pharmacosiderite was identified by X-ray powder dif-
fraction. Its refined unit-cell parameter (Table 36) is in

Fig. 50 Crystals of barium-rich pharmacosiderite. Huber open pit, Kras-
no. Width of SE photo 200 um; SEM Tesla 320 (A. Gabasova).

Fig. 51 Crystals of barium-rich pharmacosiderite. Huber open pit, Kras-
no. Width of SE photo 200 um; SEM Tesla 320 (A. Gabasova).
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agreement with the published data. Quantitative chemi-
cal data (Table 37) were obtained for yellow, green and
brown pharmacosiderite crystals deposited in cavities of
quartz gangue (analyses 5—8) and for tiny crystals (anal-
yses 1-4) associated with UNK3 (Sejkora et al. 2006a).
The chemical formula for pharmacosiderite has previous-
ly been given as KFe (AsO,),(OH), . 6-7H,0. Studies by
Mutter et al. (1984) and Peacor — Dunn (1985) indicat-
ed K (and Na) in K-site near to 2 apfu. Pharmacosider-
ite from Krasno shows total K-site occupancy in the range
of 1.15-2.15 (in association with UNK3) (Fig. 53) and
2.68-3.53 apfu (crystals from cavities in quartz). The
variation in K-site occupancy depends on pharmacosid-
erite crystal structure, which consists of an open zeolitic
framework [Fe,(OH),(AsO,),]- with alkalis, alkaline

Table 37 Chemica composition of pharmacosiderite (wt. %)

1 2 3 4 5 6 7 8
Na,0| 0.07 137 036 039 1.10 037 051 0.53
K,0 6.52  9.69 10.76 11.10 14.50 14.57 16.73 16.81
CaO 0.00 0.00 0.14 0.01 0.05 0.00 0.09 0.06
BaO .37 1.35 0.61 0.78 0.03 0.07 0.10 0.16
SrO 0.00 0.00 0.06 0.00 0.16 0.10 0.09 0.15
PbO 0.00 0.09 0.09 0.00 0.03 0.00 0.00 0.00
CuO 0.27 0.00 040 0.00 0.06 022 0.03 0.14
MnO | 0.00 0.01 0.04 0.00 0.00 0.03 0.00 0.06
ZnO 0.60 034 0.10 0.15 0.69 054 1.67 0.62
ALO,| 145 1.14 051 031 127 233 359 255
Fe,O0,| 37.45 3556 37.96 37.98 32.77 32.67 30.92 30.71
Sb,0,| 035 044 032 036 0.00 000 0.00 0.00
Sio, 0.01 0.00 0.01 0.05 0.00 0.00 0.00 0.00
As) 04| 27.06 2425 28.09 29.54 27.23 30.68 26.90 25.64
P,O, | 1092 10.52 8.57 812 548 405 582 6.79
SO, 0.00 0.11 0.14 0.13 0.09 0.00 0.00 0.03
TiO, 0.01 0.06 0.01 0.00 0.00 0.00 0.00 0.03
H,0* | 19.69 19.43 19.90 19.82 18.86 19.28 19.95 19.21
total |105.76 104.36 108.06 108.73 102.29 104.90 106.40 103.47
Na* 0.017 0.367 0.096 0.101 0.337 0.110 0.157 0.160
K 1.065 1.711 1.868 1.890 2.930 2.864 3.371 3.354
Ca* 0.000 0.000 0.020 0.001 0.008 0.000 0.014 0.009
Ba* 0.069 0.073 0.032 0.041 0.002 0.004 0.006 0.010
Sr** 0.000 0.000 0.004 0.000 0.015 0.009 0.009 0.014
Pb* 0.000 0.003 0.003 0.000 0.001 0.000 0.000 0.000
Cu* 0.026 0.000 0.041 0.000 0.008 0.025 0.003 0.017
Mn* 0.000 0.001 0.004 0.000 0.000 0.004 0.000 0.008
Zn* 0.056 0.035 0.010 0.014 0.080 0.062 0.195 0.071
AP 0.218 0.186 0.082 0.049 0.237 0.424 0.668 0.470
Fe** 3.612 3.704 3.885 3.816 3.906 3.789 3.676 3.616
Sb** 0.017 0.022 0.016 0.017 0.000 0.000 0.000 0.000
Ti* 0.001 0.006 0.001 0.000 0.000 0.000 0.000 0.003
Si* 0.002 0.001 0.001 0.007 0.000 0.000 0.000 0.000
As™ 1.814 1.755 1.998 2.063 2.255 2.472 2222 2.097
P 1.185 1.233 0.987 0.918 0.734 0.528 0.778 0.899
Sé* 0.000 0.012 0.014 0.013 0.010 0.000 0.000 0.004
H 16.836 17.938 18.057 17.653 19.929 19.821 21.022 20.046
OH 3.829 4941 5.064 4.655 6932 6.822 8.017 7.044
H,0 6.503 6.498 6.496 6.499 6.499 6.500 6.503 6.501

1-4 — representative spot analyses of various colour varieties of phar-
macosiderite, 5-8 — representative spot analyses of pharmacosiderite as-
sociated with UNK3.

Coefficients of empirical formula were calculated on the basis of
(P+As+Si+S) = 3.00;

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

earths and water molecules in the channels (Buerger et
al. 1967). The water content varies considerably and the
cations in the channels are considered to be exchange-
able (Mutter ef al. 1984). Potassium is the dominant ele-
ment in K-site of all analysed pharmacosiderite samples
from Krasno (Fig. 54); the contents of Na and Ba reach
0.37 and 0.07 apfu in maximum, respectively. In contrast
to the majority of published pharmacosiderite analyses
(Fig. 53), the studied samples contain increased Al in the
range of 0.05-0.77 apfu. Pharmacosiderites with in-
creased Al typically come from cavities in quartz gangue.
Another characteristic feature of all studied samples from
Krésno is a significant content of P (range of 0.53—1.23
apfu), as yet unreported in minerals of this group
(Fig. 55). Empirical formulas for representative spot anal-
yses of pharmacosiderite from Krasno are given in Ta-
ble 37.

Fig. 52 Complex intergrowth of pharmacosiderite crystals. Huber open
pit, Krasno. Width of SE photo 500 pm; SEM Jeol JSM T-20
(Z. Mach).
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Fel(Fe+Al)

# pharmacosidente, Hubar opan pil, Krisno (this paper)
W pharmacossdante, Zlala Bafa and Lubislovs
(Sejkora, unpublished data)
0 pharmaccsidante-group minerals {Schmetzer e al 1587,
Paacod = Dunin 1085, Multer &f &' 1984)

Fig. 53 Plot of Fe/(Fe+Al) vs. K+Na+Ba in K-site in pharmacosiderite
from Krasno.
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@ pharmacosidente, Huber opan pit. Krisno (this paper)

w phamacosidarite, Zlald Bafta and Lubistova
{Seyuora, unpublished data)

O phamacosidedte-group minerals (Schmetzer ol al 15981
Peacor = Dunn 1985, Mutier &f al. 1984)

Fig. 54 Ternary plot of K — Na — Ba of K-site occupancy (atomic ra-

tios) for pharmacosiderite from Krasno.
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Fig. 55 Plot of As — P (apfu) in pharmacosiderite from Krasno.

Posnjakite Cu (SO )(OH), . H,0

Posnjakite has been observed relatively frequently on
samples from the Huber open pit. It is associated with
green to green-blue coatings of brochantite, malachite,
chrysocolla and UNK?2 (Sejkora ef al. 2006a). This ma-
terial occured on the surface of weathered veinlets and
aggregates composed of primary cuprite, chalcocite and
triplite. Posnjakite forms light blue crystalline crusts and
rare sheaves of elongated crystals, up to 2 mm in size
(Fig. 56). The mineral was identified by X-ray powder

o

pharmacosiderda, Huber opan pil. Krasno (this paper)

iz

diffraction data. The refined unit-cell parameters (Ta-
ble 38) are in good agreement with the data published for
this species.

Table 38 Unit-cel parametersof posnjakite (for monoclinic unit-cell Pa)

Huber stock —
this paper Mellini — Merlino (1967)
a[A] 10.4915(8) 10.578(5)
b[A] 6.338(3) 6.345(3)
c[A] 7.892(3) 7.863(3)
R[] 118.54(4) 117.98(5)
V[A9 461.0 466.06

N hewew .."I",*"_ . “
Fig. 56 Group of posnjakite crystals. The Huber open pit, Krasno; width
of SE photo 100 um; SEM Tesla 320 (A. Gabasova).

A -,

Preisengerite Bi,O(AsO,),(OH)

Preisingerite is a typical component of dark grey pseudo-
morphs after native bismuth collected in the open pit and
from the 4" level of the Huber shaft in the Huber stock.
These aggregates with greasy luster, 2—4 mm large, are
intergrown in coarse-grained white quartz. Preisingerite
is associated with relics of native Bi, zavaritskite and bis-
mutite. Younger yellow russellite coats the preisingerite
pseudomorphs. Rare patchy preisingerite aggregates, up
to 30 um, are also intergrown with rooseveltite in
scorodite crystalline aggregates (Fig. 57).

Fig. 57 Patchy preisingerite aggregates (white) with irregular veinlets of
rooseveltite (grey), intergrown in scorodite (dark). Huber stock, Krasno;
width of BSE photo 220 pm. Cameca SX100 (J. Sejkora, R. Skoda).
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Preisingerite was identified in mixture with zavarits-
kite and some other minerals by X-ray powder diffrac-
tion. The chemical composition of both types of preis-
ingerite shows variable P content from 0.21 to 0.36 apfu,
besides the dominant elements — Bi and As (Table 39).
Such an extensive isomorphic substitutions in the anion
group, involving As-P-V, has been described by Sejkora
(1992). The empirical formula calculated on the basis of
10(0,0H) is (Bi,,,Fe [(AsO,), .(PO,)
[(OH)I.IZFO.IO]ZI.ZZ :

0.06)23.0001.00 1.65 0.27]21.92

Table 39 Chemica composition of preisingerite (in wt. %)

At present, pseudomalachite was identified by X-ray
powder diffraction as minute crystals deposited directly
on quartz from the VIII" level of the Schndd stock, in
association with malachite, chrysocolla, apatite and trip-
lite. It also occurs as small spheroidal aggregates on
quartz crystals from the Huber open pit, quartz gangue
around the open pit and the dump behind the ventilation
shaft No. 2 (Fig. 58).

mean*1 range* 1 *2

Bi,0, 74.53 73.49-75.37 74.53
Fe,0, 0.56 0.00-1.13

ALO, 0.02 0.00-0.06

As,O, 20.71 19.44-22.31 2451
PO 2.12 1.65-2.74

F 0.22 0.19-0.26

-O=F, 0.09

H,0* 1.12 0.96
total 99.19 100.00

* H,O content calculated from the ideal formula of preisingerite
Bi,0(As0O,),(OH) and charge balance.

*1 mean and range of 4 spot analyses

*2 composition calculated from ideal formula Bi,0(AsO,),(OH).

Pseudomalachite Cu (PO,),(OH),

Drozen (1967) described pseudomalachite from Krasno
as a powdery mineral of light blue green colour. Tacl —
Bliml (1974) confirmed the presence of pseudomala-
chite as well. Korbel (1991) described pseudomalachite
in material from the Huber open pit as a relatively com-
mon mineral and distinguished three morphological
types. The first type forms black green botryoidal crusts
on olivenite and wolframite, the second one forms blue-
green crystalline aggregates in the quartz cavities, and
is overgrowing pharmacosiderite. The last type of
pseudomalachite occurs as blue green fine-grained to
massive aggregates in association with younger azurite.
Korbel (1991) also published spectral analysis, X-ray
powder diffraction data and refined unit-cell parameters
(Table 40).

Table 40 Unit-cell parameters of pseudomalachite (for monoclinic
space group P 2 /c)

A E i’ L e 'y

Fig. 58 Radiating aggregate of acicular crystals of pseudomalachite.
Huber open pit, Krasno; width of SEM photo 2,5 mm; Jeol JSM T-20
(Z. Mach).

Remarkable specimens of pseudomalachite come from
the Huber open pit. The mineral forms semi-spherical to
spherical aggregates (Fig. 59), up to 0.2 mm in diame-
ter, with surface showing very minute tabular crystals
(Fig. 60). These aggregates at places coalesce to small
coatings. The aggregates and coatings of As-rich
pseudomalachite are deposited on irregular aggregates of
inhomogeneous /imonite (Fig. 61). The quantitative
chemical study (Table 41) shows significant As contents
up to 0.51-0.63 apfu, besides low concentrations of Fe,
Ba, Zn, Al and Si. The As-abundances indicate a partial
isomorphism in the series pseudomalachite — cornwall-
ite, proposed by Arlt — Armbruster (1999). The empi-

Table 41 Chemica composition of As-rich pseudomalachite (in wt. %)

pseudomalachite  pseudomalachite cornwallite
Korbel Shoemaker et al.  Arlt — Armbruster
(1991)* (1997) (1999)
a[A] 4.482(6) 4.4728(4) 4.600(2)
b [A] 5.758(3) 5.7469(5) 5.757(3)
c[A] 17.09(1) 17.302(3) 17.380(6)
B[°] 90.94(4) 91.043(7) 91.87(3)
VA3 | 441.0 437.73 460.04

* unit-cell parameters transformed to the standard setting in P 2 /c.

mean*1 range* 1 *2

CuO 69.18 67.65-70.95 69.09
FeO 0.57 0.38-0.77

BaO 0.17 0.00-0.33

ZnO 0.11 0.00-0.20

ALO, 0.45 0.35-0.59

Sio, 0.21 0.20-0.24

As,O, 11.57 10.37-12.47

PO, 15.86 14.74-16.31 24.65
H,0* 6.86 6.26
total 104.98 100.00

* H,O content calculated from the ideal formula of pseudomalachite
Cu (PO,)(OH), and charge balance.

*1 mean and range of 6 spot analyses

*2 composition calculated from ideal formula Cu(PO,)(OH),.
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Fig. 59 Semi-spherical
to spherical aggregates
of As-rich pseudomal-
achite deposited on /i-
monite crust. Huber
open pit, Krasno; width
of photo 2 mm; Nicon
SMZ1500. Micropho-
tography (J. & E. Sej-
kora).

Fig. 61 Crystalline, in part semi-spherical aggregates of As-rich
pseudomalachite (light) deposited on inhomogeneous limonite aggre-
gate (dark). The lighter domains in pseudomalachite indicate a weak
compositional zoning in P-A and Cu-Fe, which is, however, nearly in-
Fig. 60 Semi-spherical aggregates of thin tabular As-rich pseudomala- distinct due to imperfetly polished surface of the specimen and graph-
chite crystals. Huber open pit, Krasno. Width of SE photo 160 um. Jeol ite coating; Huber stock, Krasno. Width of BSE photo 800 pm. Came-
JSM-6380 (J. Sejkora and J. Plasil). ca SX100 (J. Sejkora, R. Skoda).
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rical formula of As-rich pseudomalachite, based on
12 (O’OH) iS (Cu4.95FeO.05AlO.OS)ZS.OS[(PO4)1.27(ASO4)0.57
(510, 4051 (OH), 55 - The high totals of chemical anal-
yses are probably due to sample dehydration by electron

beam in vacuum.
Rooseveltite BiAsO,

A probable rooseveltite specimen consists of irregular
veinlet-form aggregates up to 100 um long and only 1—
8 um wide (Fig. 62), intergrown in coarsely crystallized
scorodite from the Huber stock. Preisingerite, goyazite
and the unidentified phosphate of U, Th and REE are the
associated phases. Owing to the minimal proportion of
the BiAsO, aggregates it was not possible to test by

Fig. 62 Irregular veinlet-like aggregates of rooseveltite (light grey) in
coarsely crystalline scorodite aggregate (dark grey), Huber stock, Kras-
no, width of BSE photo 200 pm. Cameca SX100 (J. Sejkora, R. Skoda).

X-ray examination whether the studied mineral belongs
to tetragonal tetrarooseveltite or monoclinic rooseveltite.
Since the monoclinic polymorph is more abundant in na-
ture probably due to its larger stability field, it is sug-
gested that the studied BiAsO, mineral from Krasno is
probably refers to rooseveltite.

Chemical analyses of rooseveltite (Table 42) show, in
addition to major Bi and As contents, low concentrations

Table 42 Chemica composition of rooseveltite (in wt. %)

mean*1 range*1 *2

Bi,0, 66.59 64.40-68.27 66.97
Fe,O, 2.52 1.84-2.89

ALO, 0.12 0.06-0.21

As,O; 29.78 26.92-30.83 33.03
PO, 0.84 0.00-2.09

F 0.29 0.00-0.45

-O=F, 0.12

total 100.01 100.00

*1 mean and range of 6 spot analyses
*2 composition calculated from ideal formula Bi(AsO,).

of Fe (0.08 to 0.13), P (to 0.08) a F (to 0.10 apfu).
Although it is difficult to exclude safely iron contribu-
tion from the enclosing scorodite, the Fe content does not
vary with electron beam diameter (0.7-5 um) and the size
of rooseveltite aggregates (3—8 pum in the analyzed sites).
The empirical formula of rooseveltite based on 4 O is
(Bi0,98Feo.11) [(ASO4)0 (PO,

21.09 ,89F0,05 0,04]20.97 :

Russellite BiZWO6

Russellite is a typical minor component in quartz gangue
and greisens which were enriched in Bi minerals. It forms
light yellow to deep yellow powdery coatings in the prox-
imity of aggregates of other Bi minerals. The surface of
the coatings is irregular or botryoidal, with semi-spheri-
cal aggregates (Fig. 63), which are usually porous
(Fig. 64). Russellite has also been identified as yellow
powdery or plastic coatings in the proximity of altered
grains of the native Bi. Russellite is probably formed by

Fig. 63 Porous spheroidal aggregates of russellite. Huber open pit, Kras-
no. Width of SE photo 80 pm; SEM Jeol JSM T-20 (Z. Mach).

Fig. 64 Detail of porous russellite aggregate. Huber open pit, Krasno.
Width of SE photo 20 um; SEM Tesla 320 (A. Gabasova).
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sub-recent activity of tungstate ions. It is often associat-
ed with dickite and other clay minerals. The mineral has
been found at the 4™ level of the Huber shaft and in the
Huber open pit.

The X-ray powder patterns of russellite from Kras-
no correspond to the data published for russellite with
tetragonal symetry (Hodge 1970). The individual dif-
fraction maxima have high FWHM values of half-
widths of diffractions and their absolute intensities are
subdued. The study of synthesized analogous phase
(Knight 1992, Rae et al. 1991) shows that russellite is
orthorhombic with closely similar ¢ and b parameters
(near 5.43-5.45). In view of an imperfect crystal state
of russellite from Krasno, closely positioned diffrac-
tions are not sufficiently individualized. Consequently,
the unit-cell parameters were refined for tetragonal
symmetry (Table 43).

Tabl e 43 Unit-cell parametersof russellite (for tetragonal space groups
1-42d or 14,/amd)

Huber stock* 1 Huber stock*2 Huber stock*2 Poona

this paper this paper  Sgikora (1992) Hodge (1970)
alA] 5.440(3) 5.430(2) 5.433(2) 5.48
c[A] 11.514(7) 11.50(3) 11.60(1) 115
V [A%] 340.74 339.1 342.40 345.35

1* open pit at Huber stock
2* 4" |evel of the Huber mine

Fig. 65 Prismatic
crystal of scorodite.
Krasno. Width of
photo 2.2 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

Scorodite Fe**AsO,.2 H,0

Scorodite, one of the most common supergene minerals in
the near-surface parts of the Huber stock, is frequently
mentioned in the old literature. Gliickselig (1862), Klvana
(1886) and Hoffmann (1903) described the occurrence.
Slavik (1903), in addition to an extensive description, pub-
lished detailed goniometric study of crystal morphology.
Later, Drozen (1967), Tacl — Bliiml (1974) and Korbel
(1991) presented results of spectral analysis, X-ray pow-
der diffraction data and refined unit-cell parameters.
Scorodite is a typical mineral of the upper parts of the
Huber stock. It formed due to decomposition of primary
arsenopyrite. Scorodite finds during the last decade point
to highly variable modes of occurrence, including powdery
coatings and fill of vugs with arsenopyrite relics and also
perfectly formed crystals with a large number of crystal
faces and a wide range of colours (Figs 65-68). Beran
(1999) described several morphological types of scorodite:
— well-formed crystals of a sky-blue to blue green co-
lour, rarely more than 5 mm in size, in cavities of
quartz gangue, often in proximity of sulfides. There
are typically only a few crystals in a single cavity,
— transparent green crystals with morphology some-
what similar to that of topaz. The colouration is un-
even. It occured in small drusy cavities of grey quartz
or greisen, in association with wolframite, /imonite
and sulfides,
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Fig. 66 A group of scorodite prismatic crystals deposited on pharma-
cosiderite crystals. Huber open pit, Krasno. Width of SE photo 0.6 mm;
SEM Jeol JSM T-20 (Z. Mach).

Fig. 67 A group of scorodite prismatic crystals. Huber open pit, Kras-
no. Width of SE photo 1.1 mm; SEM Jeol JSM T-20 (Z. Mach).

L§

Fig 68 A group of scorodite prismatic crystals. Huber open pit, Kras-
no. Width of SE photo 250 um; SEM Jeol JSM T-20 (Z. Mach).

— flat crystals of green or blue green colour, with a vit-
reous lustre, tend to form radiating flat aggregates on
fractures of quartz gangue or greisen. It is typically
associated with wolframite and cassiterite,

— non-transparent orthorhombic crystals, in places
grouped in radiating or spheroidal aggregates with
vitreous or greasy lustre; the aggregates occur in vugs
in quartz gangue and may fill completely the space,

— green or green grey non-transparent aggregates with
a greasy lustre, very fine-grained aggregates coating
quartz crystals or cavities in greisen,

— spheroidal or grape-like aggregates of a light green
or green grey colour, on arsenopyrite or other sul-
fides; the aggregates appear amorphous and have a
variable lustre,

— green, poorly defined, amorphous-like aggregates
similar to clay minerals.

The various scorodite types were identified by X-ray
powder diffraction. The refined unit-cell parameters (Ta-
ble 44) are in good agreement with the published data.

Table 44 Unit-cel parameters of scorodite (for orthorhombic space
group Pbca)

Huber stock *1  Huber stock *2 —
this paper Korbel (1991) Hawthorne (1976)*
a[A] 8.973(3) 8.961(8) 8.937(1)
b[A] 10.063(3) 10.028(9) 9.996(2)
c[A] 10.334(4) 10.329(14) 10.278(2)
V[A9 | 933.11 928.17 919.18

* data transformation to the standard setting
*1 scorodite associated with karikite;
*2 compact porous aggregates of yellow green colour

A quantitative chemical analysis was obtained for a
coarsely crystalline scorodite aggregate associated with
Bi arsenates (Table 45). This material is dominantly Fe-,
and As-rich, with a very low content of Al and P. The
empirical formula on the basis of 6(0,0H) is

(Fe, , Al (AsO,),,,(PO,) . 4.00H,0.

0,04)20.99 [ 0.99 0,01]21,00

Table 45 Chemica composition of scorodite (in wt. %)

Krasno *1
ZnO 0.16
Fe,O, 32.61 34.60
ALO, 0.93
As,O; 49.13 49.79
P,O; 0.24
SO, 0.10
H,0* 15.71 15.61
total 98.88 100.00

* H,0 calculated from the formula Fe(AsO,) . 2H,0.
*1 composition calculated from the ideal formula Fe(AsO,) . 2H,0.
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Silver Ag

The first notes on silver occurrence at Horni Slavkov
come from the 16" century. Pavli (1984) described the
presence of wire silver in association with supergene cop-
per minerals on the surface of a corroded ore veinlets in
samples from the Huber stock.

During this study, silver has been confirmed in asso-
ciation with covellite, and the oldest generation of black
olivenite. Fine dendritic aggregates of silver, up to I mm
in size, occured on the surface of dark blue, finely crys-
talline crusts of covellite with a steal lustre. These crusts
fill cavities in quartz and carry relics of primary miner-
als such as chalcopyrite. Silver was formed by the cemen-
tation process, via reaction of mineralizing solutions on
the surface of primary minerals, mainly chalcopyrite and
arsenopyrite.

Torbernite Cu(UO,),(PO,), .10-12 H,O -
metatorbernite Cu(UO,),(PO,), . 8 H,O

Attractive specimens carrying emerald green tabular
(Fig. 69) and barrel-shaped (Fig. 70) crystals of torber-
nite are mentioned from the old mine of Emperor Josef
and other locations in the Krasno ore district by Kratoch-
vil (1957-1964), with reference to a chemical analysis
and a measurement of pleochroism. Torbernite is often

Fig. 69 Tabular crystal
of metatorbernite.
Krasno. Width of pho-
to 6 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

described in association with gummite and uraninite. Dro-
zen (1967) described this mineral as very rare flakes of
a characteristic green colour. However, none of the ex-
isting descriptions is supported by X-ray data. Thus it is
possible, that the older descriptions relate in fact to me-
tatorbernite, which is confirmed by the present study.
Alternatively, it is possible that the original torbernite
transformed spontancously to metatorbernite during the
prolonged storage.

Metatorbernite was newly identified in several speci-
mens collected at the Huber stock.

In all cases, metatorbernite forms inconspicuous pow-
dery particles or coatings along fractures in quartz
gangue, in association with clay minerals, scorodite and
other supergene minerals. X-ray powder diffraction was
used for distinguishing this mineral from similar torber-
nite; its refined unit-cell parameters (Table 46) compare
closely with the published data.

Table 46 Unit-cel parameters of metatorbenite (for tetragonal unit-cell
P4/n)

Huber stock *1 synt.
this paper Locock — Burns (2003)
alA] 6.9737(8) 6.9756(5)
c[A] 17.3367(8) 17.349(2)
V[A9 843.13 844.18
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Varlamoffite (Sn,Fe)(O,0H), = hydrated Fe-bearing
cassiterite

This material occurs as yellow green, yellow, yellow brown
to orange powdery fillings of cavities, coating along frac-
tures and in pores of weathered greisen always in proxim-
ity of corroded primary cassiterite. The most common as-
sociation includes primary cassiterite, apatite, clay minerals
and olivenite and varlamoffite formed by a prolonged hy-

Table 47 Chemica composition of “ varlamoffite” from Krésno (wt. %)

mean range (3 analyses)

Na,O 0.03 0.01-0.04
CaO 0.19 0.00-0.37
PbO 0.06 0.00-0.11
CuO 0.06 0.05-0.07
MnO 0.04 0.02-0.07
Fe,O, 6.10 5.71-6.48
ALO, 0.44 0.41-0.47
Sc,0, 0.09 0.02-0.16
Bi,0, 0.06 0.04-0.07
SnO, 90.12 89.59-90.64
Sio, 0.18 0.14-0.22
As,O; 0.46 0.35-0.58
SO, 0.02 0.00-0.03
H,0* 1.37 1.30-1.45
total 99.20

* H,0 content was calculated from charge balance.

Fig. 70 Barrel-shaped
crystal of metatorber-
nite. Krasno. Width of
photo 4 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Se-
jkora).

dration of cassiterite. The X-ray powder diffraction pattern
features a strong diffusion of reflections caused by poor
crystallinity. Varlamoffite, although reported from numer-
ous localities, is not considered at present a valid mineral
species, but a Fe-bearing, hydrated variety of cassiterite.

Chemical analysis has been obtained on yellow
brown powdery varlamoffite (Table 47) in association
with minerals of the mansfieldite — scorodite series. Its
composition corresponds to the empirical formula
(Sno.SéFeO.l1A10.Ol)20.98[01.78(OH)0.22]22.00’ In difference to
majority of published analyses of this mineral (Taylor et
al. 1970, Sharko 1970, Rezek 1987, Sidorenko et al.
1993) the analyzed varlamoffite from Krasno contains
low Fe and H,O, but the quantities of these additional
components are significantly higher than in primary cas-
siterite (Losos — Beran 2004).

Zavaritskite BiOF

It has been found in association with native Bi, preis-
ingerite, and bismutite in the Huber open pit, and as an
admixture in bismutite at the 4" level of the Huber mine.
It is a major component of grey black or black aggregates
in fine-grained quartz and rimmed by yellow coatings of
late russellite. Intergrowths of zavaritskite, bismutite and
preisingerite rimming grains of primary native Bi were
observed in a polished section.
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X-ray powder diffraction pattern of zavaritskite shows
that the sample is a mixture of several minerals. Diffrac-
tions free of coincidence with the other phases present
have been used for refinement of the unit-cell parame-
ters of zavaritskite. The refined unit-cell parameters are
in good agreement with the data published for this min-
eral (Table 48). The quantitative chemical analysis of za-
varitskite (Table 49) shows fluorine deficiency, if com-
pared with the theoretical formula BiOF. Fluorine can be
replaced by chlorine, but in the analyzed sample Cl was
below the detection limit of c. 0.03 wt.% CI. Part of F is

Kaolinite ALSi,O,(OH),

The sample studied has been collected in the Huber open
pit. Kaolinite forms soft beige white pseudomorphs af-
ter partly altered carpholite, in 1 cm thick veinlet and
violet fluorite. The mineral probably formed in very late
stages of hydrothermal activity. No other clay minerals

Table 50 Unit-cell parametersof kaolinite (for triclinic space group C1)

Tabl e 48 Unit-cell parametersof zavaritskite (for tetragonal space group

P4/nmm)
Krésno Krésno synt
this paper Sejkora (1992) Aurivillius (1964)
a[A] 3.7455(7) 3.7468(2) 3.7469(5)
c[A] 6.218(2) 6.227(2) 6.226(1)
V [A9 87.23 87.42 87.41
Table 49 Chemica composition of zavaritskite
meanl* range* 1 *2
Bi 87.85 86.98-89.15 85.65
F 6.56 5.66-7.09 7.79
o* 6.72 6.66-6.82 6.56
H,0** 1.59
total 102.73 100.00

* O content calculated from stoichiometry

* H,0 content calculated from the formula BiO(F,OH) and charge ba-
lance.

*1 mean and range of 3 spot analyses

*2 composition calculated from ideal formula BiOF.

substituted by the (OH) group — (OH) content is 0.10—
0.30 pfu. Dolomanova et al. (1962) reported zavaritskite
with c. 0.20 pfu (OH) from the Sherlovaya Gora loca-
tion. The empirical formula for zavaritskite from Kras-
no is Bi, O, ,[F,,(OH)

1.00L™ 0.82 0.18]22.00 .

Apendix — Phyllosilicates identified in the
association of supergene minerals

Phyllosilicates or so-called “clay minerals” belong to the
most common supergene minerals in the whole ore dis-
trict and they accompany majority of other supergene
minerals. Early mineralogical descriptions report the pres-
ence of “clay minerals” (dickite, kaolinite, nacrite, smec-
tite) usually without any X-ray powder diffraction and
chemical identification. “Clay minerals” usually represent
mixtures and cannot be identified by megascopic obser-
vation. The present study resulted in reliable identifica-
tion of several phyllosilicates, characterized in the fol-
lowing text.

Huber open pit —
this paper Neder et al. (1999)

a[A] 5.154(1) 5.154(9)
b[A] 8.926(2) 8.942(4)
c[A] 7.400(1) 7.40(1)

o] 92.63(3) 91.69(9)

R[] 104.58(2) 104.61(5)

y[°] 88.54(2) 89.82(4)

V [A3 320.1 32991

accompany kaolinite. Kaolinite was identified by X-ray
powder diffraction. Refined unit-cell parameters (Table
50) are in good agreement with the published data.

Dickite ALSi,0 (OH),

Dickite identified in specimens from the Huber stock
forms whitish crystalline aggregates, up to several cm?
in size, consisting of tabular crystals up to 0.1 mm, in
cavities of quartz gangue (Fig. 71). It is associated with
minerals of the crandallite group and supergene Cu min-
erals. At the 4" level of the Huber shaft it forms accu-
mulations several cm across with probably primary li-
bethenite and fluorite. The aggregates of intensive yellow
green colour (Fig. 72) are distinctly crystalline with im-
perfect tabular crystals to 0.2 mm. The striking colour of
dickite is probably caused by finely dispersed libethen-
ite. Dickite was identified by X-ray powder diffraction.

Cookeite LiAl Si,A10, (OH),

Cookeite sample was collected at the 4" level of the Hu-
ber shaft, in a central part of the Huber stock (Kosatka
1988). It forms grey compact aggregates occurring in a
cassiterite nest, where it fills space between grains of to-
paz and cassiterite. It has been identified by X-ray pow-
der diffraction in a sample representing a mixture with dic-
kite. The qualitative spectral analysis is given in Table 51.

Table 51 Spectrd analysisof cookeite, Huber stock, Krésno (in wt. %)

>1% 1—0.1% 0.1—0.01 % <0.01%
Al, S, Ca, Li Mn, Mg, Fe, K,B,Ti,P, Be As Ga S,
Na, Sn Zn, Cu Zr, Cr, Ni
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Fig. 71 Crystalline
dickite aggregates in
cavities of quartz
gangue. Huber open
pit, Krasno. Width of
photo 9 mm. Nicon
SMZ1500 micropho-
tography (J. & E. Sej-
kora).

Fig. 72 Bright yellow
green dickite aggre-
gates associated with li-
bethenite, 4" level of
the Huber mine, Kras-
no. Width of photo
3 mm. Nicon SMZ1500
microphotography (J. &
E. Sejkora).
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Evolution of the supergene mineral associations in
the Huber and Schnod stocks

The processes of formation of supergene mineralization
in the Sn-W ore district Krasno can be divided into three
main stages. The stages are not strictly separated in space
and time:

1. Late hydrothermal activity

2. Supergene processes

3. Recent and sub-recent processes

Late hydrothermal activity produced aggregates of
zavaritskite, bismite, bismutite, presingerite, petitjeanite
etc., derived by alteration of native bismuth. This type
of hydrothermal alteration is known from number of other
localities (Sejkora 1992, Ondrus et al. 1994). The li-
bethenite — fluorite — dickite accumulations found at the
Huber stock and of some scorodite types there probably
formed in the process of late hydrothermal alteration, as
well as kaolinite replacing carpholite.

Large accumulations of the primary phosphates, i.c.,
triplite and apatite, were a dominant source for forma-
tion of supergene minerals in the supergene processes.
Consenquently, a large part of the supergene minerals are
phosphates (see also Sejkora et al. 2006b). The sulphars-
enides and sulphides (arsenopyrite, chalcopyrite, chalcoc-
ite etc.) are the second important source, producing main-
ly arsenates and sulphates. The rarity of supergene
carbonates closely correlates with rarity of primary car-
bonates in the whole deposit, CO, in minor supergene
carbonates is obviously of atmospheric origin.

Various mechanisms participated on the decomposition
of the primary sulpharsenides and sulphides during su-
pergene processes. They included, in addition to natural
supergene processes, alterations triggered by mining ac-
tivity, which was taking place for several centuries. It
induced weathering on a large scale, resulting in forma-
tion of sub-recent or recent arsenates and sulphates in
general and iron arsenates in particular. The latest alter-
ations resulted in a sequence scorodite — pharmacosider-
ite — arseniosiderite, terminated by a final formation of /i-
monite. A wide range of the supergene copper minerals,
from the early sulphates through arsenates and phos-
phates to the latest carbonates and silicates suggests rel-
atively widespread presence of small amounts of chal-
copyrite and other primary Cu-bearing minerals and
continous elevated activity of Cu. Native silver formed
by the process of cementation from products of decom-
position of the primary sulphides, which contain minor
amounts of silver. Because macroscopic primary silver
minerals at Kradsno are unknown, silver was present ei-
ther as minor inclusions of primary silver-bearing min-
erals in other sulphides, or as an isomorphose admixture
in copper minerals (djurleite, stannoidite and chalcopy-
rite). The latter alternative is considered more probable.
Similar cementation processes resulted in the formation
of native cooper and covellite.

Conditions of formation of secondary cassiterite
(varlamoffite — remobilized microcrystalline variety of

cassiterite) are interesting. Cassiterite was obviously the
source of Sn. Unlike primary cassiterite, varlamoffite was
never observed in proximity of Sn sulphides in various
stages of weathering. This indicates that the mechanism
of dissolution and crystallization of SnO, is not depen-
dent on the presence of sulphides and on pH gradient. It
seems that varlamoffite has been formed by local disso-
lution of cassiterite by solutions rich in F- ion. Dissolved
SnO,, after transport for a distance of several mm, was
precipitated from solutions containing relatively mobile
ions [Sn(F,OH),]".

Decomposition of arsenopyrite and other sulphides
resulted in formation of abundant recent and sub-recent
arsenates and sulphates of copper and iron. Younger gen-
erations of pharmacosiderite and scorodite, formed by
recent spontaneous precipitation, are characteristic by
striking colour variation of their crusts and coatings. Ar-
seniosiderite represents the very late stage of decompo-
sition of arsenates, being succeeded only by formation
of limonite. Chalcanthite, brochantite or native copper,
precipitated in old adits, belong to typical examples of
sub-recently formed minerals. The occurrences of sub-
recent chalcanthite indicate relatively high local concen-
trations of copper and a high acidity of solutions, result-
ing from a strong alteration of the primary ore minerals.
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Supergeni mineraly loZisek Huberova a Schnédova pné, rudni revir Krasno, Slavkovsky les, Ceska republika

V praci jsou shrnuty vysledky studia supergennich mineralti z oblasti Huberova a Schnédova pné v Sn-W rudnim reviru Krasno u Horniho Slavkova
(Slavkovsky les, Ceska republika). Mineralogicky vyzkum byl zaloZen na vyuZiti optické a elektronové mikroskopie, rentgenové praskové difrakci a
elektronové mikroanalyze. Jednotlivé zjisténé mineralni druhy jsou véetné zjisténych dat encyklopedicky prezentovany. Diskutovéna je i role pozdné
hydrotermalnich, supergennich, sub-recentnich a recentnich procest pii vzniku jednotlivych minerald i jejich asociaci.
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