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Silesian-Cracovian Zn¥Pb ore deposits are hosted
in Mesozoic cover and are located near main dis-
locations in the area between Upper Silesian Coal
Basin and buried Caledonian mountains. A screen of
Keuper clayely beds controls mixing of surficial waters
with intermittently introduced hydrotherms. Sulfur
isotopes relation in ores depend on mixing relations.

Introduction

The Silesian-Cracovian Zn-Pb ore deposits
rank among the largest in the world, and they
are the largest stratabound ores of the Mississi-
pi Valley-type. Total reserves were estimated
on 4 X 107 tons of zinc and 107 tons of lead
metal. Half of these reserves have alerady been
exploited (Gatkiewicz, 1967). The proved
economic Zn-Pb ores are mainly confined
to one hundred meters thick Middle Tri-
assic Muschelkalk Formation and especially to
ore-bearing dolomite. Ores occur also in Give-
tian and Dinantian carbonate beds. The dis-
covery of Paleozoic magmatism and mineral-
ization including skarns in Ordovician marbles
and porphyry copper mineralization (H a-
raficzyk, 1980) has induced investigations
of the Paleozoic basement, moreover the dis-
covery of the Cracovian branch of Caledoni-
des (Krakovides) and of Paleozoic mineraliza-
tion has completely changed the metallogenic
position of the Zn-Pb mineralization (H ar a n-
czyk, 1979).

The present paper deals with new data on
tectonic control of mineralization and on mul-
tipulsation influx of hydrothermal solutions
bearing metals which mixed with surficial
waters rich in sulfur. The rate of mixing of
the two types of solutions was controlled by
the screen of Keuper clayely beds overlying
Triassic carbonate strata, and greately influ-
enced isotopic composition of the ore minerals.

Kljuéne rijeéi: Zn-Pb rudna lezista, Strukturna kon-
trola, Rudno zoniranje, Pulzacije hidrotermalnih ak-
tivnosti, MijeSanje hidrotermi i povrsinskih voda,
Sumporni izotopi

SleskoKrakovska cink-olovna rudna leZita smjes-
tena su u mezojoskom pokrovu i nalaze se blizu
glavnih dislokacija, u podru¢ju izmedu gornjosleskog
ugljenog bazena i pokrivenog Kaledonskog gorja.

] glinovitih slojeva keupera kontrolira mijesa-
nje povrSinskih voda s intermitentnim ascedentnim
hidrotermalnim otopinama, Sastav i odnos izotopa
sumpora u rudama ovisi o stupnju i odnosu mije-
Sanja otopina.

Structural Zoning

The Cracovian-Silesian ore deposits are lo-
cated near the northeastern boundary of the
Upper Silesian basin and near the main suture
dislocation bordering the uplifted blocks of
Caledonides (Fig. 1). The buried Caledonic
mountains lie between the Upper Silesian basin
which has basement of pre-Cambrian consol-
idation and cca 7.000 meters of Carboniferous
sediments, and the Malopolska massif also of
pre-Cambrian consolidation (Haranczyk,
1979). Four zones of the Zn-Pb ore deposits
areas, underlain by a different Palezoic base-
ment, may be distinguished here:

1. Marginal zone of the Upper Silesian basin,
including post-Triassic troughs, Bytom and
Trzebionka troughs bordered by WNW dis-
locations.

2. Zone between geophysical boundaries of the
Upper Silesian basin and Zawiercie-Rzeszo-
tary suture dislocation bordering the uplift-
ed blocks of the Caledonien mountains. Bo-
lestaw Mine, Pomorzany Mine and Olkusz
Mine are located here.

3. Zone of the Zawiercie-Rzeszotary dislocation,
including adjacent area of the depressed
blocks of the Krakovides where the epi-Cale-
donian carbonate cover is preserved. Several
new middle size ore deposits have been
explored here.
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Fig. 1 The Mesozoic and Tertiary Zn-Pb ore mineralization superposed on the basement structures shown on
geological map without formations younger than Permian.

1. Strata older than Devonian. 2. Strata younger than Devonian. 3. Permian conglomerates, 4, Permian
pyroclasts. 5. Caledonian gabbro and granodiorite intrusions, 6, Variscan volcanites: M — melaphyres.

D — rhyodacites. R - K — rhyolites. A — andesites. T — trachite. L — lamprophyre, 7. Suture
dislocation Zawiercie—Rzeszotary. 8. Axis of Caledonian fold-scale structures. 9. Thrust Ffaults. 10.
Front of Carpathian nappes. 11. Different polichronic dislocations, simplified, 12. Zn-Pb ore deposits
in Mesozoic and Paleozoic rocks. 13. Country border. VO — Variscan Orogen. CC — Caledonian con-
solidation. TTL — Tornquist-Teisseyre Line. FSP — Fenno-Sarmatian Plate.

4. Internal zone of the Caledonian mountains
(Krakovides). In this zone, numerous gab-
bro, granodiorite and vein porphyry intrus-
ions bearing Paleozoic mineralization were
discovered.

In the second and third zones, the Mesozoic
strata 100 m. or less thick, are underlain by
2—3 hundred meters thick bed of the Lower
Permian conglomerates and 2—3 thousand
meters thick Givetian to Namurian carbonate
sequences. Beneath, the Emsian sandstone
and Caledonian molassa up to one thousand
meters thick rest unconformably upon folded
and metamorphosed Cambrian to Silurian
mainly turbiditic sediments contributing to the
Caledonian orogen. In the fourth zone, the
Mesozoic beds lie on relicts of epi-Caledonian
cover or directly upon Cambrian to Silurian
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folded and metamorphosed rocks of Krakovi-
des. A paleoinsular zone was formed in the
Muschelkalk sea. The Paleozoic carbonate
rocks of the uplifted blocks have stood high
in relief and were subjected to an intensive
karstification. Zn-Pb ore bodies continue later-
ally from Triassic to Devonian beds crosscut-
ting cliff contacts. The caves of the Paleozoic
karst system were visited by hydrothermal so-
lutions causing dolomitization of speleothem
and lining with Zn-Pb ores the collapse breccia
fragments. The vertical fissure system seems
to serve as feeding channels for mineralizing
solutions. The economic ores were followed
by drillings down to 1500 meters. The different
mineral parageneses formed by subsequant
pulsations of the mineralizing solutions were
identified in the root veins (Haranczyk,
1979, 1983).
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Ore zoning

Ore zoning must be discussed separately in
the four distinguished zones substantiated by
three different basement blocks (Fig. 1). In
the first zone, the ore mineralization was
greatly influenced by very good hanging wall
screening and bottom lining with clayely layer
of vitrioletten (Wernicke, 1931) in Bytom
trough, therefore the stratabound features of
the Zn-Pb ores confined to the Muschelkalk
sequence is best developed. The characterist-
ically banded zinkblende crustifications are
most commonly occurring ore-types here. More
metasomatic features are seen at the bottom
of ore bodies distributed especially on axis of
the trough i. e. in Cecylia Mine. On the contrary,
the collapse breccia ore-type is abundant at
top of the mineralization zones. The brunckite
ores occurred in the northern fault zone rim-
ming Byton trough. Thin root ore veins assoc-
iated with faults are encountered in the stopes
of the coal mines, and are regarded as feeding
channels of the ore bodies in Mesozoic beds
(Kosmann, 1884).

Fig. 2 Colloform Zn-ores with skeletal gallena distri-
buted in white brunckite. Bolestaw Mine, 71
Shaft, Reflected light, natural size.

In Trzebionka Mine, the widely extended
horizontally zebra zinc ores grade into up to
30 meters thick hydrothermal karst caves, filled
with ore crustifications (Fig. 3), extended along
NE dislocations. Only intensive marcasite mi-
neralization was noticed in fault zone in the
Siersza Coal Mine located nearby.

In the second zone, the horizontal system of
hydrothermal karst caves filled with ore crust-
ifications of dolomitic collapse breccia are the
dominant ore-type in the Triassic level, however
an uniform hydrotermal karst system is in-
cluding also a vertical and less horizontally
extended hydrothermal karst system of caves
developed a few hundred meters deeper in

Fig. 3 Schalenblende-Zn crustifications built of spha-
lerite paramomphoses after wurtzite with
shadow layer of galena. Isotope temperature
ca 300°C. Trzebionka Mine, Ore-bearing dolo-
mite level, Reflected light, 1/2 natural size.

Dinantian limestones. This uniform system of
caves substandiated two floor patern of mi-
gration of the mineralizing solutions. During
the interpulsation break of hydrothermal activ-
ity the oxidizing surficial solutions percolated
down along the fault fissures to the Paleozoic
basement, inducing oxidation of ore minerals
of the early generations (Haranczyk,
1988b). In the best isolated by the Keuper
screen of clayely beds, the eastern part of the
Pomorzany Mine and eastern part of the Olkusz
Mine, a real banded zinc crustifications built
of wurtzite and sphalerite have been formed.
In the lower level of the uniform hydrothermal
karst system of caves in the Dinantian lime-
stones, the caves are surrounded by a few
meters wide orebearing dolomite zone. Breccia
fragments of the dolomitized Dinantian lime-
stones covered by crustifications of white milky
dolomite-bearing sphalerite and more rarely
galena bands or separate grains. In the Triassic
level near open fault fissures, nests filled with
white pulverulent brunckite have been deposi-
ted in the caves earlier partly filled with crust-
ification ores showing oxidation symptoms in
places (Haranczyk, 1988b).

In the third zone directly adjacent to the
suture dislocation Klucze-Rzeszotary (Fig. 1)
which is regarded as one of the main ascending
ways for mineralizing solutions, ore bodies
display distinct vertical zoning. For the first
time such a vertical ore zoning was described
in Kl)ucze-Rudnica ore deposit (Haranczyk,
1963).
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The described ore zoning and grading from
coarse crystalline sulfides in the Paleozoic
rocks to colloform varieties in Mesozoic rocks
may also be regarded as a good evidence of
mixing of ascending mineral solutions with
surficial waters.

In the Mesozoic carbonate rocks of the fourth
zone only traces of sulfides are encountered
sporadically near fault zones, moreover, dolom-
itization of Jurassic rocks was noticed near
some faults. Root veins built of vein milky
dolomite with sphalerite, and also Zn-Pb ore
crustifications with barite were perforated by
deep drillings and they associate with Paleo-
zoic Cu-Mo mineralization in the same dia-
chronic strike-slip fault systems cutting Lower
Paleozoic turbidite metamorphosed rocks.

Pulsation of ascending solutions

Several pulsations of ascending mineralizing
solutions were induced by tectonic events of
distinct tectonic phases which caused a rebuilt
of geological structures in the described areas,
for example Laramide inversion of block tect-
onics.

The first pulsation introduced mineralizing
solutions which formed rich metasomatic Zn-Pb
ores associated with dolomitization of Triassic
and Dinantian limestones., The mineralizing
solutions of this pulsation were emplaced at
Jurassic time as the screen of Keuper clayely
beds has already protected Triassic carbonate
strata so that existance of hydrothermal anoxic
environment could be possible.

The second pulsation introduced mineraliz-
ing solutions paternal for development of the
hydrothermal karst caves* filled with crustified
«dolomite breccias completely isolated from inte-
grated surficial waters (Bogacz et al. 1970,
Sass-Gustkiewicz, 1988). These solut-
ions ascended after events of post-Jurassic
compresive tectonics. A good evidence is furn-
ished by a superposition of two Triassic se-
quences overthrusted in the zone of the high
angle thrust fault. Both the sequences have
one uniform ore mineralization in fractures,
showing vertical zoning with Zn-maximum in
lower sequence. This thrust fault surface and
complete two Triassic sequences have been
perforated by BK-16 drill hole located in the
border zone of the compression graben in
Klucze north of Olkusz (Haranczyk et al,
1971). However it must be added that Tertiary
rivers eroded Triassic beds, and fragments of
galena clasts were found on river valley slopes
(Panek & Suwarzynski, 1976).

The next, already Tertiary pulsation of mi-
neralizing solutions has formed Zn-Pb ores

* Actual formation of hydrothermal karst caves

the present author investigated in 1961 in travertine
surficial cover in Penen area, North Sumatra.
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asociated with barite. The largest Zn-Pb-barite
ore deposit with reserves sufficiant for large
mine has been proved by drillings in Zawiercie
(Fig. 1).

The last pulsation of mineralizing solutions
introduced marcasite which in root veins in
the Paleozoic basement is associated with blue
gypsum. In the Mesozoic rocks this marcasite
builds crustifications or massive ores in caves
filled with collapse breccia cemented with older
Zn-Pb ocrustification ores, which were sub-
sequently cemented with Tertiary brown coal,
and once more faulted before the marcasite
mineralization was emplaced (Haranczyk,
1988). In the area partly depleted of Keuper
Screen near the 71 Shaft of the Bolestaw Mine,
a vertical ore body filled with colloform ores
(Fig. 2) cut whole Triassic carbonate sequence
of 80 meters thickness.

Sulfur isotopes
and two solutions model of genesis

The ore deposits hosted in carbonate plat-
form cover above a discordance, are always
subjected to infiltration of downward percolat-
ing meteoric waters, if they are not protected
by a screen of the impermeable clayely rocks.
The Keuper clayely rodks forming a few ten
meters thick bed represent such a screen in
the Silesian-Cravovian ore deposits, however
due to post-Jurassic tectonic events and espec-
ially Laramide tectonic phase this screen was
partly destroyed in much of the discussed area.
It was best preserved in the first zone while
in the second zone it has usually been torn and
displaced by tectonic dislocations. Consequent-
ly some caves of hydrothermal origin in Triassic
beds later were opened for surficial waters and
the ore bodies have partly been oxidized. This
grade of isolation of the hydrothermal karst
caves for downward percolating meteoric water
during the operation of the ore deposits genetic
processes, beside the composition of the ascen-
ding mineralization solutions, is responsible
for the observed variation of structures and
textures of the ore, trace elements content and
sulfur isotope composition of the ore minerals.
The ore minerals of the Silesian-Cracovian Zn-
-Pb ore deposits may be divided into a group
enriched in heavy sulfur and another group
enriched in light sulfur. The Zn ore crustif-
ications built of heavy sulfur, heaviest in last
bands up to ¢S = +67,1% )Gehlen &
Nielsen, 1967, Haranczyk, 1978), are
typical for ores from Bytom trough where the
Keuper screen well isolated caves hosting ores.
The cascade effect has produced needed enrich-
ment in heavy sulfur isotopes in the well isola-
ted caves. On the contrary, in the second zone
the ores contain mainly light sulfur, the lightest
ca 338 = —30 %o in brunckite. This contrasting



Cz. Hardnczyk: Two Model of Genesis

tendency seems to elucidate many regularities
of distribution of the ore varieties. Mixing of
the integrated stream of the surface water with
ascending hydrothermal fluids produces pulver-
ulent sulfides extremely enriched in light
sulfur isotopes. Admitedly it must be added
that metasomatic ores formed in the isolated
system have troilitic sulfur representing iso-
topic composition of sulfur of the ascending
solutions (Haranczyk, 1973).

In addition it must be emphasized that the
put forward two solutions model of genesis of
the Zn-Pb ores of the Silesian-Cracovian ore
deposits accepts that in all cases methane in-
troduced from the basement is responsible for
reduction of sulfates.

Received: 28. XII. 1988.
Accepted: 6. I1. 1989.

Conclusions

1. Four structural zones with different geo-
logical setting were distinguished in the Silesi-
an-Cracovian Zn-Pb ore deposits,

2. The pulsation influx of hydrothermal flu-
ids, generated by deep magmatic or tectonic
events, ascended intermittently along fissures
of the main dislocations, a-n! filled the two
floor karst system of the interconnected caves
formed and mineralized by hydrothermal so-
lutions, only in the paleoinsular zone, the ca-
ves were of usual karst origin.

3. Sulfur isotopes in the ores indicate rate
of isolation of the caves during ore genesis and
strongly suggest two solutions hypothesis of
ore genesis.
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Model geneze Slesko-krakovskih cink-olovnih
rudnih lezi§ta mijeSanjem dviju otopina visestrukom pulzacijom

Cz. Haranczyk

Autor u svom radu opisuje Cetiri strukturne zone
s razli¢itim tektonskim sklopovima koje je identifici-
rao u Sleskokrakovskim cink-olovnim rudnim leZis-
tima.

Pulzacioni dotok hidrotermalnih otopina koji je na-
stajao pri dubokim magmatskim i tektonskim aktiv-
nostima ascendirao je disprekidano vremenski duz
prslina glavnih dislokacija i punio dva nivoa karstnih
sisterna medusobno povezamh $pilja mineraliziranim
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hidrotermalnim otopinama i to samo u paleocinzular-
noj zoni, Spilje su nastale uobic¢ajenom karstifikaci-
jom.

Izotopi sumpora u rudama svojim odnosima uka-
zuju na stupanj izoliranosti $pilja za vrijeme geneze
ruda i jasno upucuju na hipotezu o porijeklu ruda na
bazi mijesanja dviju otopina, descedentnih povrsin-
skih (meteorskih) i ascedentnih hidrotermalnih.



