MINERALOGIA, 41, No 1-2: 35-53 (2010) %«OWA R 2
N\

DOI: 10.2478/v10002-010-0004-1 é’ .r%_
www.Mineralogia.pl Q O
o F &
MINERALOGICAL SOCIETY OF POLAND 4], i v
RarE”

POLSKIE TOWARZYSTWO MINERALOGICZNE

Original paper

Polymetallic mineralization in Triassic strata of the NW part of
the Krakéw-Czestochowa Monocline

Jadwiga PIECZONKA'

" AGH - University of Science and Technology, Faculty of Geology, Geophysics and Environment Protection;
al. Mickiewicza 30, 30-059 Krakow, Poland
email: jpieczon@geolog.geol.agh.edu.pl

Received: March 1, 2009

Received in revised form: October 13, 2010
Accepted: December 14, 2010

Auvailable online: February 5, 2011

Abstract. A new association of ore minerals has been found in the Lower and Middle Triassic rocks in the vicinity
of the village of Wozniki in the NW part of the Upper Silesian district. In addition to the typical Zn-Pb-Fe
association in dolomites, copper sulphides have been detected in the sandstones and conglomerates of the Lower
Bunter. Copper mineralization occurs in the sandstone matrix and is represented by bornite, chalcopyrite,
chalcocite, tetrahedrite and covellite. High admixtures of zinc in Cu sulphides and admixtures of copper in Zn-Pb
sulphides suggest a common source for the metal-transporting fluids and a single period of sulphide
crystallization.

Key-words: copper mineralization, Bunter, Upper Silesian ore district

1. Introduction

Initial geological work in the NW part of the Krakéw-Czgstochowa monocline in the
early 1950s was carried out by the Geological Enterprises from Krakow and Kielce and the
Polish Geological Institute (PGI) from Warsaw. During this work, the Bibiela-Kalety and
the Miotek-Zielona Zn-Pb deposit areas were discovered and a follow-up campaign was
carried out by the PGI (Wielgomas 1959, 1961, 1975, 1979, 1980; Kasprzak 1969; Kerber
1977; Kasprzak, Kerber 1979). In the 1980s, the Academy of Mining and Metallurgy in
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Krakéw and the PGI continued the work within a state-financed project. Its goal was two-
fold, i.e. to prepare a report on the previously discovered small deposits of Zn-Pb and to
assess the potential of the NW part of the Upper Silesian ore district which at that time had
been poorly recognized (Strzelska-Smakowska 1993). The area between Brusek and
Koszecin to the west of the known deposits and Kozieglowy immediately to the north was
the focus of a drilling program (Fig. 1, 2).
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Fig. 1. Position of the Upper Silesian Zn-Pb strata-bound ores in relation to the major Palaeozoic
fracture zones and faults (after Sass-Gutkiewicz, Dzutynski 1998. Palacozoic tectonics simplified
after Herbich 1981 and Morawska 1997, vide Sass-Gustkiewicz 2001).

1 — Cretaceous, 2 — Jurassic, 3 — Triassic, 4 — Permian, 5 — Carboniferous, 6 — Devonian,

7 —Cretaceous-Tertiary of the Carpathians, 8 — Zn-Pb ore deposits, 9 — fracture zones and major
faults, 10 — Carpathian nappes. The Cainozoic cover is not shown. KLFZ — the Krakow-Lubliniec
Fracture Zone, TGFZ — the Tarnowskie Gory Fault Zone, USF — the Upper Silesian Fault.
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Fig. 2. Location of drill holes

The present work focussed not only on the Muschelkalk strata but also on the Bunter
sediments beneath. Examination of drill cores led to the discovery of a new type of ore
mineralization composed of chalcopyrite, bornite, tetrahedrite, chalcocite and covellite,
associated with the widespread Zn-Pb-Fe sulphides typical of the Triassic strata. The
association of copper sulphides is described in detail here, although the presence of
chalcopyrite was previously noted in some places of the Upper Silesian ore district by
Haranczyk (1962) and Przeniosto (1974). Haranczyk (1962) also described two sulphosalts
co-occurring with botryoidal sphalerite, namely Tl-jordanite [(Pb,T1);4As6S,3] and gratonite
(Pb27As5S5).

2. Methods

Samples for mineralogical studies were collected from the cores of the following drill
holes: KW-3, KW-7, KW-9, KW-16, KM-78, KM-81 and LW-9 (Fig. 2). The cores provide
data to describe the geology and stratigraphy of the area. Special attention was paid to 20
samples from the Lower Bunter. A Nikon-Optiphot reflected light microscope was used in
the mineralogical study. Microprobe analyses were carried out at the Institute of Non-
ferrous Metals in Gliwice using a JEOL Superprobe 753 and later at AGH-UST in Krakow
using an ARL SEMQ instrument, applying the following conditions, spectral lines and
standards: voltage 20 kV; probe current 120 mA; sample current 9 nA; counting time 20 s;
SKa and FeKa (FeS,), CuKa (100%), PbMa (PbS), ZnKa (100%), AsLa (100%), SbLo
(100%), AgLa (100%). Detection limits were S < 0.05%, Fe < 0.02%, Cu < 0.02%,
Pb < 0.05%, Zn < 0.02%, As < 0.02%, Sb < 0.02% and Ag < 0.02%. Analyses of
thiosulphates were carried out using an EDS system combined with an electron scanning
microscope FEI Quanta-200 FEG (20 kV acceleration voltage) at the Department of
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Mineralogy, Petrography and Geochemistry in the Faculty of Geology, Geophysics and
Environmental Protection (AGH-UST).

3. Lithostratigraphic profile

The geology of the Upper Silesian area is relatively well known (Bukowy 1964,
Ekiert 1971, Gruszczyk 1956, Smolarska 1968, Gorecka 1993) and its stratigraphy has been
described and discussed by Siedlecki (1952), Senkowiczowa and Szyperko-Sliwczyfiska
(1961), Sliwinski (1961) and Wyczotkowski (1978).

All Triassic members are present in the study area. They lie unconformably mostly on
Carboniferous shales, sandstones and carbonate rocks but, in some places, the underlying
rocks are Silurian schists, Permian conglomerates and Devonian carbonate rocks (Fig. 3).
Drill core examination underpins the descriptions of the Triassic lithologies in this paper.

Shale, claystone,
sandstone
Clay, marls, marly
18} 30.9m L Fe-Zn

dolomite, limestone
MUSCHELKALK M 32.7m Dol.omite Fe-Zn
Dolomite, marly
TRIASSIC L 120.2 m limestone, Fe-Zn-Pb
conglomerate
Dolomite, dolomitic
U 74.0 m marls, shale, Fe-Zn-Pb
evaporate
Clayey sandstone,
M+L | 26.8 m | sandstone argillite,
conglomerate
PERMIAN Claystone

KEUPER 89.5m

BUNTER

Cu-Fe-
Zn-Pb

Fig. 3. Stratigraphic profile of drill hole KW-3. U — Upper, M — Middle, L — Lower

The Bunter is represented by Lower Bunter and Roethian strata. The Lower Bunter
rocks, which occur in all of the drill holes except KW-16, comprise clayey-sandstone
terrigenous sediments containing intercalations of conglomerates and clayey-sandy-
carbonate beds typically characterized by red, maroon and green colours. The thicknesses
of the Bunter strata range from several meters in KW-9 up to 30 meters in KM-81 and KW-
3. The Roethian rocks comprise various dolomite beds containing intercalations of shales
and marls as well as minor intercalations and nests of gypsum and anhydrite. In comparison
to the SE part of the Krakow-Czestochowa monocline, the thickness of the Roethian strata
is greater and reaches 60-70 m, decreaseing to several meters only in a small area north of
the Miotek-Zielona deposit.

The Muschelkalk is composed of limestone and dolomite beds. The Lower
Muschelkalk is divided into several units, i.e. the Gogolin, Gorazdze, Terebratula and
Karchowice Beds which, in the uppermost part of the section, have a dolomite-
conglomerate-clayey character. The lowermost part of the Muschelkalk, the Gogolin Beds,
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ranges between 50-70 m in thickness, decreasing towards the NE. These beds are typically
crystalline, wavy limestones intercalated by conglomerates and clayey shales and
containing a variety of faunal fragments. Dolomite beds occur in the uppermost part of the
Muschelkalk and usually represent the Gorazdze, Terebratula and Karchowice Beds. The
total thickness of these beds reaches 40 m. The Middle Muschelkalk is represented by the
Diplopora dolomite with a thickness varying from 20 m in the southern and eastern parts of
the area to 60 m in the central part. This dolomite is characterized by high porosity and is
commonly oolitic and conglomeratic. In the NE part of the area, limestone and oolitic
limestone occur in place of the Diplopora dolomite. The upper parts of the Lower
Muschelkalk and the Middle Muschelkalk strata host Zn-Pb deposits and occurrences. In
the Kalety deposit (Wielgomas 1959), the largest resources occur in the Middle
Muschelkalk. It is difficult to define the boundary between the Middle and the Upper
Muschelkalk as both are dolomitic in character. The Upper Muschelkalk is represented by
the Tarnowice Beds which wusually comprise marly dolomites lacking gypsum
intercalations. The Tarnowice Beds are overlain by conglomerates, organodetritic
limestones, dolomites and marls followed by clays, silty dolomites, mudstones and, locally,
sandstones. The total thickness of the Upper Muschelkalk is ~ 40 m. The full Upper
Muschelkalk sequence is present only in the northern part of the area whereas, in the
southern part, these beds are not seen.

Keuper sediments, present over most of the area, are spotted, multi-coloured, clayey
sandstones intercalated by carbonate beds. Their average thickness is ~ 80 meters, but they
may reach 200 meters.

Younger sediments, for the most part, have been eroded away. Jurassic strata, up to
250 m thick, occur only in its eastern part. The entire area is covered with Quaternary
deposits of varying thickness. These are conglomerates, sandstones, clays and soils which
lie directly on the Triassic or Jurassic rocks.

4. Ore mineralization

Ore mineralization has been found in the Middle- and Lower Triassic rocks in the
vicinity of Wozniki village (Fig. 2). This new find occurs at the same stratigraphic position
as in other parts of the Upper Silesian district (Haranczyk 1962; Zigtek-Kruszewska 1978;
Sass-Gustkiewicz 1997).

4.1. Muschelkalk
4.1.1. Upper Muschelkalk

In these strata, ore mineralization has been detected in KW-3 and KM-78 in the NW
part of the area. Most common are pyrite and marcasite. They are dispersed in sparitic- and
microsparitic dolomite and replace the matrix in dolomitic breccias where they form
coatings on the breccia clasts. Single aggregates of iron sulphides reach up to 200 pum.
Sphalerite is associated with Fe sulphides and forms the same structures. Single sphalerite
aggregates reach 400 um though, in open spaces, they may be 2 mm in size.
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4.1.2. Middle Muschelkalk

In the study area, ore mineralization is common in the Diplopora dolomite, e.g. in
KM-81, KW-3 and LW-9. Two stages of Fe sulphide formation have been recognized
(Table 1). Pyrite is the major sulphide of Stage I. It occurs as dispersed grains and, locally,
as massive accumulations. Pyrite and marcasite are also major constituents of Stage II
(Table 1). They are developed as botryoidal forms and idiomorphic grains and are also very
common in the oolitic dolomite. The Fe sulphides replace the inner- and outer parts of
oolites and fill free spaces among them. The oolites are easily seen under a microscope
because of the high reflectivity contrast between dolomite and sulphides. In the carbonate
rocks characterized by high porosity, euhedral crystals of pyrite are very common.
Sphalerite belonging to both stages occurs in porous, calcareous dolomite. Stage I
sphalerite forms fine, disseminated grains whereas that of Stage II is coarsely-crystalline
(Table 1). Galena occurs in the same way as sphalerite, e.g. in LW-9. Both sulphides can be
identified in hand specimen.

TABLE 1
Mineral succession in the Lower and Middle Triassic beds
Diagenetic Hydrothermal
Stage 1 Stage 11
Pyrite + fine disseminated, framboids + botryoidal & coarse
Thiosulphate +  botryoidal
Marcasite + botryoidal & coarse
Sphalerite + finely disseminated + coarse crystalline
Tetrahedrite +
Chalcopyrite +
Bornite +
Galena +
Chalcocite +
Covellite +
Apatite +
Barite +
Dolomite + metasomatic + idiomorphic
Calcite ++

4.1.3. Lower Muschelkalk

These strata seem to be the most important horizon hosting Zn-Pb mineralization. In
comparison to other parts of the Muschelkalk, the concentration of ore minerals is higher,
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as is seen in KM-81, KW-3, LW-9, KW-16 and KW-9. The ore-mineral association occurs
in calcareous dolomite which is usually brecciated. Iron sulphides (pyrite and marcasite),
present in all samples studied, form aggregates up to several millimetres and thin veins.
Pyrite also occurs in framboid structures. Iron sulphides characterise both stages. Fine
grains of galena and sphalerite occur together with pyrite and marcasite (Table 1). Both Pb-
and Zn sulphides also form coarse crystalline grains (< 1 mm) in dolomites characterized
by visible porosity. Locally, inclusions of sphalerite occur in galena crystals. In the veins,
Stage II sulphides are accompanied by younger calcite.

4.2. Bunter

A rich Zn-Pb mineralization in the Lower Triassic strata has already been reported
from the SE and E parts of the Silesian-Krakow ore district, e.g. in the Bolestaw area (Nie¢,
Bak 1993).

4.2.1. Roethian

In the NE part of the area, relatively rich (several vol.%) sulphide mineralization has
been found, e.g. in KW-16. In comparison to the Muschelkalk, the carbonate rocks of
Roethian age contain lesser amounts of Fe sulphides. These sulphides concentrate in
carbonate rocks in brecciated fragments (Stage I) and in cement (Stage II). They occur
mostly in pore spaces, commonly as euhedral crystals (< 3 mm) and as dispersed
microscopic grains. Pyrite framboids are rare. Both sphalerite and galena occur in
conglomerates, carbonate rocks and breccias. In hand specimen, these minerals line the
surfaces of numerous pores and fissures in dolomite. They also occur as veinlets and
dispersed grains, and together with calcite, cement conglomerates and dolomite breccias. In
some places, Stage II galena and sphalerite replace earlier carbonate minerals.

4.2.2. Lower Bunter

Sandstones and conglomerates of the Lower Bunter are characterized not only by
their red colour reflecting fine-grained, dispersed hematite, but also by polymetallic
mineralization. Apart from the typical Zn-Pb-Fe association, copper sulphides have been
detected here for the first time in this stratigraphic unit. The copper sulphide association
consists of chalcopyrite, bornite, tetrahedrite, chalcocite and covellite (Fig. 4-11).

In KW-3, ore minerals were only detected in two samples collected from depths of
346.3 m (sample 38) and 348.7 m (sample 39). The former is a conglomerate characterized
by the presence of the newly-discovered sulphide association in addition to pyrite,
sphalerite and galena (Fig. 4-11). The latter is sandstone with traces of chalcopyrite,
sphalerite and covellite.

41



Fig. 4. Sphalerite (light-grey), galena (white), Fig. 5. An intergrowth of galena (white) and

pyrite (yellow) and barite (ba) in sandstone tetrahedrite (grey) in conglomerate. Drill hole
matrix. Drill hole KW-3, sample 38, reflected KW-3, sample 38, reflected light
light

Fig. 6. An intergrowth of galena (white), Fig. 7. An intergrowth of galena (white) and
chalcopyrite (yellow), covellite (blue) and chalcopyrite (yellow) in conglomerate. Drill hole
tetrahedrite (grey) in conglomerate. Drill hole KW-3, sample 38, reflected light

KW-3, sample 38, reflected light
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Fig. 8. Intergrowths of galena (white-grey), Fig. 9. A pseudomorph of Fe sulphides (white)
chalcopyrite (yellow), covellite (blue), bornite after thiosulphates in sandstone. Drill hole KM-
(brown), pyrite (white) and tetrahedrite (grey) in 78, sample 10, reflected light
conglomerate. Drill hole KW-3, sample 38,
reflected light

Fig. 10. Marcasite (white) replacing thiosulphate Fig. 11. Sphalerite (light-grey), pyrite (white),
(cream). Dark grey is Fe sulphate. Drill hole chalcopyrite (yellow), apatite crystal (ap) and
KM-78, sample 10, reflected light dolomite (d) in a barite (ba) matrix of sandstone.
Drill hole KW-3, sample 38, reflected light
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Pyrite and sphalerite define two genetic stages. In Stage I, they occur as small
dispersed grains and, in Stage II, as veinlets, micronests and in conglomerate matrix
comprising a sandy fraction and sulphates (Fig. 4). Sphalerite seems to be the older
sulphide in Stage II as it is replaced by copper sulphides (Fig. 8). Such a sequence is also
confirmed by the presence of Zn in copper sulphides (Tables 2-5). Chalcopyrite is the most
common sulphide in this association. It occurs as intergrowths (< 150 pm in size) with
other ore minerals and as individual grains (< 30 pm). Galena is the youngest sulphide and
fills free spaces in micronests (Fig. 7, 8). The position of simple copper sulphides, i.e.
chalcocite and covellite, can be explained by simultaneous processes of replacement and
crystallization that strongly depend on Eh potential.

In KW-7, sulphides were encountered only in sandstone at a depth of 467.9 m. The
mineralization comprises mainly pyrite and chalcopyrite, the latter being sometimes
intergrown with pyrite and sphalerite. The total amount of sulphides is < 1 vol.%. A similar
association occurs in KM-78 drill core at a depth of 494.8 m (sample 10). Pyrite grains
were recognized in the sandstone framework and in the clay-carbonate and carbonate-
sulphate cement of this rock. In the same sample, thiosulphates characterized by botryoidal
structure and variable reflectivity were observed. The outer rim of the botryoidal
thiosulphates is usually recrystallized to pyrite and marcasite (Fig. 9, 10) and shows higher
reflectivity. Pyrite is the major sulphide in all the drill cores investigated and chalcopyrite is
a minor component. They are accompanied by marcasite, sphalerite and galena.

5. Chemical composition of the sulphides

Selected sulphides from KW-3 and KM-78 were analysed using both WDS and EDS
modes. The KW-3 samples represent the association containing copper sulphides, whereas
the thiosulphates were investigated in those from KM-78. The results are presented in
Tables 2-8.

The chemical composition of all the tetrahedrites analysed differs (Table 2)
from the stoichiometric = composition. It corresponds to the formula
Cusg.1198-10.1153AL0.0884F€0.0325-0.2886Z11 7433-2.46745D1 6718-2.9583 A8 1 2558-2.88475 13,0000 (silver — was
found in one analysis only). These tetrahedrites are characterized by lower copper contents
(Makovicky, Karup Moller 1994), usually < 40 wt%, and significant admixtures of zinc
(7.15-9.08 wt%) and arsenic (5.82-13.78 wt%. As shown in Table 2, all of the tetrahedrites
also contain small amounts of iron (0.11-1.03 wt%) and some small admixtures of silver.
The composition of these tetrahedrites resembles that of the tetrahedrites from the
Myszkoéw deposit (Piestrzynski, pers. comm. 2009).
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Composition (WDS and EDS) of tetrahedrites from drill hole KW-3, sample 38

TABLE 2

Sample S Fe Zn Cu Ag As Sb Total
26.09 059 889  39.16 6.22 19.45
A1 130000 0.1690 2.1736 98449 ™% 3260 25532 1004
ia 26.08 063 894 3936 . 6.58 1025
13.0000  0.1807 2.1853  9.9008 14040  2.5272
26.60 103 746  39.69 7.8 17.81
A4 130000 02886 21853 81198 ™Y 15236 22010 0
26.53 029 901 3892 7.45 17.34
AIES 30000 00806 2.0645 96230 MY 1se13 22373 0
oy 2623 031 876  39.11 . 7.50 1734 o
13.0000  0.0884 2.1281  9.7799 15899 22633
25.85 024 791 3965 7.60 16.85
Bl 13.0000 00689 19513 100633 ™% 1essa 2231 o010
25.57 011 798 3892 7.13 17.78
B2 30000 00325 19800 99853 MY 1ss:2 23803 0078
B3 26.09 013 831 3981 . 6.44 1928 o
13.0000  0.0364 2.0306 10.0100 13728 2.5298
25.55 012 804  39.16 5.84 2130
B4 130000 00338 20072 100520 ™Y 12714 2ss3s 1000
s 2638 026 799 3932 . 8.33 1720 oo
13.0000 00741 19305 9.7786 17576 2.2334
L 25.63 019 819 3952 . 6.89 1878 o
13.0000  0.0559 2.3580 10.1153 14963 2.5090
26.13 0.64 715 3872 7.56 18.32
BT 130000 01833 17433 9.7201 nd 6004 24011 368
B 26.55 Ly 855 367 . 7.19 2098 o
13.0000 2.0540  9.0779 15067 2.7053
26.83 908 3687 9.73 17.49
B2 50000 ™ 2ass0 vo1ss MY 20176 22321 10000
2657 035 858  37.74 1378 1298
B2 100000 00088 20592 93184 ™% agsar 16718 10000
sl 2637 013 862 3701 . 6.93 2004 o
13.0000  0.0364 2.0852  9.2079 14625  2.7196
25.56 858 3858 7.41 19.87
BV 30000 ™ 24674 99021 ndo 63 26611 10000
BV 25.79 Ly 834 T8 0.59 5.82 220 oo
13.0000 20618 94575 00884 12558  2.9588

Upper figure in wt%. Lower figure: atomic ratio calculated on the basis of 13 sulphur anions.
n.d. —not detected.
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TABLE 3

Composition (WDS and EDS) of bornites from drill hole KW-3, sample 38

Sample S Fe Zn Cu As Sb Ag Total
27.44 9.32 0.35 60.76 0.05
38B/1-2 n.d. n.d. 97.93
4.0000 0.7800  0.0252  4.4692 0.0024
27.71 11.76 0.16 60.28 0.02 0.12
38B/1-4 n.d. 100.05
4.0000 09748 0.0112  4.3908 0.0008  0.0052
27.25 11.01 0.10 59.42 0.01
38B/I-5 n.d. n.d. 97.79
4.0000 09276  0.0072  4.4016 0.0004
26.75 11.60 0.17 60.83 0.02 0.10
38B/I-6 n.d. 99.46
4.0000 0.9960 0.0124  4.5896 0.0008  0.0044
29.38 12.06 0.10 59.03 0.05 0.10
38B/1-7 0.00 100.71
4.0000 1.0224 0.0064 4.0552 0.0032 0.0040
28.25 10.89 1.02 57.56 0.02 0.15
38B/I-8 n.d. 97.89
4.0000 0.0.8852 0.0708 4.1124 0.0008 0.0064
29.81 10.91 0.15 58.93 0.05
38B/1-9 n.d. n.d. 99.76
4.0000 0.8408 0.0300 3.9900 0.0016
27.81 11.90 0.07 58.88 0.01
38B/I-10 n.d. n.d. 98.67
4.0000 0.9828 0.0052 4.2740 0.0004
28.03 10.40 n.d. 61.57
38B/I1-3 n.d. n.d. n.d. 100.00
4.0000  0.8520 4.4336
27.03 9.96 1.2 58.69 3.12 n.d.
38B/1I-3b n.d. 100.00

4.0000 0.8460 0.0872  4.3828  0.1972

28.55 10.14 0.7 58.53 2.08
38B/11-4 n.d. n.d. 100.00
4.0000 0.8160  0.0480  4.1384  0.1248

Upper figure in wt%. Lower figure — atomic ratio calculated on the basis of four anions.
n.d. — not detected.

Bornites from the Lower Bunter show admixtures of zinc (< 1.2 wt%) and of arsenic
ranging between 2.08-3.12 wt% (Table 3), which are not typical for this mineral
(Piestrzynski 1992). The bornites also show a small admixture of silver (0.01-0.15 wt%).
Their chemical composition corresponds to Cus g900-4.5896AE0.0004-0.0032F€0.7800-0.9960Z10.0052-
0.087254. The Zn content of the bornites compares with that of bornites from Myszkoéw
(Piestrzynski, pers. comm. 2009).

In all of the chalcopyrites analysed, the content of copper is variable and ranges from
34.34-35.60 wt% (Table 4). Their iron contents are relatively low compared to the
stoichiometric composition; part of Fe is replaced by Zn (Table 4). Copper and iron may
also be replaced by Ag in quantities ranging from below the detection limit to 0.61 wt%.
Some of the chalcopyrites also show small admixtures of Sb and As. The chemical
composition of this mineral is Cug 9s40-1.0406AA£0.0004-0.0108F€0.9048-0.9760Z10.0034-1.03985-
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Composition (WDS and EDS) of chalcopyrite from drill hole KW-3, sample 38

TABLE 4

Sample S Fe Zn Cu Sb As Ag Total

35.99 28.87 34.87 0.04 0.03

38B/I-11 n.d. 99.80
2.0000 0.9210 0.9778  0.0006  0.0008
34.15 28.50 0.12 34.51 0.28 0.52

38B/I-12 n.d. 98.09
2.0000 0.9582  0.0034 1.0198  0.0044  0.0130
3407 2865 0.41 35.13 0.10 0.67 0.02

38B/I-14 99.04
2.0000 09656  0.0118 1.0406  0.0016  0.0168  0.0004
35.96 29.62 0.30 34.34 0.06

38B/I-15 n.d. 0.00 100.28
2.0000 0.9458  0.0082  0.9638 0.0010
34.86 29.63 0.21 35.60 0.01 0.04 0.07

38B/I-16 100.42
2.0000 0.9760 0.0058 1.0308 0.0002 0.0010 0.0012
36.50 29.0 34.50

38B/1I-8 n.d. n.d. n.d. n.d. 100.00
2.0000 0.9124 0.9540
34.06 26.84 3.40 35.09 0.61

38B/IV-1 n.d. n.d. 100.00
2.0000 0.9048  1.0398  1.0398 0.0108
34.77 28.28 1,77 34.80 0.38

38B/V-9 n.d. n.d. 100.00
2.0000 0.9340 0.0500 1.0102 0.0064

Upper figure in wt%. Lower figure — atomic ratio calculated on the basis of two anions.
n.d. — not detected.

TABLE 5
Composition (EDS) of covellite from drill hole KW-3, sample 38

Sample S Fe Zn Cu As Total

38B/II-5 3091 n.d. 0.42 65.58 3.09 100.00
0.9340 0.0062 1.0000 0.0399

38B/11-9 30.97 n.d. 1.29 64.82 2.92 100.00
0.9469 0.0193 1.0000 0.0382

38B/II-14 31.74 0.46 n.d. 66.52 1.29 100.00
0.9456 0.0078 1.0000 0.0164

Upper figure in wt%. Lower figure — atomic ratio calculated on the basis of one Cu cation.
n.d. —not detected

The covellites analysed are of almost standard composition though their sulphur
contents are usually low compared with the chemical formula. Sulphur is probably replaced
by small amounts of arsenic. Small amounts of Zn and Fe were also detected (Table 5).
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Only one grain of sphalerite was suitable for EDS analysis. It shows a high content of
Cu (7.34 wt%) and also admixtures of Cd (0.75 wt%) and Fe (1.41 wt%). This grain is
opaque, not translucent, reflecting the presence of Cu (Piestrzynski 1992). Although the
copper content is unusually high, “chalcopyrite disease” is not evident in sphalerite; there
are no CuFeS, inclusions. This requires further study. Sphalerites with chalcopyrite
inclusions typically show lower copper contents.

In galena grains, small admixtures of Zn (0.27-1.23 wt%), Fe (0.17-1.30 wt%),
Cu (0.04-1.75 wt%) and Ag (0.34-0.79 wt%) have been found, and in some, very small
amounts of As and Sb (Table 6). Atomic correlation of these elements excludes
the possibility that these admixtures reflect submicroscopic inclusions of tetrahedrite.
The atomic proportions of the galena correspond to the composition

PbOAS 144-1 A0054ZHOA0455-0A0102F60A0074—0A0565Ag00101 -0A0149cu(1001 5-0A0667SZAOOOOASOAOOOS-OAO ISZSb0A0065-0A0077-

TABLE 6
Composition (WDS and EDS) of galena from drill hole KW-3, sample 38
Sample S Pb Ag As Zn Cu Sb Fe Total
13.22 81.98 0.04 0.34 1.75 0.35 1.30
38A/1-3 n.d. 98.98
1.0000 0.9597 0.0005 0.0136 0.0667 0.0070  0.0565
13.25 84.07 0.10 1.23 0.33 0.32
38A/1-10 n.d. 99.30
1.0000 0.9821 0.0031  0.0455 0.0065 0.0138
12.95 84.13 0.27 0.04 0.38 0.17
38A/III-1 n.d. n.d. 97.90
1.0000 1.0054 0.0102  0.0015 0.0077 0.0074
12.99 83.29 0.10 0.94 0.66 0.37 0.39
38A/II-3 n.d. 98.70
1.0000  0.9923 0.0032 0.0355 0.0257 0.0074 0.0173
1294  83.99 0.13 0.87 1.40 0.37 0.27
38A/II-4 n.d. 99.97
1.0000  1.0045 0.0042 0.0330 0.0545 0.0074 0.0119

15.73 83.25 0.54 0.48
38B/IV-3 n.d. n.d. n.d. n.d. 100.00
1.0000 0.8144 0.0101 0.0130

15.82 83.62 n.d. 0.56
38B/IV-4 n.d. n.d. n.d. n.d. 100.00
1.0000 0.8180 0.0152

15.76 83.64 0.34 0.26
38B/V-5 n.d. n.d. n.d. n.d. 100.00
1.0000 0.8216 0.0065 0.0071

15.71 83.50 0.79
38B/V-6 n.d. n.d. n.d. n.d. n.d. 100.00
1.0000 0.8224 0.0149

Upper figure in wt%. Lower figure - atomic ratio calculated on the basis of one anion.
n.d. — not detected.
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Microprobe compositions of iron sulphides analysed, i.e. Stage II pyrites,
approximate the chemical formula FeS,. Some grains of FeS, show lower Fe contents
(Table 7) with Zn (0.06-0.41 wt%), Cu (0.76-1.04 wt%) and Ag (0.03-0.06 wt%) replacing
iron. The pyrites have the composition Feg 9180-0.9666C0.0146-0.0196210.0010-0.00722€0.0006-0.000852-

TABLE 7
Composition (WDS) of pyrite from drill hole KW-3, sample 38
Sample S Fe Zn Cu Sb As Ag Total

56.19 44.93 0.41 1.04 0.04 0.02

38B/1-17 n.d. 102.63
2.0000 09180 0.0072  0.0188  0.0006  0.0006
52.92 44.55 0.06 0.76 0.03 0.06

38B/I-18 0.00 98.38
2.0000 0.9666  0.0010 0.0146  0.0004 0.0008
55.29 44.63 0.08 0.81 0.03

38B/I-19 n.d. 0.00 100.83
2.0000 09268  0.0014  0.0148 0.0006
52.72 45.39 0.32 1.02 0.05 0.01

38B/1-20 n.d. 99.51

2.0000 0.9886  0.0060 0.0196  0.0004  0.0002

Upper figure in wt%. Lower figure — atomic ratio calculated on the basis of two anions.
n.d. — not detected.

Botryoidal grains of Fe sulphides in sample 10 from KM-78 show variable chemical
composition (Table 8). These belong to Stage II. The internal parts of the grains are usually
occupied by fibrous intergrowths of recrystalized Fe sulphides, thiosulphates and sulphates.
The sulphates are a relatively dark member of these structures in reflected light. The grains
characterized by low reflectivity are mixtures of marcasite, pyrite and thiosulphates (Fig. 9,
10). EDS analysis of the thiosulphates shows their variable oxygen content (3.59-
16.26 wt%). As a rule, crystals with high reflectivity have low oxygen contents (Table 8)
and those with low reflectivity, the opposite. The crystals with high reflectivity are the Fe
sulphides, with marcasite being the dominant phase (Fig. 9, 10). Such phenomena were
described by Kucha and Viaene (1993) in samples from the Orzet Bialy mine, also in
Upper Silesia. In general, the chemical formula of these compounds corresponds to
(Fe.9191-1.2759CU0,0057-0.0328Z10,0056-0.0120N10.0050-0.0255) (S2.0000A80.0134-0.0579) O0.2768-1.6819- An
oxygen deficit in the thiosulphates is probably the result of their recrystalization in
areducing environment; FeS,0; changed to FeS,. The thiosulphates analysed are
anisotropic and bireflectant.

Microscopic and EDS analyses confirm the presence of coarsely-crystalline, needle-
shaped barite and idiomorphic apatite crystals (Fig. 11) in samples from KW-3. The barite
grains have high concentrations of Sr (4.92 wt%), Pb (0.23 wt%), Cu (1.05 wt%) and As
(3.68 wt%). The idiomorphic shape of the F-bearing apatite (1.95 wt% F) is rather unusual
in sediments. The metals in the barite, the habit of the apatite, and the crystallization of
both in open spaces, point to a hydrothermal origin for these minerals.
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Composition (EDS) of thiosulphates from drill hole KM-78, sample 10

TABLE 8

Sample (¢ S Fe Cu Zn Ni As K Ca Total
359 5199 4310 087 045

10A-1 ) 2768 2.0000 0.9520 0.0169 000gs "¢~ nd ndond 10000

loap 64 51504420 029 036 g g nd 100,00
0.2833 2.0000 09855 0.0057 0.0068
367 5172 4140 130 065 126

10A-3 2844 2.0000 09191 0.0254 00123 00267 "4 md ndo 100.00
781 473 4030 105 040 079 079 148

10A-4 ) 6605 2.0000 0.9765 0.0223 0.0083 00183 00142 00513 ™4 100:00

oas T2 4777 4026 143 063 089 062 L2
0.6100 2.0000 09678 0.0302 0.0129 0.0204 0.0168 0.0384
818 4750 3969 1.00 060 090 079 133

10A6 ) 6003 2.0000 0.9595 0.0212 0.0124 00207 00142 0.0450 4 100:00
1392 376 4106 099 032 079 255 2.69

10A-7 1 4807 2.0000 12513 0.0266 0.0083 0.0230 00579 01171 ™4 10000

loag 1515 3686 4096 095 026 056 204 323 o
16474 2.0000 12759 00261 0.0070 0.0165 0.0473 0.1437
1548 3689 3998 1.02 044 075 247 296

10A9 ) 6819 2.0000 12445 0.0280 00116 00223 00574 01316 4 10000
368 5219 4189 061 05 024 082  nd.

10A-10 nd. 100.00
02826 2.0000 09217 0.0118 0.0107 0.0050 0.0134

loaqy 1239 4300 3817 L1L 043 065 267 10
11525 2.0000 1.0172 00260 0.0098 0.0165 0.0530 0.0567

oap, 1626 4020 3713 131 023 094 201 047 138 o
16177 2.0000 1.0583 0.0328 0.0056 0.0255 0.0427 0.0191 0.0548

Upper figure in wt%. Lower figure — atomic ratio calculated on the basis of two sulphur anions.

6. Summary and conclusions

n.d. — not detected.

Discussion on the genesis of the Zn-Pb deposit has a long history (Gruszczyk 1956,
1978; Galkiewicz 1966, 1978; Bogacz et al. 1975; Ekiert 1957; Przeniosto 1971; Smolarska
1974; Sass-Gustkiewicz 1996). The source of the ore fluids and their relation to tectonic
events were discussed by Gorecka (1972) who related different associations of ore minerals
to Caledonian, Variscan and Alpine orogenic events. The ore mineralization discussed in
the present paper crosscuts stratigraphic and lithological boundaries. In the horizon
characterized previously by the presence of Zn-Pb-Fe sulphides only, a new association of
Cu sulphides and sulphosalts accompanied by barite has been described. The discovery of
copper mineralization in the western part of the Upper Silesian ore district should prompt
further exploration.
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This study has shown that the Lower Bunter strata contain traces of ore mineralization
beneath and different from the typical Zn-Pb ores in the Lower Muschelkalk. The copper
sulphide and sulphosalt mineralization represented by chalcopyrite, bornite, chalcocite,
tetrahedrite and covellite (Fig. 5-8), and coexisting with subordinate amounts of Zn-Pb
sulphides, suggests a similar timing of mineralisation for all (Table 1).

The fine-grained sphalerite and pyrite occurring as disseminated grains are ascribed to
the diagenetic stage (Stage I). The nest-type polymetallic association is typical of
a hydrothermal origin (Stage II). However, the metal source of both assemblages was
probably the same. Many trace metals are present in all of the ore minerals. The sulphides
precipitated from the same fluid, but in different times and in different environments
(reflecting pH and Eh potential). Common minor barite is usually positioned after the
formation of the sulphide association, and before calcite, in the mineral succession of the
Zn-Pb deposits of Upper Silesia (Sass-Gustkiewicz et al. 2000). In contrast, the presence of
coarse-crystalline barite suggests a different position for this mineral, i.e. prior to the
crystallisation of the sulphides (Table 1). The arsenic in the autigenic barite confirms the
position of barite in the mineral succession proposed here (Table 1).

High levels of Zn in Cu sulphides and of copper in Zn-Pb sulphides may suggest
a common source for the metal-transporting fluids. High levels of Zn, and minor Fe and As
in the tetrahedrites and Zn in the bornites, confirm previous conclusions recognising
Palaeozoic strata as the likely metal source (Gorecka 1972; Koztowski, Gorecka 1993).
Tetrahedrite and Cu sulphides in the Zn-Pb stratabound horizon (MVT deposit) are a new
mineral association that can be related to a metal source located within the underlying
Palaeozoic strata.
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