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Slanistaw KIBITLEWSKI

Tectonic control of the origin of Zn-Pb deposits in the
Chrzanow region

An cxample ol dislincl interdependence belween processes of Zn-Pb ore deposit formalion and tectonic
events has been deseribed. The process of mineralization shows close relation to the Lcctonic structures of
different origin and scale.

INTRODUCTION

Teclonic studies have been done in some of the Zn-Pb deposits in the Chrzandow
and Olkusz regions. Remarks summarized here were widely prescnled before in the
Polish papers and reports (S. Kibitlewski, E. Gérecka, 1988; E. Gorceka et al., 1991;
S. Kibitlewski, 1992). Those papers contain wide list of references coneerning the
geological setling of the regions, main problems and discussions as well.

In the Chrzanéw region the studies werc done in the Trzebionka mine. The
Trzebionka deposit lies in the northern part of the Chrzandw Syncline (the Chrzandw
Trough) which displays sublatitudinal running. The structure seems to have Variscan
foundations and is cut with numerous transversal and longitudinal faults of Alpine
age (comp. M, Szuwarzynski, 1993, Fig. 2). In the mining atea dominant faults display
the NNE-SSW direction.

In the Trzebionka mine the small and middle scale tectonic structures in the
ore-bearing Lower Muschelkalk beds have been analysed. In their profile there
dominate dolomites , bolh early diagenetic and epigenclic — so-called the ore-bearing
dolomites. In genecral, ore-bearing dolomiles replace carbonate rocks, 1nainly lime-
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Fig. |. Map of disiribution of small- and middle-scale structures in one of the mining block (Trzebionka
ming}

1 — small fauits and large fraclures often with slickensides — vertical and inclined; 2 — anticlines, flexore
zones; 3 — bedding planes — horizontal and inclined; 4 — elevation points; 5 — zomes of intensive
development of dolomile breccias; 6 — zones of intcnsive development of ore breccias; 7 — mining block
number; H — horst; G1, G2 — graben structures; a-b — line of idealized cross-section {comp. Fig. 5)
Mapa wystgpowania drobnych i Srednioskalowych struktur tektonicznych w jednym z blokéw eksploata-
cyjnych kopalni Trzebionka
1 — drobne uskoki 1 wigksze spekania, ¢zgslo zlustrowane — pionowe i nachylone; 2 — antykliny 1 fleksury;
3 — powierzchnie ulawlcenia — poziome i nachylone; 4 — punkly wysokesciowe; 5 — sirefy intensywnego
rozwoju brekeji dolomilowych; 6 — strefy intensywnego rozwoju brekejl kruszcowych; 7 — numery blokéw
eksploatacyjnych; H — stukuza zrgbowa; Gl, G2 — sitrukiury rowowe; a-b — linia schematycznego
przekroju (por. Fig. 5)

stones of the uppermost layers of the Gogolin Beds and the lower part of the Gorazdze
Beds. The upper and lower boundaries of their occurrenee are irregular,
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Defailed studies on the meso- and small-seale teetenie struetures and mineraliza-
tion were done mainly in the area of about 300 m in length and about 200 m in width,
especially in 100 x 100 m mining block no. 4153 (Fig. 1). In total - about 600
measurements of different tectonic structures wete done, together with a macroscopic
eslimation of the intensily and kind of the related ore mineralization, as well as
sampling aiming at mincralogical and geochemical studies (analyses in progress).

The teclonic style of deformalion and the scope of tectonic structures developed
in the area in question arc characteristic of the areas of platform structure. Middle
scalc dip-slip (mostly vertical) faults, flexures, folds and buekling of beds are common
as well. The small scale structures arc represcnted by the regular joint and other
fractures of different origin, generally related to the local folds and faulls. Very typical,
in the discusscd area, arc slickensides present on genetically different discontinuity
surfaces, being the most frequent on the vertical surfaces. General mutual relation of
the structures and mineralization in the smali part of the area (1 ha, tnining block no.
4153) is shown in Fig. 1.

SYSTEMATIC FRACTURES

The systematic joints display usually vertical or subvertical position, locally with
a kathetal tendency (being perpendicular to bedding planes, irrespective to the dip
angle of the beds). There exist some scis of the joints wilh prevailing orientalion of
160-170, 100-110, and 50-60° . The first set is dominant and the most regular within
the whole arca in question, the others are subordinate and show uneven frequency in
the different sites. Another systematic [racturcs are related 1o the regular fault and
fold structures developed in the arca.

There existed at least two main fuctors which caused the development of the
syslemalic fractures. The first [actor cotresponds to the processcs generating repional
joint and cleavage which cvidently show an carly foundation (comp. W. Jaroszewski,
1993). The second factor results mostly in shear fractures, developed duoring different
rolalion of beds. The last onc corrcsponds to the local inler-bed slip, related lo a
horizonlal eompression (small thrust faults) andfor to bending (flexuring effect of
dip-slip faults — scc below).

Some systematic fractures scem to be connceled with the local faults and folds, of
limited mechanical influence. As for the trends of those {ractures, the ohlique and
transversal scls are dominant while the longitudinal ones subordinate. The whole
deseribed pattern rotates with the change of the trend of the local folds.

FAULTS AND SLICKENSIDES

The faults observed in the block no. 4153 show the slable orientation of 140-180°,
generally coincident with the main (160-170° set of joinls. Striac reveal mostly
dip-slip character of the faults. Small slickensides are {requently developed on joints.
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Fig. 2. Statislical diagrams (area as in Fig.L; upper hemisphere of equiarea nel)

a — bedding: I — pole of bedding plane, 2 — position of fold axis (P axis); b — fractures: I — pole of fracture
plane; ¢ — mineralized surfaces: 1 — bedding surfaces, 2 — slickenside surfaces, 3 — other fissures; d —
slickenside surfaces: 1 — pole of slickenside surface, 2 — striae azimuth

Diagramy slatystycine (dla obszaru jak na Fig. 1; géma palkula sialki réwnopowierzchniowej)

a — ulawicenie: 1 — biegun powierzchni lawicowej, 2 — pelozenie osi faldu (08 f); b — spgkania: 1 — biegun
powierzchni spekaniowej, ¢ — powicrzchnie zmineralizowane: [ — lawic, 2 — luster tektonicznych, 3 —
innych szezelin; d — powierzchnie luster: 1 — biegun powierzchni zlustrowanej, 2 — azymut rys slizgowych

Those facts as well as frequeney of the vertical dip-slip faults supgest that the arca in
question is dominated by dip-slip kinematics in the Paleozoic substratum.
Directional analysis of the faults and of sense of their movements shows the
exisichee of the middle scale horst-and-graben structure (Fig. 1, G1-H-G2) in block
discussed. It is significant that vertical faults and the densely spaced slickenside
surfaces, which border the horst structure, separate the zones at the same time. Those
zones display the different degree of tectonic comnplication. In the graben zones the
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fold and flexure structurcs are common as well as faulls and dense {ractures, cataclasis
and brecciation of rocks. The horst zone is less disturbed — only cut by the spaced
fractures.

The intensity of ore mineralization in the zones under discussion is different: high
in downthrown (graben) parls and very low in the practically barren horst one.

FOLD- AND FLEXURE-DEFORMATIONS

In the block no. 4153, bedding outside the flexured parts is mostly horizontal or
subhorizontal (Fig. 2a). Although the ptevailing direction of dip is not cvident, there
is a kind of m belt, which points to a prcdominance of bends with submeridional axes.
Atlitude of real fold axes, determined in field (§ axis), suggests the samc tcndency,
corresponding with the dircetion of the main faulls in the block.

Most of the discussed folds are non-linear and display prcsumably the character
of brachyforms. Some of them may be devcloped as the local buckling forms rclated
to the small overthrusts (squeezing along bedding surfaces), the others (more rare) —
as the true tectonic folds which engage thicker packets of beds. The last folds seem to
be significanily dependent on fault-blocks occurring probably in the basement of the
described horizon. The relation of some fold dcformations to the wvertical and
sub-vertical disjunctive siructures suggests that the folds and flexures have mainly
character of the bending folds (fault-overlying folds) andfor drape [olds.

ZONES OF CATACLASIS AND BRECCIAS

As a resull of the detailed observations, it can be stated that different stages and
degree of disintegration of the massif rock are present in the area under diseussion.
The following features can be observed:

a — systematie [racluring (jeinting). The systemalic fractures oceur in multi-di-
rectional systems (usually with one predominant direction) rather than in single sets;

b — the rock material intensively fraclured in different dircctions. It is difficult
but not Impossible to select the dominating corientations, The traces of bedding are
still preserved,

¢ — cataclasites — strongly fractured rock eomplexes with no privileged direclions,
but without separation or rotation of the inter-fraeture fragments;

d — cataclastic breccias — rock masses displaying independent movements of the
angular rock fragments and conspicuous voids (empty or filled with inter-fracture
cement);

e — breecias with more separated rock fragments, still not rotated or rounded;
those breccias display propertics of the hydraulic breccias;

f — typical breccias with the rotated and differently rounded roek fragments.

In respect of the content of the rock fragments and matrix, two kinds of breccias
can be distinguished:
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Fig. 3. Delomilc-ore breceian xzone developed in partially destroyed hinge part of small feld (Trzebionka
mine)

1 — ore-bearing dolomile; 2 -— dolomile-ore breecia; 3 — cavern; 4 — crushed material; 5 — bedding traces;
6 — small fracture traces

Strefa brekeji delomitowo-kruszeowej rozwinigta w czgdciowo zniszezonej przegubowej partii drobnego
faldu w kopalni Trzebionka

1 — dolomit kruszeonosny; 2 — brekeju dolomitowo-kruszeowa; 3 — kawema; 4 — fuZny maleriat zwatowy;
5 — przebieg lawic; 6 — przebicg drobnych spgkan

1 — dolomite breccla — in which sharp-edged dolomite fragments oecur in the
dolomitie matrix of another character;

2 — ore breecia — in which sharp-edged rock ftagments of different dolomites
(early-diagenectic, epigenetic) are cemented with sulfides (mainly Zn8). Some rock
fragments are built of dolomite breccia as in point 1. The contacts between rock
fragments and the ore matrix are sharp and quite clean. This kind of breccias accom-
panies the hinge zones of the local folds (Fig. 1, expl. 5; Fig. 3).

STRUCTURAL RELATIONS

The spatial relations between different structures in the block no. 4143 are
presented in Fig.1. Three zones of different structurcs of sub-meridional trend may be
distinguished there. In the eastern part, there lies the zone 1 with distinet develop-
ment of cataclasis and ore mineralization. This zone is gencrally lowered due to the
faults of the small scale and different orientation. The adjoining horst H is less
intensively fractured and practically barren. The western side of the horst is formed
by a zone of the strong, sub-meridionally otiented, vertical or stecp fractures of joint
character, with numerous dip-slip slickensides when passing to the G2 zone. Within
the interval of more than 10 m, between H and G2, all the faults throw their western
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Fig. 4. Vertical chimney-like dolomile-ore breccia in drifi-wall profile {Pomorzany mine)

| — bedding traces;, 2 — fracture traces in ore-bearng dolomite; 3 — dolomite-ore breccias; 4 — transversal dnft; 5 — crushed matenal

Picnowe, kominowe strefy brekeji dolomitowo-kruszcowe] w profilu chodnika w kopalni Pomorzany

1 — przebicg lawic; 2 — przebicg spekan w dolomicie kruszcowym; 3 — brekeje delomitowo-kruszeowe; 4 — chodnik poprzeczny; 5 — luiny matedal zwalowy
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Fig. 5. Possible structural position of discussed Trzebionka mining block no. 4153 (comp. Fig. 1) in relatively
large area

H — horst; G2 — graben structures; a-b — cross-section as in Fig. 1

Moiliwa pozycja omawianego bloku eksploatacyjnego (ar 4153) na szerszym tle strukturalnym (por. Fig. 1)
H — struktura zrebowas; G2 — struktury rowowe; a-b — przekroj jak na Fig. 1

wings, i.e. the zone represents gradual transilion from the horst to the graben. Small
folds and flexures are charaeteristic for this graben, their direclions being similar to
the direclions of the main disjunctive structures. Degree of the ore mineralization in
that graben increases.

Threc categories of tectonic structures condition the formation of the zones
discussed above: joints, minor faults and flexurcs, and small folds, Most of minor faults
and sets of slickensides have used steep surfaeces of eatlier joints. The fault pattern
suggests an influence of movements along some steep faults in substratum on the
formation of the horst-graben structurcs. Idealized model is shown in Fig.5. Folds
developed in the graben parts are widely-spaced and have small amplitudes (up to
some meters, e.g. Fig. 3). Similar assemblage of structures, with associated ore minera-
lization, occurs in the blocks nos. 4352 and 4353. In spite of the litile distancc (250 m)
from the block no. 4133 discusscd above, however, the structural directions arc quite
different (for details comp. E. Gérecka ct al., 1991 — Fig. 2, also diagrams in Figs. 3-6
— ibidem). In the present author’s opinion this striking fact is duc to a selected
struetural appearance of faults contouring the bascment blocks. The fault of NE
direction was aclive in the south (described in the paper quoted) whereas the NW one
in the north. The result of activity of the latter fault is described in the present article.

Zonation in Zn-Pb mineralizalion was influcnced by the similar scale rhylhm of
repeated changes, conditioned by the regular tectonic features as it has been shown
by R. Blajda (1991) who was using the statistical methods. In the area in guestion, the
fact may be explained as a result of locally differcnt components of the fault system
which consists of NW and NE sets. Those components could be the block-faunlts of
dip-slip type, generating uplifted and downwarped zones also in the larger area than
the area in question. Whether the downwarped parts (inter-fault blocks, grabens ) arc
the sites of richer mineralization as a rule (in the whole region e. g.) still refmains an
open problem. Such an assumption, however, may be supported by the lectonic data
on geological selling of the distant Olkusz region (Klucze deposit, comp. E. Gétecka,
1991).
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ORE MINERALIZATION PROCESS VERSUS TECTONIC BACKGROUND

Studies on spalial relations belween the tectonic structures and the degree of
mincralization, especially an analysis of mineralization along different [raclures, gave
the important data on mutual relations between tectonic cvents and ore mincraliza-
tion. A connection betwcen the intensity of the ore mineralization on one side and
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Fig. 6. Schematic presentation of possible tectonic pumping of ore forming solutions from the depih into
the ore deposit levels

Explanations as in Fig. 1

Schemat modliwego teklonicznego przetlaczania roziworéw kruszconoSnych z glebszych pozioméw w hory-
zonly zloZowe

Cbjasnienia jak na fig. 1

the intensity of the fracluring as well as posilion of mincralization in bigger tectlonic
structurcs on the other, has been stuled. The richest mineralization occurs in the
strongly fissured zones, cataclased and brecciated. In majority of cases, kathetal or
subkathetal fractures arc more strongly mineralized. Among those fractures the
predominant ate those displaying direclions of 120-150° (sector NW-SE, Fig. 2¢).
Also the mineralized slickensides are generally steep. In the strongly fractured zones
the ore mineralization also occurs in the intcr-bed f{issures, but this kind of the ores is
less stable. Significant ore concentrations are observed in places where fractures are
crossing the inter-bed fissures. The most distinet ore mineralization occurs in the
zones of intcnsive fracture disintegration of cataclasites and cataclaslic breccia, de-
veloped in the strongly faulted parts, corresponding to the downthrown sides of bigger
vertical dip-slip faults discussed above, which generated the horst-graben structure
(Fig. 1, G1-H-G2). In many cases, the ore mincralization of the steep and vertical,
longitudinal fractures has been obscrved in the parls close lo the axial hinge parts of
the anticlinal folds. This fact is probably connected with the tension zone along the
fold crest, Majority of the fold-like structures, mincralized in such a way, are accom-
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panjed by faults developed in the sub-axial parts. In the case of greater faults, more
rich mineralizalion is generally observed in the downthrown sides.

Vertical zoncs of ore breceias with thickness reaching some tens of centimeters,
appear occasionally in the same slruetural position as the vertical faults, This fact
concerns also some faults which limit the horst from the west (Fig. 1, expl. 6).
Relatively large zones of such character have been observed in the Pomorzany mine,
Olkusz region (see Fig. 4). Their orientation shows close relation to the general
paitern of the rcgional joint (comp. S. Kibitlewski, E.Gérccka, 1988).

CONCLUSIONS

To summarize the observations of intensity of mincralization, it can be assumed
that the ores concentrate mainly in (he downthrown sides of the faults, as well as in
the hinge patts of anticlinal structures. All those struclures are possibly conirolled by
a net of steep faulls in the basement. Downthrown sides of those structures have
resulled in the lectonic effects in cover, which in their turh were responsible for the
sites of an ore concentration. Thercfore, it is evident, that the hitherto made small-
-scale observations should be now extended inlo a bigger scale, especially — more
general structural plan of the region.

An important but still open problem regards the paths by which the mincral
solutions penetrated ,the ote-bearing dolomite” complex. All the data mentioned
above suggest, that the migrating fluids followed tainly the teclonic paths. Teclonic
stress was probably the factor of this migration, wlhereas the final structurcs were
conlrolling the process of local flow and precipitation. At prescnt, it is possible to
introduce only a simplified mechanism of tectonic pumping as the mechanism of
movetnent of the mineralizing solutions under discussion, as in Fig. 6. The determi-
nation of the range of mechanic effects of solutions forced into the rock formation
remains still open. The problem has not been widely discussed yet (in relation to the
Zn-Pb ores), although this factor scemns to be inevitable in every model of deep
eirculation. The first opinions have been presented by W. Jaroszewski, 1986, 1993).
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Stanislaw KIBITLEWSKI

PROCESY TEKTONICZNE W ROZWOJIU Z1.OZ Zn-Pb W REJONIE CHRZANOWSKIM
Streszczenie

Przedstawiono wyniki badof nad zaleinodciy procesow mineralizacji Zn-Pb a lekioniks dolomildw
kruszcono$nych w zlofu kopalni Trzebionka. Zespdl struktur tektonicznych takich jak [atdy, uskoki, feksury,
strukiury Slizgowe, strefy katnklazy i zbrekcjowania, zbadany szczegdlowo na przestrzeni szesciu blokdw
wydobywczych {ok. 6 ha), ljcznie ze zwigzanymi z nim przejawami mineralizacji siarezkowe] doslarczyl
dowoddw na postawienie tezy o wyrainych zwigzkach migdzy procesami okruszcowania a budows tekionicz-
ng zbadanego odcinka, Stwierdzono sirefowosé okruszecowania zwigzang z istienicm tak dysjunkiywnych,
jak i cigglych form deformacii, w kidrych wyniku zachedzilo eksiensyjne powigkszanic przesirzeni skutkujice
wzmozZong precypilacjy z roziwordw rmineralizujgeych. Uzyskane dane sugerujg waing rolg — w rozwoju
tcklonicznym badanego obszaru — pionowych uskokéw typu progowego dzialajgcych w podlozu badanej
[ormacji dolomitowe;.





