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Ewa GORECKA

Geological setting of the Silesian-Cracow Zn-Pb deposits

In the present paper, the position of the Silesian-Cracow Zn-Pb deposits, on the background of the
geological structure of their host arca, is discussed and shown on maps and cross-sections. The connection
of the ore mineralization wilh disjunctive tectonics is evidenced. The Zn-Pb deposits distribution follows
Variscan (and older) as well as Alpinc tectonic patterns of that area.

INTRODUCTION

The Zn-Pb deposits ol the Silesian-Cracow area are studied since almost 200 years
but still consensus has not been achieved concerning the essential genetic problems,
i. e. the source of the ore substance and the mechanism of the ore-forming fluids
migration. This paper presents the above problems. An attempt lo establish the
regularities of the Silesian-Cracow deposits loealion on the background of the geo-
logical structure of the hosting area, is the aim of this paper. Hitherto, despite of
intensive drilling and prospecling activity, especially in seventics and eighties, the
recognition of the relation of the ore mineralization to the geclogical background is
insufficient. Elaborations presenting the problem as a whole, taking into account the
results of the new drillings, arc also absent.

The present publication is based on the published and unpublished reports,
including geological-ore-deposits exploration results and drilling logs performed by
Panstwowy Instutut Geologiczny (Polish Geological Institute) and Przedsigbiorstwo
Geologiczne w Krakowic (Geological Enterprise in Cracow). The extensive archives
records, exceeding significantly the (rames of this paper, were not listed in the
references. Presenling the deposit contours on the geological maps, the rccently used
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Fig. 1. Distribulion of the Silesian-Cracow Zn-Pb deposits in relation to the Bohemian Massif (tectonic
sketch map afier J. Chaloupsky. 1989)

Lined areas — Variscan massifs; § — Upper Silesian Massif; Zn-Pb deposils (inarked by the presentauiher):
| — Olkusz region, 2 — Zawicrcic region, 3 — Chrzandw region, 4 — Bytom region

Polozenie slasko-krakowskich zI6z Zn-Pb w odniesieniu do Masywu Czeskiego (szkic 1ekioniczny wedlug J.
Chaloupsky ego, 158%)

Obszary zakreskowane — masywy waryseyjskie; § — masyw gdmoslgski; zloza Zn-Pb (zaznaczone przez
autorke): ¥ — rejon olkuski, 2 — rejon zawiercianski, 3 — rejon chrzanowski, 4 — rejon bytomski

criteria for the commercial ore (cut-off) 1.7% for Zn and 2% for Pb were used.
Moreover, the term ,Zn-Pb deposit™ was used for sulfide (ZnS, PbS and FeSz in
variable proportions) ores ascumulations in Mesozoic and Paleozoic carbonate rocks.

GEOLOGICAL BACKGROUND

CALEDONIAN AND VARISCAN TECTONIC EPOCHS

The Silesian-Cracow Zn-Pb deposits occur in the border zone of Bohemian Massif
{Fig. 1}. In general, thc geclogical structure of this ore district consists of two
tectonic-sedimentary complexes. The Mcsozoie sediments of the Alpine complex
cover ncatly horizontally the folded Paleozoic rocks that were eroded to various depth,
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yielding a surface with marked relief (the Krakéw — Myszkow Zone and the Upper
Silesian Coal Basin), see Figs. 2-5. When considering the deeper structure, the
Krakéw — Myszkow Zone is located between (he two structural unils: the Upper
Silesian Massif in the wesl and the Matopolska Massif in (he cast. The {irst massif
represents a microcontinent of Precambrian consolidation, the seeend one is an
ineorporated unit of Early Caledonian consolidation (A. Kotas, 1982; W. Brochwicz-
Lewifski et al,, 1983; S. Bukowy, 1984). The pre-Mesozoic geological developments
of the Upper Silesian Basin and the Krakéw — Myszkéw Zone quite differ during
Early Paleozoic and Upper Carboniferous; however, during Devonfan and Lower
Carboniferous there was no distinet difference between these 1wo regions. The essen-
tial formation of these regions was connecied with the Varsean tectonic epoch, but
the structure of the deep basement, which is poorly known, was determined mainly by
the development of the older consolidated structural units,

The Upper Silesian Coal Basin is developed in the forefield of the Moravian-Sile-
sian folded zonhe of Variscides as the foredeep filled by molasse sediments bearing coal
beds (R. Unrug, Z. Dembowski, 1971; A. Kotas, 1982; A. Kotas, J. Porzyeki, 1984).
Thickness of these sediments of Namurian and Westphalian age is varfable. In the
western parl of the basin jt achieves about 8500 m, and deereases towards SE to about
1600 m, resulting from the reduetion of several sedimentation units. Preeambrian
metamorphic and magmatic {granitoids and gabbro) roeks of the Upper Silesian
Massit, eovered by clastic sediments of Cambrian and next by elastic and carbonate
Devonian and Lower Carboniferous beds (op. ¢it.), are the bascment of Lhe coal-bear-
ing series.

Tectonic character of the ea. 20-25 km broad Krakdw — Myszkdéw Zone was not
unequivocally explained yet. This zone has been interpreted as a branch of a Caledo-
nian geosyncline, finally folded before Upper Silurian, which was included during
Upper Pateozoic in platform structures (F. Ekiert, 1971; J. Znosko, 1974, 1984; C.
Haranezyk, 1982). According to I. Znosko (op. cit.), the eover complexes of Devonian
and Carboniferous, submitted to block-folded deformations together with their rigid
basement, yielded a system of block mountains. 5. Bukowy (1984) in an extensive
elaboration describes geosynelinal and orogenic features of the discussed zone, both
in Caledonian and Variscan epochs. According to that author, Paleozoic complex was
folded during the Variscan orogeny to form asymmetric anticlines, small thrust sheets
and synelines of the NE vergenee and general NW-SE strike. The anticlines are formed
of Lower Paleozoic and Devonian beds, synelines of the Lower Carboniferous beds.

Other investigators accept non-geosynclinal origin of the Krakéw — Myszkdw
Zone, considering it as an aulacogen being a branch of a rift system formed during
Cambrian (W. Pozaryski, Z. Kotafiski, 1979), a Caledonian lineament having tectonie
folded-intrusive features (K, Bogacz, 1980) or as possible zone developed on a regional
deep-seated discontinuity of Prccambrian origin and active to various degree during
several teetonic eyeles (A. Kotas, 1982). Such a zone couid belong to the structures of
the Moravian-Silesian basement (op. cit.).

The Caledonian structural stage consists of Cambrian, Ordovician and Silurian
rocks. A share of the uppermost Precambrian incorporated in the siructure of the
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Caledonian stage suggested by certain scientists (c.g. C. Harancryk, 1982), has been
ambiguous {S. Bukowy, 1984).

Most of Early Paleozoic scdiments have been altered under conditions ranging
from advanced diagenesis to initial stages of regional metamorphism (W. Heflik et al.,
1977, W. Ryka, 1978). Locally (e.g. in the vicinity of Myszkdw), the alterations took
place in shallow and middle stages of the greenschist facies (op. cit). In general, Early
Paleozoic scdiments are represented by phyllitized metapelites, metaaleurites and
metagreywackes (carbonale sediments have been found in Ordovician), bearing sings
of intensive tectonic activily, boudinage, mylonitizalion, cleavage, cataclasis, brecci-
ation and {issures of numerous generations (as described e.g. by §. Bukowy, 1984).

The Early Paleozoic deposits are discordantly overlaid by the Epicaledonian
platforin cover built of Devonian (mainly carbonate) and Lower Catboniferous sedi-
ments. Paleogeographic schemes of the mobile Devenian and Lower Carboniferous
platforms are different (M. Narkiewicz, 1987; Z. Belka, 1985).

In the Krakéw — Myszkow Zone, block-folded Variscan tectenics rebwilt and
oblitcrated to a considerable degree the older structures of imperfectly consolidated
Caledonian orogen {e. g. F. Ekicrt, 1971; I. Znosko, 1974, 1984). In the deep-seated
disconlinuily zone bordering the Upper Silesian Coal Basin, the platform pattern of

Fig. 2. Tectonic sketch map of Poland (after W. Pozaryski, 1982)

I — Krakéw — Myszkow Zone; II — Upper Silesian Massif; III — Malopolska Massif; 1V — Kiclee Zone;
V — Moravia-Silesia Zone; VI — Late Variscan Forc-Sudetic Zone; VII — Epicnledonian platform zone;
VIl — Bohemian Massif; IX — East-European Plaiform; X — Carpathians; the arca under discussion
marked by the rectangle

Szkic rejonizacji tekionicznej Polski (wedlug W. Pozaryskiego, 1982)

[ — sirefa Kmkowa — Myszkown; 1T — masyw gomosigski; IIl — masyw malopolski; IV — strefa kielecka;
V — sirefa Morawo-Sileziddw, VI — miodowaryscyjska sirefa przedsudecka; VII — epikaledoriska sirefa
platformowa; VITT — Masyw Czeski; IX — platforma wschodnioceuropejska; X — Karpaty; prostokgtem
zaznaczond omawiany obszar

Fig. 3. Prc-Permian geological map (a) and cross-section (b) of the Silesian-Cracow area {aftcr W, Pozaryski,
Z. Dembowski, 1984)

Ptz, Pof — Upper Prowerozoic; Pt-§ — Upper Proterozoic and Lower Paleozoic, Cm' — Lower Cambrian;
Cm' 2 _ Lower and Middle Cambrian; O+5 — Ordoviclan and Silurian; D — Devonian; D1 — Lower
Dcvonian; Do+3 — Middle and Upper Devonian; C1 — Lower Carboniferous (Dinant); Ci+ n — Lower
Carboniferous and Namurian; Cv — Visean (and lfowermosl Namurian A); C2 — Upper Carboniferous; 1
— margin of Variscan orogen; 2 — faulis and dislocalions; 3 — reversed faults and overthrusts; 4 — boundary
of Upper Silesian Coal Basin; 5 ~— frontal Carpathian Ovenhrust; 6 — lne of geological cross-section; I —
Krakéw — Myszkéw Zone; I — Upper Silesian Coal Basin (in the deeper basement — Upper Silesion
Massif); 111 — Matopolska Massif; the area under discussion marked by the rectangle

Mapa geclogiczna (a) i przekrdj (b) przedpermskiego podioza obszaru Sigsko-krakowskiego (wediug W.
Poiaryskiego i Z. Dembowskiego, 1984)

Pta, Piof — proterozoik gémy; Pta-S — proterozoik gorny | paleozoik dolny; Cm' — kambr dolny; cm'*? —
kambr dolny i $rodkowy; O+§ — ordowik i sylur; D — dewon; D1 — dewon dolny; D2+3 — dewon srodkowy
i gérmy; C1 — karbon dolny (dinant}; C1+n — karbon dolny i namur; Cv — wizen (lacznie z najmiZszym
namurem A); C2 — karbon gomy; 1 — granica orogenu waryscyjskiego; 2 — uskoki 1 dyslokacje; 3 — uskoki
odwrécone i nasunigeia; 4 — granica Gomoslgskiego Zaglebia Weglowego; 5 — czolowe nasunigeie karpac-
kie; 6 — linia przekroju geologieznego; I — strefa Krakowa — Myszkowa; I — Goémoslaskie Zaglebie
Weglowe (w glebszym podloiu — masyw gérnoslaski); III — masyw malopolski; prostokglem zaznaczono
omawiany obszar
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Fig. 4. Distribution of main Zn-Pb deposits in the Silesian-Cracow area {geology after S. Bukowy, 1974,
Zn-Pb deposils by the author)

1 — Devonian; 2 — Carboniferous; 3 — Permian; 4 — Triassic and Jurassic (n — Jurassic boundary); 5 —
Cretageous; 6 — boundary of Upper Silesian Coal Basin; 7 — extent of Permian graben; 8 — dislocations;
9 — Zn-Pb deposits (proved and mined); 10 — Zn-Pb depasils tolally exhausted

Polozenie gléwnyeh z162 Zn-Pb na obszarze §lgsko-krakowskim (geologia wedlug S. Bukowego, 1974; zloia
Zn-Pb wedlug autorki)

1 — dewon; 2 — karbon; 3 — pewm; 4 — trias i jura (a — zasipg wyslgpowania jury); 5 — kreda; 6 — granieca
Goémoslgskiego Zaglgbia Weglowego; 7 — zaslgg wystgpowania permskiej strukiury rowowej; 8 — dyslo-
kacje; 9 — zioia Zn-Pb (udokumentowane i eksploatowane); 10 — zloZa Zn-Pb calkowicie wyeksploatowane

the Late Variscan tectonics, represented by a fold or brachyfold system, has been
recently evidenced by K. Bogaez (1980) and by W. Bogacz and J. Krokowski (1981).
Thosc folds of the prevailing strike close to a parallel of latitude (Figs. 3a and 6; ef.
also A. Morawska, 1985), were cut by faults along the fold axes and shifted by
transversal faults. Anticlines were formed of Devonian and Lower Catbonifercus
rocks and synclines of Lower Carboniferous ones. Upper Carboniferous, mainly
Namurian sediments, occur locally in depressed structures. Moreover, the morpho-
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logy, extension and tectonics of the discussed Variscan sttuctures are also legible in
the residual gravimetric anomalies (Fig. 7; sce also H. Kurbiel, 1978). Regional
analysis of the deep tectonics and of the magnetic anomalies (Fig. 8) allows to link the
basic features of tecionies of the described discontlinuity zone with the influence of the
right strike-slip movements in the deep basement (J. Bednarek, 1978; K. Bogacz, 1980;
W. Bogacz, J. Krokowski, 1981; A. Kotas, 1982).

Similar style of the Variscan tcctonics, i.e. gencrally longitudinal and latitudinal
orientation of the important folded structures, consisting of {lat elevations and
depressions cut by the faulls network, is observable in the eentral and eastern patis of
the Upper Silesian Coal Basin (Figs. 3a and 6; S. Siedlecki, 1954; E. Herbich, 1981).
One may distinguish the Chrzandw and Bytom synclines with the W-E sltiking axes
(S. Siedlecki, 1954). The Main Anticline borders the southetn side of the Bytom
Syncline. Echelon-oriented domes of this anticline are interpreted by E. Herbich
{1981) as a result of the leflt strike-slip movement of the deep basement (the Upper
Silesian decp fracture; sce Figs. 6, 7 and 8). On this basis A. Kotas (1982) suggested
the relative castward movement of the central part of the Upper Silesian Basin
basement., The distribution pattern of the Variscan struetures in the described arca,
and especially their breakdown at the Kalowice Olkusz line (Figs. 6 and 8), secms
to conlitm (his hypothesis. Morcover, the faulls and fault zoncs distinguished in the
Paleozoic basement are not exclusively of Variscan age, but they were in many cases
rejuvenated in the Alpine teetonic epoch. The western part of the Upper Silesian Basin
wag affected in the Variscan epoch by the fold tectonics, subordinated to the Mo-
ravian-Silesian (NNE-SSW) dircction and castern vergence.

The rocks of the both Palecozoic stages arc cut by inlrusions of magmalic rocks,
especially in the vicinities of Myszkow, Zawictcie, Pilica and Krzeszowice (Fig. 6).
Magmalic phcnomena are connected with the local, linear or circular magnetic
anomalics (Fig. 8). Linear anoinalies indicate fissure intrusion forms (H. Kurbiel,
1978). Onc should inention that in the whole characterized atea the similar AZ
dircclion is marked (NW-SE), which changes to W-E westward of Myszkéw. The
anonialy of Tychy, occurring in the SW part of the atca, is caused by deep-scated
crystallinc rocks of the Upper Silesian Massif.

The magmatie rocks represent petrographically differcntiated rocks complex of
vatious age. Till now, an unambiguous relalion has not becn found between the rock
types and age sequences. in general, magmatic rocks consist of gabbro, diabascs,
lamprophyres and following granitoids: rhyedacite and dacite porphyries, albito-
phyres, microgranites and microgranodiorites (T. Wicscr, 1957; O. Juskowiak et al,
1978; C. Haraficzyk, 1979; E. Gorecka, A. Nowakowski, 1979; 1. Slésarz, E.. Karwowski,
1983). Acid magmatic rocks prevail, forming usually subvolcanic dykes and grano-
diorite stocks. Magmatic formations arc altributed to different ages as well as to
nunierous phases diastrophic cycles. According to prevailing opimions, howevet, (he
acid intrusions have developed with in (he platform, in zones of extensive tectonic
aclivity. The most intensive tectonic movements, that caused deep faulling, took place
during the last two Variscan phascs (Aslurian and Saalian). The K-Ar geochronologi-
cal examinations of graniloids of the Myszkdéw arca yielded the result of about 300 min
years (K. Jarmolowicz-Szule, 1985).
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The acid intrusions are surrounded by zones of contact melamorphosed rocks of
various thickness. They are represented mainly by magnesium and calcium exoskarns
(C. Haranczyk, 1979, 1988; E. Gdrecka, A, Nowakowski, 1979).

Magmatic rocks are usually hydrothermally altcred. Predominantly they have
undergone albitization, sericitization, silicification, carbonatization, chloritization
and pofassium metasomatosis. Altcrations of the biotitization, propylitization and
argillitization type are less common. All the above menlioned types of alterations have
also been found within the wall-rocks where they recurrently reveal their character of
near-orc alterations, c.g. zonally developed aurcoles of alterations around mineralized
veins (op. cit.).

Acid magmatism is associated with Cu-Mo-W porphyry-type mineralization (C.
Haranczyk, 1979; E. Gérecka, A. Nowakowski, 1979; J. Slésarz, E.. Karwowski, 1983;
J. Slésarz, 1988; . Karwowski, 1988). Usually they formed minute mineralization, the
only larger ote deposit lype accumulation has been documented only in the Myszkéw
area (Fig. 6; K. Piekarskd, 1985, 1988). Duc to uncertain magmalism age, which is
interpreted by various modes, also the age of posimagmatic processes, leading to the
formation of ores, is often conlroversial. Morcover, an important role was played by
[ault tectonics which have developed in several stages. The systems of hydrothermal
veins healed complicated systems of fissures and dislocations cutting magmatic bodies
and Palcozoic sediments.

Terrestrial Lower Permian sediments (conglomerales, sandstones, clays), associ-
ated willy voleanies (diabases, porphyries, melaphyres and their {uffs), occur in a
narrow lectonic zone, bordering the north-eastern side of the Upper Silesian Coal
Basin (Figs. 4-6; A. Siedlecka, 1964), Teclonic moveinents distinetly marked in Lower
Permian, led to the formation of grabens and horsts (S. Bukowy, 1984; H. Kiersnowski,
A, Maliszewska, 1985). In Upper Carboniferous and Permian time erosion removed
a significant part the Paleozoic rocks, reaching Lower Paleozoic sediments. On the
uneven surface of the Paleozoic platforms karst processes developed (e.g. S. Kurck,
1988).

ALPINE TECTONIC EPOCH

In the Silesian-Cracow area the Mesozoic formations, together with the Permian
ones, build a cover stage (Fig. 5). Denudation of Variscides lasted till Roethian (locally
till Muschelkalk) when in the whole Silesian-Cracow area lhe epicontinental sedi-
ments of uniform facial devclopment formed (S. Sliwifiski, 1969; J. Wyczélkowski,
1982). Scdiments of the cover, mainly carbonates, are mostly of Triassic and Jurassic
age; the Cretaceous and Miocene sediments occur locally in grabens and morphologi-
cal depressions (Figs. 4, 9).

The authors considering the structural evolution of the cover stage (rccently J.
Krokowski, 1984) distinguish two tectonic cycles: Early Alpine {Cimmerian-La-
ramide) and Late Alpine (Tertiary), These cycles have different structural patterns.

The influence of the Early Cimmerian Phase on the spatial position of the Triassic
and Jurassic beds is not fully clucidated. One indicates the discordance exisling
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Fig. 5. Geological cross-scetion {geology afier 5. Bukowy fide A. Rozkowski et al,, [979)

1 — Precambrian; 2 — Early Palezoic; 3 — Devonian; 4 — Lower Carbouifercus; 5 — Upper Carboniferous;
6 — Permian, 7 — Trinssic; 8 — Jurassic; 9 — Cretaceous; 10 — faulls; 11 — Zn-Pb deposits marked
schematically by the author

Przekrdj geologiczny (geologia wedlug S. Bukowcege fide A. Rézkowski i in., 1979)

1 — prekambr; 2 — starszy paleozoik; 3 — dewon; 4 — karbon dolny; 5 — karbon gémy; 6 — penn; 7 —
toas; 8 — jura; $ — kreda; 10 — uskoki; 11 — zloZa Zn-Pb zaznoezone schematycznie przez aulorke

between Triassic and Jurassic sediments and a significant vertical mobility of the
Silesian-Cracow arca after the Muschelkalk sediments formalion (W. Bilan, 1976).
Generally one accepts that duc to the Early Cimmerian Phase movements, the Triassic
cover underwent large-size distortions and insignilicant disjunctive deformations.
Probably flat folds and small faults formed then, as well as rarer [lexural, dislocation-
adjacent deformations of the Triassic sediments. The directions of the Early Cimme-
rian dislocations frequently followed the tectonic direetions of the Palcozoie
basement.

During the Late Cimmerian Phase, the Silesian~Cracow Menocline, generally
inclined to NE started to form, definitely obtained its present shape during the very
intensive aelivity of the Laramide Phase (W. Burzewski, 1969; J. Kutek, J. Glazek,
1972). After J. Krokowski (1984), in the pattern of the Early Alpine teclonie eyele, the
direetion NW-SE to NNW-SSE (ihe so-called central Polish direction) was the
longitudinal one of the regional itnportanee, along which there also occurred the right
strike-slip movements. The Laramide movements had most probably an essential
influenee on the joint {issures opening and formalion of the NW-SE and NE-SW as
well as NNW-SSE and NNE-SSW faull systems, and, to lesser degree, on the fault
system otiented approximately to parallel of latitude i.c. WNW-ESE (op. ¢it.).

Due to the Tertiary tectonic movements, connected with the {ormation of Flysch
Carpathians and their foredeep, a significant rearrangement of the Cimmerian-La-
ramide structures took place (S. Diutynski, 1953; K. Bogacz, 1967, J. Krokowski, 1984;
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Fig. 6. Occurrences of ore mineralization in the Paleozoic basement of the Silesian-Cracow area (based on
the unpublished reports and publications: A. Siedleeka, 1964; E. Ekiert, 1971; E. Gorecka, 1972; S. Rulski,
1973; H. Kurbiel, 1978; I. Bednarek, 1978; C. Haranczyk, 1979; E. Herbick, 1981; S. Bukowy, 1984; K.
Piekarski, 1985; S. Kurek, 1988)

1 — Early Paleozoic; 2 — Devonian; 3 — Carboniferous; 4 — boundary of Upper Coal Basin; 5-8 — Upper
Carboniferous — Lower Permian: 5 — intrusive and effusive rocks (p — porphyry, d — diabase, m —
melaplyre), 6 — tuffs, 7 — areas of predominance of porphyry-carbonate and porphyry-tuffaceous conglom-
erates, 8 — areas of predominance of carbonate conglomerates (locally sandstones and clayey-carbonate-
~sandy sediments); 9 — Upper Silesian deep fracture;10 — presumed dislocation zones; 11 — faulls; 12 —
inferred boundaries of polymetallic mincralization found in boreholes; 13 — Cu-Mo~W deposit (proved);
14 — Zn-Pb mineralization found in boreholes (few deposits are proved)

Wyslagpienia mineralizacji kruszeowej w podlozu paleozoicznym obszaru slgsko-krakowskiego (na pedstawie
materialéw archiwalnych i publikowanych: A. Siedlecka, 1964: F. Ekiert, 1971; E. Gérecka, 1972; 5. Rulski,
1973, H. Kurbiel, 1978, J. Bednarek, 1978; C. Haraficzyk, 1979; E. Herbich, 1981; S. Bukowy, 1984; K.
Piekarski, 1985; S. Kurek, 1988)

1 — starszy paleozoik; 2 — dewon; 3 — karbon; 4 — granica Gémoslyskiego Zaptebia Weglowego; 5-8 —
karben gomy — perm delny: 5 — skaly intruzywne i efuzywne (p — porfir, d — diabaz, m — melafir), 6 —
tufy, 7 — obszary 2 przewagy zlepiencow porfirowo-weglanowych i porfirowo-tufowych, 8 — obszary z
przewagy zlepieficw weglanowych (lokalnie piaskowee i osady ilasto-weglanowo-piaszezysie);, 9 — rozlam
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J. Bednatek et. al., 1985). At (hat time tension and signifieant vertical mobility of the
area played an impottant part. Dense fault network, striking parallelly to latitude and
longitude, resulted in blocky character of this area, where large blocks were broken
into lower rank blocky units. The blocks borders were the places of a high coneentra-
tion of tectonic displacements. Commonly, the influence of the basement disfocations
on the overlying beds deformations and the propagation of the older disjunctive
structures from the basement upwards, are indicated.

In this context one may distinguish the main dislocation zone extending from
Krzeszowiee to Bytom (the so-ealled Cracow — Bgdzin Zone) which, west of Krze-
szowice, in the atea of the Upper Silesian Basin, changes its sttike from W-E to
NW-SE (Fig. 9; see also K. Bogacz, 1967). To southwest of this zone occur Chrzandw,
Jaworzno and Bytom troughs (synelines?) filled with Triassic scdiments. Their Vari-
scan pre- -foundation was proved by S. Siedlecki (1954). The second tectonic zonc of
Paleozoic pre-foundation with similar slrike was found aieng the line: Kolbatk (WSW
of Wolbrom) — Siewierz (J. Bednarek et al., 1985). To the north of Olkusz, this zone
crosses with the Jurassic cuesta whieh is assumed to be a tectonic zone parallel to
latitude, coinciding with the belt of right strike-slip faults in sub-Mesozoic basement
(op. cit).

The ovetlapping of the subsequent structural palterns caused, that the most fegible
and densicst dislocation network (frequently of the anlithelic and pivotal types) in the
Mesozoic cover is usually conneeted with the Tertiary inovements. The dip-slip faults
and oblique-slip faults prevail, {requently with associated [lexural deformations. These
faults form the presently abserved system of horsts and grabens (e. g. the Krzeszowice
Graben; Fig. 9).

DISTRIBUTICN AND FORM OF THE Zn-Pbh DEPOSITS

The main deposils oeeur in the area between Bytom, Chrzandéw Olkusz and
Zawiereie (Figs. 4, 9). In this area of more than 2000 square kilometres, there are two
economieally significant mining regions: Olkusz and Chrzanéw. The rich Bytom
deposits and other shown on the Fig. 9, are presently exhausted. Exploratory works
have resulted in the discovery of several new Zn-Pb deposits in the Silesian-Cracow
district, mainly in the Olkusz — Zawiereie — Siewierz area.

The extent of ore mineralization in the vertical profile is related to the geological
structure (vide S. Przeniosto, 1976; E. Gdrecka, 1972, 1973; C. Harafczyk, 1979; T.
Galkiewicz, 1983; T. Galkiewiez, S. Sliwifiski, 1985). It is larger (Devonian-Jurassic)
in the arcas where the basement is built of pre-Triassic elevations of Devonian and
Lower Carboniferous carbonate sediments, buried under the Mesozoic cover (Olkusz
and Zawiercie regions), and smaller (mainly Lower Muschelkalk) in places where the

gomoélgski; 10 — przypuszezalne sirely dyslokacyjne; 11 — uskoki; 12 — prawdopodobne granice zasiggu
wystepowania mineralizacji polimetalicznej stwierdzonej wierceniami; 13 — zloze Cu-Mo-W (udokumen-
towane); 14 — mineralizacja Zn-Pb stwierdzona wicrceniami (kilka zl6Z udokumeniowano)
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Fig. 7. Map of residual gravity anomalies (alter H. Kurbicl, 1978; alter J. Grzywacz's map}

Arcas with values: 1 — 3-4 mGal, 2 — 2-3 mGal, 3 — 1-2 mGal, 4 — 0-1 mGal; 5 — arcas with negative
residual anomalies; 6 — Upper Silesian deep fracture (afler E. Herbich, 1981); 7 — presumed dislocation
zones (as inlerpreted by the author)

Mapa rezydualnych anomalii grawimelrycznyeh (wedlug H. Kurbicla, 1978; na podsiawie mapy T, Grzywa-
cza)

QObszary o wanosciach: 1 — 3-4 mGal, 2 — 2-3 mGal, 3 — 1-2 mGal, 4 — 0-1 mGal; 5 — obszary
rezydualnych anomalii ujemnych; 6 — rozlam gdémoslgski (wediug E. Herbich, 1981); 7 — przypuszezalne
strely dyslokacyjne (w interpretacji autorki)

basement of Triassic consists of Carboniferous and Permian clayey-sandstone and
conglomerate sediments (Chrzanéw and Bytom regions), as drawn in the Figs. 4-6, 9.
The vertical extent of mineralization vaties {rom several tens of eentimetres up to
several tens of metres. Locally, where the ores occur also in the Paleozoic basement,
the vertical cxtent of minetalization is even up to a few hundred metres, e.g. in the
Olkusz region (E. Goérecka, 1991},
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Fig. 8. Map of magnetic anomalies AZ (for epoch 1950,5) after H. Kurbicl (1978)

Areas wilh values: 1 — >400 gammas, 2 — 300-400 gammas, 3 — 200-300 gammas, 4 — 100-200 gammas,
5 — 60-100 gammas, 6 — 0-60 gammas; 7 — zones of maximum AZ values; 8 — Upper Silesian deep fraclure
(afler E. Herbich, 1981); 9 — possible displaceincnts in the sirike-slip faulls zone (as interpreted by the
aulhoz)

Mapa anomalii magnetycznych AZ (dla epoki 1950,5) wedlug H. Kurbiela (1978)

Qbszary o wartosciach: 1 —> 400 ganuna, 2 — 300-400 gamma, 3 — 200-300 gamma, 4 — 100-200 gamma,
5 — 60-100 gamma, § — 0-60 gamma; 7 — strefy maksymalnych wartoscl AZ ; 8 — rozlam gomoslaski
{wedlug E. Herbich, 1981); ¢ — moiliwe przemieszczenia w sirefie uskokéw przesuwezych (w interpretaeji
autorki)

Most of the Zn-Pb ores (about 92% of the ores, as estimated by T. Galkiewicz,
1983) are hosted by carbonate rocks of the Lower Muschelkalk (lower Middle Trias-
sic). The economically impottant ote regions are located in this unit. As a rule,
considerable amounts of the otes are concentrated within the epigenetic dolomites,
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the so-called ore-bearing dolomites, which concentrate about 85% of the ores {op.
cir).

Besides the Zn-Pb deposits occur locally in the Rocthian (uppermost Lower
Triassic) dolomiles (mined in the Bolestaw mine), in Diplopora Delomite of Middle
Muschelkalk, and in the Middle to Late Paleozoic carbonales, mostly of the Devonian
age (about 4% of the ores). Rarely Zn-Pb mincralization is found in the sediruents of
Upper Muschelkalk and Keuper (Upper Triassic), Jurassie, Permian and even in the
Early Palcozoic rocks. However, in the Olkusz region, rclatively large ore bodics,
mainly FeSz, were found and exploited in Upper Jurassic beds (Fig. 9; C. Kuzniar,
1925),

While generally similar, nevertheless different corc regions are characterized by
their tectonics, spatial disiribution of the ore-bearing dolomites, and ore mineraliza-
tion, as well as by forms, macrostructures and mineral composition of the ores.

The forms of the orc bodics are very complicaled. In the Mesozoie cover the
deposits arc tabular in shape. They consist of metasomalie, dispersed ores and cavily-
-filling (crusted, veiny, drusy and breecia) ores. The tnineralized zonhes do not eotre-
spond to the stratigraphie levels. The rich ore bedies are generally located in the lower
part of the orc-bearing dolomites. The epigenctie ore-bearing dolomites developed
more or less horizonlally over a large area where they replaced, partly or tolally, Lower
Musehelkalk roeks, mainly Goraidie, Terebratula and Karchowice beds, represenled
originally by limestones and early diagenetie dolomites. The ore-bearing dolomites
arc crystalline, compact or microporous, cften cavernous and cracked (e.g. K. Bogacz
et al,, (9759). This ,stratoidal” deposil type of dilferent thickness, from few metres to
several tehs of melres, disconlinuously extend at the lenglh of even several kilomelres.

The scienlisls have been paying much attention to ore-bearing dolomite breccias
with sulfide cement of karst origin and they accepted the view that hydrothermal karst
processes were the main formation factor of the examined deposits (K. Bogacz et al.,
1970, S. Diulynski, M. Sass-Gusikiewicz, 1985; M. Sass-Gustkiewicz, 1985). According
to thesc authors, the hydrothermal [luids penetrated through the rocks in several
pulses. Underground karst deposits developed mainly in the contaet zone of the
ore-bearing dolomites with Gogolin Limestones (lowermosl Lower Muschelkalk);
they have the shapes of channels, cracks widened by karst, interlayer joints or residual
clays. There are deposits accompanied by broad zones of breccia, formed as a result of
collapse of karst chambers or by fissures created due a heterogeneous subsidence of
rocks over collapsing chambers. The three types of sullide deposits can be observed:
the metasomatic otes, the initial karst deposits and the mature underground karst
deposits. Each of them is characterized by speeific ore structures (M. Sass-Gustlde-
wicz, 1985).

Other mineralization forms, such as different size orc stocks, nests, vcins, arc
discordant to the lamination of roek complexes. The distribution of ore mineralization
is controlled by joints. Ore bodies of this type were better recognized in mines where
they occur both in Muschelkalk and in Roethian beds (e.g. M. Nieé, 1980).

Lately, the studies of mutual tclations between tectonic effects and ore taninerali-
zalion in the Mesozoic and Paleozoic beds have been observed (S. Kibitlewski, E.
Gorecka, 1988; E. Gorecka, 1991; E. Gérecka ot al,, 1991). Small-to-middle scale
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Fig. 9. Map of distribution of Zn-Pb deposits in the Sile-
sian—Cracow area (geology after §. Kotlieki, 1977 and H.
Kaziuk, 1978, completed on the basis of the map by J.
Bednarek et al., 1985; Zn-Pb deposits by the author)

1 — Devonian; 2 — Carboniferous; 3-5 — Permian: 3 —
conglomerates, 4 — volcanics (p — porphyries, d — dia-
bases, m — melaphyres), 5 — tufls; 6 — Triassic; 7 —
Jurassic; 8 — Crelaceous; 9 — Tertiary; 10 — [aults (a —
found, b — inferred); 11 — overthrusts; 12 — Zn-Pb
deposits (proved and mined); 13 — Zn-Pb deposits totally
exhausted; 14 — ore deposits (mainly iron sutfides; exhau-
sted) in the Jurassic rocks; 13, 16 — mines working and
closed: P — Pomorzany, B — Bolestaw, O — Olkusz, T —
Trzebionka

Maparozmieszczenia zt6z Zn-Pbw obszarze §lasko-krako-
wskim (geologia wedlug S. Kotlickiego, 1977 i H. Kaziuk,
1978, uzupelniona na podsiawie mapy J. Bednarka i in,,
1985; zloza Zn-Pb wedtug autorki)

1 -— dewon; 2 — karbon; 3-5 perm: 3 — zlepience, 4 —
skaly wulkaniczne {p — porfiry, d — diabazy, m — melafi-
ry), 5§ — tufy, 6 — tras; 7 — jura; 8 — kreda; 9 —
trzeciorzed; 10 — uskoki (a — stwierdzone, b — przypus:-
czalne); 11 — nasunigcia; 12 — zloZa Zn-FPb (udokumen-
towane i eksploatowane); 13 — ztoza Zn-Pb calkowicie
wyeksploatowane; 14 — zloza kruszcowe (gléwnie siarezki
zelaza, wyeksploatowane) w skatach jurajskich; 15, 16 —
kopalnie czynne i nieczynne: P — Pomorzany, B — Bole-
slaw, O — Olkusz, T — Trzebionka
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tectonic structures (i.e. small faults, flexures, joints, slickensides, minor folds) revealed
the existence of block-faulting, deep-seated pattem as a main control factor of the
deposit development. These problerns are discussed in a number of papers included
into this volume.

In the Upper Paleczoic carbonate seditnents, the ore bodies are often located
directly below the Triassic cover, sometimes building continuous ore bodies together
with the ores [rom the Triassic cover (Fig. 5; E. Gorecka, 1991). Several small and
middle size ote bodies have been explored in the Olkusz — Zawiercic — Siewierz atea
(Fig. 6; S. Kurek, 1988, 1991). These ore ,nests” are usually distinguished by a limited
horizontal distribution and by relatively larger vertical onc. The ore bodies are
commonly associated with [aults (S. Przeniosto, 1976; C. Haratezyk, 1979; E. G-
recka, 1991). A connectlion betwcen the morphology of the Paleozoic basement and
occutrence of Zn-Pb ores in ore-bearing dolomites of Lower Muschelkalk, suggested
by cerlain investigators (c.g. F. Ekiert, 1971; S. Kurek, 1988), was not currently
confirmed. These occurrences have similar mincral parageneses to the otes in Meso-
zoic beds, and may represent conduits of the ore fluids migration.

FINAL REMARKS

Regional analysis of the geological setting of the Silesian-Cracow deposits of
Zn-Pb ores may yield to several general conclusious:

1. Distribution of the Zn~Pb deposils subordinates lo the Variscan (and older) and
Alpine tectonic patterns of the discussed arca. The richest Zn-Pb deposits occur
within the regional decp-seated discontinuity zone, bordering the NE margin of the
Upper Silesian Massif. The Pertnian graben structure, associated with magmatic
plicnomena, is a marker of this zone. On the both sides of this graben struclure, in the
Mesozoic cover, there are concenlrated the richesl Zn-Pb deposits. Thus, one may
suppose that llic above mentioned deep disjunctive zonc was aetive to varicus degrec
during scveral fectonic cycles.

2. In the Mesozoic cover, the main dislocation zoncs of the generally meridional
and parallel (changing their dircction o NW) to latitude sirike were the places of
special prefercnce to concentration of the ores; at least the first dislocations were
faults of the strike-slip type, developed on the older tectonic foundations. The places
of erossing of these zones arc most preferred as Zn-Pb orc mineralization sites, e. g.
the Olkusz ore district. The Zn-Pb deposits, occurring in Triassic scdiment troughs
(the Chrzandw, Jaworzno and Bytom ore districts), are [ocated also in the immediate
neighbourhood of the Cracow-Bgdzin main dislocation zone. One may observe that
the largest vertical extent of ore mineralization, achieving Palcozoic beds, occurs
closely to the deep dislocations rejuvenated several times in Alpine epoch. Acecpting
the idea of the hydrothermal (telethermal origin of the Silesian-Cracow Zn-Pb
deposits, one should also accept thal the Zn-Pb otes in Paleozoic host roeks are the
toot parts of these deposits. This may be evidenced by similarities in mineral para-
geneses compositions and spatial distribution of the deposits in the Mesozoic and
Paleozoic beds.
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3. The conniection was found in the Mesozoic cover between intensity of the ore
mineralization process at a given area and the intensity of tectonic phenomena, like
smali faults, cracks, cataclasis and breccias. The larger ore concentrations occur in the
downthrown sides of faults and in graben structures. One may supposc that the
developtment of the graben structures was connected with a network of ledge faulls,
active in the basement.

4. The above considerations lead to the conclusion that polyphase, pulsating
development of the ore mineralization {mineral parageneses) was caused by a se-
quence of tectonic impulses. The important problem of the ore sequence should be
considered on the hackground of all possible migration paths of the ore-forming
solutions, inecluding also tectonic conduits. A supposition appears that already during
karst development, in connection with the ore-forming solutions activity and probably
also during dolomitization, there existed regular fracture systems or their foundations,
causing easier pcnetration of the rock massif by the mineralizing solutions. Direction
or directions of the ore-forming solutions are not clear. One cannot exclude that these
processes were cohneeted with the forming of Carpathians. Studies of these problems
have already begun and they will be subjects of separate elaboralions.

5. The tectonic factor in the Zn-Pb deposits formation in the Silesian-Cracow area
can be of practical importance for prospecting and for the further exploitation of ore.

Translated by Andrzej Kozlowski

Zakiad Geologii Surowcdw Mineralnych
Panstwowego Instytulu Geologicmego
Warszawa, Rakowiecka 4

Received: 27.01.1993
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Ewa GORECKA

POZYCJIA GEOLOGICZNA SLASKO-KRAKOWSKICH ZLOZ Zn-Pb
Streszczenie

Rozmieszczenie zI6E Zn-Pb przysiosowuje sig do waryscyjskiego (i starszego ) oraz alpejskiego planu
tekionicznego obszaru §lasko-krakowskiego. Najbogatsze zioZa sg zlokalizowane w obrgbie regionalnej
sirety rozlamowej, ograniczajacej od NE masyw gémoslaski {fig. 1, 2). Wyznacznikiem tej strefy, wéréd
strukiur péénowaryseyjskich, jest permska strukiura rowowa, kidrej towarzyszg zjawiska magmowe (fig. 6).
Po obu stronach 1¢j struktury — w pokrywie mezozoicznej — wyslepujg najbogalsze ztoia Zn-Pb (fig. 4, 9).
Moina wigc domniemywaé, iz wspomnlana strefa rozlamu wglebnego byta aktywna w réinym stopniu przez
kitka cykli tektonicznych.

W pokrywie mezozoicznej szczegdlnie uprzywilejowane dla koncentracji kruszedw sa walne strety
dyslokacyjne o ogdlnym przebiegu poludnikowym (okolopotudnikowe) i rownoleinikowym (skrpcajace na
NW), z kidrych przynajmniej te pierwsze byly przez diuiszy czas dyslokacjami typu przesuwczego, oparlymi
na starszych zatoieniach tekionicznych. Miejsca krzyZowania sie tych stref sg najbardzlej uprzywilejowane
dla koncentracji kruszcow Zn-Pb. W poblizu dyslokacji glebiej zakorzenjonych i kilkakrotnie odmiladzanych
w epoce alpejskicj wysigpuje najwigkszy pionowy zaslgg okruszcowania, slggajacy paleozolku.

W Swielle przeprowadzonej analizy regionalnej uzasadniony jest poglad, reprezentowany przez wigk-
sz0s¢ badaczy, o wielofazowym (pulsacyjnym) rozwoju mineralizacji Zn-Pb w obszarze §lgsko-krakowskim.,





