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The Pre cam brian base ment and Lower Pa leo zoic (Cam brian–Or do vi cian) sed i men tary cover in the east ern part of the Up per 
Silesian Block (Brunovistulicum), known only in bore holes, is pre sented, and their palaeogeographic, fa cies and
palaeotectonic de vel op ment is dis cussed. The for mer is char ac ter ized by a het er o ge neous struc ture that con sists of
Archean-Lower Pro tero zoic and Neoproterozoic rocks of dif fer ent lithologies and or i gins, and the lat ter is al most ex clu sively
rep re sented by ma rine, tran si tional and ter res trial siliciclastic rocks. In con trast to the neigh bour ing re gion of the west ern part 
of the Ma³opolska Block, the siliciclastic sed i men ta tion took place dur ing the Early and Mid dle Cam brian in this area, how -
ever, the Or do vi cian de pos its were en coun tered in sev eral bore holes and no Si lu rian rocks have been re ported in the north -
ern part of this re gion. The au thors pres ent the most prob a ble model of sed i men ta tion, tec ton ics and or i gin of the geo log i cal
struc ture of the Lower Pa leo zoic sed i men tary cover in the Up per Silesian Block, de fine re search prob lems, and jus tify the
need for new drillings. Based on the geo log i cal and struc tural anal y sis of the depth to the top sur face of the Lower Pa leo zoic,
they de fine the op ti mal lo ca tion for three 1500 m deep bore holes to solve the ba sic re search prob lems.

Key words: Pre cam brian base ment, Lower Pa leo zoic sed i men tary cover, Up per Silesian Block, Brunovistulicum, south ern
Po land.

INTRODUCTION

The Up per Silesian Block, lo cated in south ern Po land in
Lower and Up per Silesia and west ern Ma³opolska (Kotas,
1982, 1985; Bu³a and ¯aba, 2005, 2008; Bu³a et al., 2008), is
part of a larger tec tonic unit known as the com plex terrane
Brunovistulicum (or Brunovistulian). It also in cludes the Brno
Block lo cated in Moravia, the Czech Re pub lic (Dudek, 1980;
Kotas, 1982, 1985; Fin ger et al., 2000; Bu³a and ¯aba, 2005;
¯elaŸniewicz et al., 2009, 2011). The bound ary be tween the
Up per Silesian Block and the Brno Block is marked by the Haná 
Fault in ter preted as the south east ern ex ten sion of the Labe
Fault (Fig. 1; Bu³a and ¯aba, 2005; Bu³a et al., 2008 and ref er -
ences therein). The view pre sented by the au thors is dif fer ent
than that ex pressed by Fin ger et al. (2000) and Kalvoda et al.
(2003) who ar gued that the north ern bound ary of the Brno

Block is sit u ated within the Cen tral Ba sic Belt that sep a rates the 
Thaya and Slavkov ter ranes.

The north ern part of the Brunovistulicum ex tends from the
Vi enna–Brno–Wroc³aw line in the west to the Odra Fault Zone
in the north, and to the Kraków-Lubliniec Fault Zone in the
north-east, which ad joins the Ma³opolska Block (Fig. 1; Bu³a
and ¯aba, 2005, 2008; Bu³a et al., 2008). The west ern bound -
ary of the Brunovistulicum, at the con tact with the Moldanu -
bicum of the Bo he mian Mas sif (Moravo-Silesian Fault Zone),
shows a com plex geo log i cal na ture. It is de lin eated by the
Diendorf and Boskovice faults and by the Svojanov, Nyznerov
and Strzelin thrusts in cluded in the Moldanubian Thrust Zone
(Franke and ¯elaŸniewicz, 2000; Oberc-Dziedzic et al., 2001,
2003; Bu³a and ¯aba, 2005). The south ern part of the Bruno -
vistulicum is the base ment of the Outer Carpathians and ex -
tends at least to the Peri-Pieniny Fault Zone (Fig. 1).

The Pre cam brian base ment of the Brunovistulicum has
been ex plored by bore holes drilled in the south ern, sub-
 Carpathian part of this tec tonic units in the area be tween Brno
and Kraków. Anchimetamorphic, meta mor phic and ig ne ous
rocks that con sti tute the base ment lo cally subcrop at the sub-
 Ce no zoic sur face. They are ex posed on the sur face in the west -
ern part of the Brno Block, near Olomouc in sev eral iso lated
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out crops, and in the Jeseníky Mas sif and the Strzelin Mas sif
(Bu³a and ̄ aba, 2005, 2008; Leichmann et al., 2006; Bu³a et al., 
2008; ¯elaŸniewicz et al., 2009). Over the re main ing area, the
Pre cam brian base ment of the Brunovistulicum has not been
ex plored yet. In the north west ern part of this tec tonic unit, within 
the Moravo-Silesian Fold and Thrust Belt, the base ment is cov -
ered with the Variscan meta mor phic suc ces sions of an accre -
tionary wedge, in clud ing Lower Car bon if er ous flysch de pos its
at tain ing sev eral kilo metres in thick ness (Otava et al., 1994;
Kalvoda et al., 2008). In the north east ern part, within the Up per
Silesian Foredeep, as we move from the south and south-east
to wards the north-west, the base ment grad u ally dips un der -
neath a thick en ing (from a few hun dred metres to more than
6 km) sed i men tary cover of the Cam brian–Or do vi cian (epi-
 Cadomian) struc tural level and the Variscan struc tural level.
The lat ter is rep re sented by Lower De vo nian clastics (Old Red
fa cies), Mid dle–Up per De vo nian and Lower Car bon if er ous car -
bon ates, Lower Car bon if er ous Culm-type siliciclastics and Up -
per Car bon if er ous coal-bear ing molasse de pos its form ing the
Up per Silesian Coal Ba sin (USCB).

This pa per deals with the pres ent-day state of rec og ni tion of 
the geo log i cal struc ture of the Pre cam brian base ment and the
Lower Pa leo zoic (Cam brian–Or do vi cian) sed i men tary cover in
the east ern part of the Up per Silesian Block. This area is sit u -
ated be tween the Or³owa-Boguszowice Thrust in the west and
the Kraków-Lubliniec Fault Zone in the north-east, and marks
the bound ary be tween the Up per Silesian (Brunovistulicum)
Block and the Ma³opolska Block. Against this back ground, the
pa per points out to the fun da men tal, but yet un re solved prob -
lems re lat ing to the geo log i cal evo lu tion of the above-men -
tioned rock com plexes, and pres ents pos si ble so lu tions by drill -
ing new test bore holes.

PRECAMBRIAN BASEMENT 

In the east ern part of the Up per Silesian Block, the Pre cam -
brian base ment is well-ex plored only in its south ern por tion.
Crys tal line and anchimetamorphic rocks, which con sti tute the
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Fig. 1. Tec tonic po si tion of Brunovistulicum (af ter Bu³a et al., 2008)
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base ment, have been drilled by 22 bore holes in the area lo -
cated to the south of the Pszczyna–Zator–Kraków line, where
they un der lie dif fer ent age de pos its rep re sent ing the Lower
Cam brian, Ju ras sic and Mio cene (Fig. 2; Moryc and Heflik,
1998; Bu³a, 2000; Bu³a and ¯aba, 2005). In this part of the Up -
per Silesian Block, the Pre cam brian base ment is rep re sented
by three zon ally ar ranged rock com plexes, dif fer ent in terms of

or i gin and age (Bu³a and ̄ aba, 2005, 2008; ̄ elaŸniewicz et al.,
2009). They were dis tin guished and de fined on the ba sis of
geo phys i cal data (gravimetry, mag netom etry, seis mic ity), li thol -
ogy, and de ter mi na tions of ab so lute age car ried out on zir cons
ex tracted from rock sam ples col lected from the Kêty 8,
Roztropice 3, Roczyny 3, £odygowice IG 1, Œlemieñ 1,
Lachowice 4 and Rzeszotary 2 bore holes (SHRIMP), as well as
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Fig. 2. Geo log i cal map (with out for ma tions youn ger than the Ediacaran) 
(af ter Bu³a and ¯aba, 2005; Bu³a and Habryn, 2008; mod i fied)
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on mus co vite from Krasna 1 (K-Ar). A com par a tive dat ing anal -
y sis of lithologically and petro graphi cally sim i lar rocks that were
found in neigh bour ing bore holes, was also used. 

From the south and west to wards the north and east, there
are the fol low ing com plexes (Fig. 2):

1  – com plex of Neoproterozoic (660–556 Ma) crys tal line
(meta mor phic and ig ne ous) rocks found in the Cie -
szyn–¯ywiec–Bielsko-Bia³a–Andrychów–Kêty area. The
rocks con tinue to the south-west as far as the Brno re gion
in the Czech Re pub lic;

2  – com plex of Ediacaran anchimetamorphic flysch-type
siliciclastics, strongly tec toni cally de formed and lo cally
phyllitized. This rock com plex has been ex am ined in a
nar row belt stretch ing from Gocza³kowice through
Piotrowice–Wysoka–Potrójna to the Lachowice area. On
the south and west, it ad joins the above-men tioned com -
plex of Neoproterozoic crys tal line rocks;

3 – com plex of Paleoproterozoic (2.0 Ga) crys tal line (meta -
mor phic) rocks with in her ited Ar chean el e ments of 2.7 Ga
age. These rocks have been ex am ined in the Rzeszo -
tary–Wiœniowa re gion (south of Kraków) within a sub-
 south ern struc tural el e ment – the Rzeszotary Horst.

Pre vi ous lithological, petrographic and ra dio met ric stud ies
of Pre cam brian base ment rocks in the east ern part of the Up -
per Silesian Block prove its com plex, het er o ge neous struc -
ture. Bu³a and ¯aba (2005, 2008) and ¯elaŸniewicz et al.
(2009) re late the tectonometamorphic evo lu tion of Neopro -
terozoic crys tal line and anchimetamorphic rocks of com plexes 
1 and 2 to the Cadomian (Cadomian–Avalonian) tec tonic pro -
cesses. How ever, in their opin ion, the Neoproterozoic crys tal -
line rocks (com plex 2) rep re sent the in ner part of the Cado -
mian orogen (Cadomian internides), and the Ediacaran
anchimetamorphic flysch-type siliciclastics (com plex 2) form
its outer part (Cado mian externides). Ac cord ing to those au -
thors, the crys tal line rocks in the Rzeszotary Horst (com plex
3), which formed as a re sult of Archean-Early Pro tero zoic tec -
tonic and meta mor phic pro cesses, are part of the Cadomian
orogen fore land.

The Neoproterozoic crys tal line and anchimetamorphic
rocks (com plexes 1 and 2) have been as signed by ¯ela -
Ÿniewicz et al. (2009) to the Slavkov Terrane, while the
Archean-Lower Pro tero zoic crys tal line rocks (com plex 3) – to
the Rzeszotary Terrane. The bound ary be tween the two dif fer -
ent age crustal frag ments, con sti tut ing the Pre cam brian base -
ment of the east ern part of the Up per Silesian Block, is not
known.

Com plex ity of the geo log i cal struc ture of the Pre cam brian
base ment, ob served in this part of the Up per Silesian Block,
makes it dif fi cult to pre dict its char ac ter is tics in the re main ing,
hith erto un ex plored part of this tec tonic unit com pris ing an
area sit u ated north and east of the Gocza³kowice–Piotro -
wice–Wyso ka–Potrójna line as far as the Kraków-Lubliniec
Fault Zone (Fig. 2).

The vari abil ity of the geo log i cal struc ture of the Pre cam -
brian base ment in the east ern part of the Up per Silesian Block
was pre vi ously as sumed by Kotas (1972, 1982, 1985), based
mostly on the re sults of geo phys i cal mag netic sur veys. Us ing
those re sults, he pre sented a num ber of op tions re gard ing the
in ter nal struc ture of the Pre cam brian base ment, and dis tin -
guished within the base ment a num ber of struc tural el e ments

de fined as microplates or blocks. A com mon char ac ter is tic fea -
ture of the Pre cam brian base ment sub di vi sion schemes, pro -
posed by Kotas (1972, 1982, 1985), is a sim i lar di rec tion of the
in di vid ual struc tural el e ments that run lon gi tu di nally (W–E) in
the west ern part, and change their di rec tion to submeridional
(NNW–SSE) fur ther to the east. Kotas (1972) drew spe cial at -
ten tion to the two large, merg ing pos i tive mag netic anom a lies of 
Jordanów and Tychy, clearly marked in the east ern part of the
Up per Silesian Block. Kotas (1985) linked their or i gin with al ka -
line magmatism (the pres ence of diabases) that de vel oped
within the Pre cam brian base ment along the axis of these anom -
a lies, and/or with meta mor phosed ophiolites. A sim i lar or i gin of
the Jordanów and Tychy anom a lies was pro posed by Bojdys et
al. (1982), who sug gested their or i gin due to the pres ence of
gab bros, ex clud ing the pos si bil ity of any oc cur rence of ultra -
basites.

Tak ing into ac count the cur rent state of knowl edge on the
Pre cam brian base ment in the east ern part of the Up per Silesian 
Block, Bu³a and ¯aba (2008) as sumed that the axis of the
Jordanów and Tychy pos i tive mag netic anom a lies, whose or i -
gin is as so ci ated with un known al ka line mag matic rocks (they
are be yond the reach of so-far drilled deep bore holes; Kotas,
1972; Bojdys et al., 1982), de ter mines the course of the con tact
zone (tec tonic su ture) be tween two crustal el e ments form ing
the Pre cam brian base ment in this area: the Archean-Lower
Pro tero zoic el e ment and the Neoproterozoic (Cadomian) el e -
ment. Ac cord ing to ¯elaŸniewicz et al. (2009), the con tact zone
runs be tween the Rzeszotary and Slavkov ter ranes. The
above-dis cussed view, pos tu lated by Bu³a and ¯aba (2008), is
sup ported by the fact (Fig. 2) that Neoproterozoic (Cadomian)
crys tal line and anchimetamorphic rocks of the Slavkov Terrane
are sur rounded on the north, north-east and east by a belt of the 
merged Jordanów and Tychy anom a lies. On the east ern side of 
the Jordanów anom aly, there are Archean-Lower Pro tero zoic
crys tal line rocks of the Rzeszotary Terrane.

Ac cord ing to Bu³a and ¯aba (2008), the Pre cam brian base -
ment of the Up per Silesian Block, in its un ex plored part sit u ated
be tween the axis of the Jordanów and Tychy pos i tive mag netic
anom a lies and the Kraków-Lubliniec Fault Zone con sti tut ing the 
bound ary be tween the Up per Silesian and Ma³opolska blocks,
is com posed of the Archean-Paleoproterozoic crys tal line rocks
(com plex 3).

An other ver sion of the geo log i cal struc ture of the Pre cam -
brian base ment in this part of the Up per Silesian Block is pos tu -
lated in ¯elaŸniewicz et al. (2009) by its lead ing au thor, who as -
sumes the con tin u a tion of the Ediacaran anchimetamorphic
flysch-type siliciclastics (com plex 2) from the Gocza³ko -
wice–Piotrowice–Wysoka–Potrójna–Lachowice re gion to wards 
the north and north-east to the Kraków-Lubliniec Fault Zone.
¯elaŸniewicz et al. (2009) are of the opin ion that Edia caran
flysch of the Up per Silesian Block is in con tact along this fault
zone with co eval and litho-tec toni cally sim i lar flysch de pos its of
the Ma³opolska Block (Fig. 2). The Ediacaran flysch of the
Ma³opolska Block un der lies de pos its of dif fer ent ages: Pa leo -
zoic (from Or do vi cian to Perm ian), Me so zoic (Tri as sic and Ju -
ras sic) and Ce no zoic (Mio cene) (Bu³a and Habryn, 2008).

Ex pla na tion of the above-men tioned dif fer ent views on the
geo log i cal struc ture of yet un known part of the Pre cam brian
base ment in the east ern part of the Up per Silesian Block re -
quires fur ther drill ing exploration.
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LOWER PALEOZOIC SEDIMENTARY 
COVER

The Lower Pa leo zoic sed i men tary cover in the east ern part
of the Up per Silesian Block is rep re sented by non-meta mor -
phosed Cam brian siliciclastic and Or do vi cian siliciclastic-car -
bon ate rocks. The de gree of ex plo ra tion of these rocks is very
un even and gen er ally weak (Fig. 3). It is not only due to a highly
di verse and mostly con sid er able depth to the rocks, but also re -
sults from the lack of ad e quately deep bore holes de signed ap -
pro pri ately to their struc ture and thick ness.

Rocks of the Lower Pa leo zoic sed i men tary cover, rep re -
sented by Lower Cam brian siliciclastics, have been more thor -
oughly ex plored in the south ern por tion of the east ern part of
the Up per Silesian Block, in the area sit u ated south of Jastrzê -
bie-Zdrój–Pszczyna–Zator–Kraków. They were en coun tered
in 32 deep bore holes (1,500–5,000 m) – in clud ing most of
those that have reached the Pre cam brian base ment (see
Figs. 2 and 3). 

Cam brian de pos its of this area, of dif fer ent thick nesses
from sev eral to more than 1,400 m, are over lain di rectly by the
De vo nian (mainly Lower De vo nian) or Ju ras sic rocks, and they
rest dis cor dantly upon ge net i cally di verse Pre cam brian rocks of 
dif fer ent ages (Bu³a and Jachowicz, 1996; Bu³a, 2000; Bu³a and 
¯aba, 2005; Paczeœna, 2005).

The Cam brian rocks, sim i lar in li thol ogy and fa cies to those
ob served in the above-men tioned part of the Up per Silesian
Block, have also been found in its east ern most mar gin ad ja cent 
to the Kraków-Lubliniec Fault Zone, in the area be tween Sie -
wierz, Olkusz and Kraków (Fig. 3). Lower Cam brian sec tions of
var i ous thick ness (from 30 m to 200 m) were drilled in that area
in twelve shal low bore holes with depths of 120–600 m, and the
two deep bore holes of Klucze 1 and Ogrodzieniec 2 – 2,100 m
and 2,006 m deep, re spec tively (Bu³a, 2000; Bu³a and Habryn,
2010; Habryn et al., 2014). In this re gion, the Lower Cam brian
strata are over lain di rectly by the De vo nian, Tri as sic and Ju ras -
sic de pos its.

The Cam brian age of siliciclastic rocks that un der lie the De -
vo nian, Tri as sic or Ju ras sic in the above-men tioned ar eas of
the east ern part of the Up per Silesian Block, has been proved
by palynological stud ies (acritarch de ter mi na tions) con ducted
in 18 bore holes (Bu³a and Jachowicz, 1996; Jachowicz-
 Zdanowska, 2010, 2013), and on the ba sis of trilobites in the
Gocza³kowice IG 1 bore hole (Or³owski, 1975). Ac cord ing to the
new strati graphic scheme of the Cam brian sys tem (Gradstein
et al., 2012), these are Terreneuvian and Se ries 2 de pos its
(Fig. 4; Jachowicz-Zdanowska, 2013).

Two main lithostratigraphic units have been iden ti fied and
de fined in the stud ied Lower Cam brian sec tions: the Borzêta
For ma tion and the Gocza³kowice For ma tion (Bu³a and Jacho -
wicz, 1996; Bu³a, 2000), which have been di vided into lower-
 or der lithostratigraphic units – mem bers (Fig. 4; Bu³a, 2000;
Bu³a and ¯aba, 2005; Bu³a and Habryn, 2010). The Borzêta
For ma tion con sists of three mem bers: Myœlenice Claystones
Mem ber, Osieczany Mudstones Mem ber and Rajbrot Sand -
stones Mem ber, while the Gocza³kowice For ma tion is rep re -
sented by four sub units: Mogilany Scolithos Sand stones
Mem ber, G³ogo czów Bioturbated Sand stones Mem ber,
Pszczyna Mudstones with Trilobites Mem ber and Jarz¹bko -
wice claystones (in for mal unit).

The Lower Cam brian clastic de pos its from this part of the
Up per Silesian Block, of ten con tain ing ichnotaxonomically and 
etho logi cally di verse trace fos sil as so ci a tions, are char ac ter -
ized by high fa cies vari abil ity. They were de pos ited in ter res -
trial (braided rivers and al lu vial fans), tran si tional (fan and
braided del tas), and ma rine (shoreface and off shore) en vi ron -
ments (Paczeœna and Poprawa, 2001; Paczeœna, 2005,
2014). Dis tinct lithological and fa cies vari abil ity is ob served
mainly in the ver ti cal sec tion of Lower Cam brian de pos its. The
Borzêta For ma tion de pos its, rep re sent ing a re gres sive litholo -
gical-fa cies se quence, were de pos ited in a grad u ally shallo -
wing ma rine ba sin (Bu³a, 2000). The Myœlenice Mem ber de -
pos its de vel oped in the lower off shore zone, the Osieczany
Mudstone Mem ber de pos its ac cu mu lated in the dis tal and
prox i mal off shore zone, and the de po si tion of the Rajbrot
Sand stones Mem ber oc curred in the shoreface zone (Pacze -
œna, 2014). The Gocza³kowice For ma tion de pos its show the
char ac ter is tic fea tures of a transgressive lithological-fa cies
se quence (Bu³a, 2000). This for ma tion starts with coarse-
 clastic de pos its of the Mogilany Scolithos Sand stones Mem -
ber, which were ini tially de pos ited in ter res trial en vi ron ments
(mainly al lu vial sed i ments) and later in ter res trial-shoreface
en vi ron ments – i.e. at the mouths of del tas and in the up per
shoreface zone (Paczeœna, 2005). De pos its rep re sent ing the
up per part of this for ma tion ac cu mu lated in a ma rine en vi ron -
ment. The G³ogoczów Bioturbated Sand stones Mem ber de -
pos its ac cu mu lated in the up per and mid dle shoreface, the
Pszczyna Mudstones with Trilobites Mem ber – in the lower
shoreface and up per off shore zone (Paczeœna, 2005), and the 
Jarz¹bkowice claystones – prob a bly in the lower off shore en -
vi ron ment. It should be em pha sized that the Gocza³kowice
For ma tion de pos its are char ac ter ized by a con sid er able lat -
eral ex tent. Their strati graphic and lith o logic-fa cies equiv a -
lents oc cur in the Czech Re pub lic, in the Brno Block (Bu³a et
al., 1997; Jachowicz and Pøichystal, 1997; Vavrdová et al.,
2003; Jachowicz-Zdanowska, 2013).

A 95 m thick par tial sec tion of the Mid dle Cam brian (Se ries
3) clastics from the east ern part of the Up per Silesian Block was 
ex am ined so far only in the Sosnowiec IG 1 bore hole at a depth
of 3156.0–3442.6 m (Fig. 3). These de pos its un der lie the Lower 
De vo nian, and their strati graphic po si tion is de fined by palyno -
logical data (Bu³a and Jachowicz, 1996; Jachowicz- Zdano -
wska, 2013). They have been dis tin guished as the Sosnowiec
For ma tion (Fig. 4; Bu³a, 2000). The up per part of the for ma tion
(with a thick ness of about 177 m) is rep re sented by fine-grained
siltstones and sand stones. The lower part (un pierced in this
bore hole) is com posed of an 18 m thick com plex of vari ably
grained sand stones with ad mix ture of fine gravel, which has
been dis tin guished as the Radocha Mem ber of vari ably grained 
sand stones and peb bles with fine gravel (Kowal czewski, 1990;
Bu³a, 2000). 

De pos its rep re sent ing the up per part of the Sosnowiec
For ma tion ac cu mu lated in a ma rine en vi ron ment, as ev i den -
ced by, among oth ers, the pres ence of re mains of in ar tic u late
brachi o pods and acritarchs (Biernat and Baliñski, 1973;
Jachowicz-Zdanowska, 2013), prob a bly in the lower shore -
face and up per off shore. Depositional en vi ron ment of these
vari ably grained and grav elly sand stones of the Rado cha
Mem ber has not yet been de ter mined; per haps they de vel -
oped in a tran si tional, ter res trial-mar ginal ma rine en vi ron ment. 
The Mid dle Cam brian de pos its in the Sosnowiec IG 1 bore hole 
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Fig. 3. Geo log i cal map (with out for ma tions youn ger than the Si lu rian)
(af ter Bu³a and ¯aba, 2005; Bu³a and Habryn, 2008; mod i fied)

For other ex pla na tions see Fig ure 2
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Fig. 4. Lower Pa leo zoic sche matic strati graphic sec tions of the east ern part of the Up per Silesian Block 
and the south west ern part of the Ma³opolska Block (af ter Bu³a, 2000; Bu³a and ¯aba, 2005; slightly mod i fied)



are cosscut by an ig ne ous in tru sion with the ap par ent thick -
ness of 92 m.

The Lower Pa leo zoic sed i men tary cover in the east ern
part of the Up per Silesian Block also in cludes Or do vi cian ma -
rine siliciclastic-car bon ate de pos its, whose frag men tary sec -
tions, 75 to 102 m in length, oc cur un der the De vo nian or Tri -
as sic in four shal low bore holes (300–650 m deep): BM-152,
24-WB, 43-WB and 45-WB, sit u ated north of the Sosno -
wiec–Siewierz line (Fig. 3; Bu³a, 2000; Jachowicz, 2005). Or -
do vi cian ma rine de pos its of this area, strati graphic po si tion
(Darriwilian–Sandbian/Katian) of which is de ter mined based
on cono donts (Siewniak-Madej and Jeziorowska, 1978), acri -
tarchs (Jachowicz in G³adysz et al., 1990; Bu³a and Jacho -
wicz, 1996; Jachowicz, 2005) and brachi o pods (Piekarski et
al., 1985), are in cluded in the Bibiela For ma tion (Fig. 4; Bu³a,
2000) rep re sented by dark grey and celadon-grey, mostly si -
lici fied clays (rare mudstones). The rocks are ac com pa nied by 
thin interbeds of light grey fine-grained quartz sand stones and
grey si lici fied dolomites.

The cur rent state of knowl edge and re sults of re search on
the Pa leo zoic de pos its in the east ern part of the Up per Silesian
Block un doubt edly re veal a num ber of un re solved prob lems re -
lat ing to the his tory of the sed i men tary de vel op ment on one
hand, and on the other hand they al low spec i fy ing – to a lim ited
ex tent – the ac cu racy of the tec tonic constraints on their
deposition.

The re sults of strati graphic in ves ti ga tions of the Cam brian
and Or do vi cian in the study area clearly in di cate some gaps in
the knowl edge on their sec tions (Fig. 4; Bu³a and Jachowicz,
1996; Bu³a, 2000; Jachowicz, 2005; Jachowicz-Zdanowska,
2013). There are no data on the Lower Cam brian (Go -
cza³ kowice For ma tion)/Mid dle Cam brian (Sosnowiec For ma -
tion) tran si tion de pos its. The un ex plored de pos its span the
sec tion be tween the lower Mid dle Cam brian (Sosnowiec For -
ma tion) and the Up per Or do vi cian (Bibiela For ma tion). There -
fore, it is im pos si ble to re con struct the depositional de vel op -
ment dur ing the pe riod from the late Early Cam brian through
the Early Or do vi cian. Among the un re solved is sues are the
fol low ing: 

– did the Cam brian de pos its de velop in sed i men tary con ti -
nu ity with the Or do vi cian, or there are strati graphic (sed i -
men tary, ero sional) gaps and tec tonic un con formi ties in
the sec tions?, 

– did Up per Cam brian de pos its ac cu mu late at all? 
since they have not been en coun tered in any of the pre vi ously
drilled bore holes.

A dis tinc tive, clearly marked fea ture of the Pa leo zoic de pos -
its (usu ally un der ly ing the De vo nian) from this part of the Up per
Silesian Block is their zonal pat tern (Fig. 3). It is ex pressed in
the fact that pro gres sively youn ger Lower Pa leo zoic de pos its
subcrop be neath the De vo nian sur face when mov ing from the
south-east and south to the north-west and north – from Early
Cam brian (Terreneuvian) through Or do vi cian. The rea son for
the zon ing is in ter preted by Bu³a (2000) and Bu³a and ¯aba
(2005) as be ing the re sult of mi gra tion of depocentres in the
Early Pa leo zoic ba sin of the Up per Silesian Block, es pe cially
well-man i fested af ter the Early Cam brian: in the Mid dle Cam -
brian, Or do vi cian and prob a bly even later – in the Si lu rian. The
pos si bil ity of de po si tion dur ing the Si lu rian in the west ern part of 
the Up per Silesian Block is sug gested by the pres ence of rocks

rep re sent ing this sys tem, found in an allochthonous po si tion
near Stinava in the Brno Block (Czech Re pub lic; see Bu³a and
¯aba, 2005 and ref er ences therein).

The ear lier, Early Cam brian stage of depositional de vel op -
ment of the Early Pa leo zoic ba sin in the Up per Silesian Block
was also char ac ter ized by a zonal pat tern of depocentres. The
dis tri bu tion of the Lower Cam brian Borzêta For ma tion de pos its, 
rep re sent ing a re gres sive lithological-fa cies se quence, in di -
cates that they were de pos ited only in the east ern most, mar -
ginal part of the Up per Silesian Block ad ja cent to the Kraków-
 Lubliniec Fault Zone (Figs. 2 and 3). Strati graphic and litho -
facies equiv a lents of the for ma tion have not been found in any
of the bore holes that reached Pre cam brian rocks in the area sit -
u ated to the west of the Lachowice–Potrójna–Wysoka line. 

Pre cam brian rocks of this area are di rectly over lain by a
youn ger Lower Cam brian lithostratigraphic unit – the
Gocza³ kowice For ma tion. De pos its of this for ma tion, rep re sent -
ing a transgressive lithological-fa cies se quence and over step -
ping the Borzêta For ma tion de pos its, are char ac ter ized by a
wide ex tent in the Up per Silesian Block, as well as by the pres -
ence of their strati graphic and lith o logic-fa cies equiv a lents also
in the Brno Block. In the east ern part of the Up per Silesian
Block, the thick ness of the Gocza³kowice For ma tion in creases
from the south and west to wards the east and north. To the
east, the thick ness of the lower mem ber of the for ma tion – the
Mogilany Scolithos Sand stones Mem ber – is many times
greater: from about 100 m to over 1,400 m. The max i mum thick -
ness of the mem ber was found in the Ogrodzieniec 2 (800 m),
Mogilany 1 (1,400 m) and G³ogoczów IG 1 (1,200 m) bore holes
(Fig. 3), but the de pos its have not been pierced.

At this point, we should men tion the lack of Cam brian de -
pos its in the south west ern edge of the Ma³opolska Block, pres -
ently ad join ing the Up per Silesian Block along the Kraków-
 Lubliniec Fault Zone (Figs. 2 and 3). The Ediacaran rocks are
di rectly over lain in this area by Or do vi cian or youn ger de pos its
(Si lu rian through Mio cene; Bu³a and ¯aba, 2005; Bu³a and
Habryn, 2008). Ac cord ing to Bu³a and Habryn (2011), this part
of the Ma³opolska Block was an eroded land area in Cam brian
times as a re sult of Cadomian up lift ing move ments.

Poprawa (2006) car ried out a one-di men sional anal y sis of
tec tonic sub si dence and de po si tion rate of Lower and Mid dle
Cam brian siliciclastic de pos its in the Up per Silesian Block
based on data from 10 bore holes. He has shown var ied and
gen er ally high sub si dence and de po si tion rates up to about
80  m/My and up to about 180–200 m/My, re spec tively. The
sub si dence and de po si tion rates in crease to wards the north -
east ern and east ern edge of the Up per Silesian Block. Dur ing
the de po si tion of Cam brian sed i ments, a sin gle phase of in -
tense tec tonic sub si dence was clearly marked. Poprawa
(2006), bear ing in mind the in com plete knowl edge on the na -
ture of the Cam brian tec tonic sub si dence and de po si tion
rates, as well as the di rec tions of thick ness changes of the de -
pos its, as sumed two al ter na tive mod els of the Cam brian ba sin 
de vel op ment in the Up per Silesian Block: 

– as a flex ure-re lated collisional foredeep, 

– as a post-orogenic grav ity-in duced col lapse ba sin. 
As pointed out by him, none of these mod els is fully con -

firmed at this stage of knowl edge of the Cam brian and Pre cam -
brian suc ces sions.
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It should be noted that Poprawa (2006), pro vid ing the
char ac ter is tics of geotectonic mech a nisms of the Cam brian
ba sin de vel op ment in the Up per Silesian Block, did not take
into ac count the het er o ge ne ity and com plex ity of the geo log i -
cal struc ture of the Pre cam brian base ment, which is dis -
cussed in Bu³a and ̄ aba (2005) and ̄ elaŸniewicz et al. (2009) 
as well as in this pa per. There is a high prob a bil ity that the in di -
vid ual struc tural el e ments of the base ment were vari ably af -
fected by tec tonic (up lift ing or downdropping) move ments dur -
ing the collisio nal (as as sumed by Poprawa, 2006) de vel op -
ment of the Cam brian ba sin. This may have re sulted both in
the ob served vari a tions in the sub si dence and de po si tion
rates of the Lower Cam brian sed i ments, and in the mi gra tion
of depocentres. 

Re la tion ships be tween the geo log i cal struc ture of the Pre -
cam brian base ment and the char ac ter is tic fea tures of the de -
vel op ment of Lower Cam brian de pos its were pointed out by
Bu³a and Habryn (2010), who noted that, e.g., the Borzêta For -
ma tion de pos its are lim ited only to the area where the Pre cam -
brian base ment is com posed of Archean–Lower Pro tero zoic
rocks of the Rzeszotary Terrane. The Gocza³kowice For ma tion
is thin nest in the Slavkov Terrane com posed of Neoproterozoic
rocks. The Mogilany Scolithos Sand stones Mem ber, which is
the lower mem ber of the Gocza³kowice For ma tion, at tains the
max i mum thick ness in the con tact zone be tween the Rze -
szotary and Slavkov ter ranes. The age of these sed i ments, cor -
re lated with the Platysolenites Zone, was doc u mented so far
only in the Brno Block (Vavrdová et al., 2003; Jachowicz-
 Zdanowska, 2013)

IMPLICATIONS FOR THE FUTURE

The cur rent state of knowl edge on Pre cam brian and Pa leo -
zoic rocks in the east ern part of the Up per Silesian Block, as is
clear from the above-pre sented con sid er ations, sig nif i cantly
lim its a re li able in ter pre ta tion of their sed i men tary-di a strophic
de vel op ment. Many of the is sues re gard ing this prob lem re -
main hy po thet i cal. The prob lems and con tro ver sial views, pre -
sented in the pre vi ous chap ters of this pa per, can be re solved
and ver i fied (at least par tially) by prop erly planned drill ing ex plo -
ra tion to examine the Precambrian and Lower Paleozoic
succession.

The pos si bil ity of drill ing into Pre cam brian and Pa leo zoic
rocks in the east ern part of the Up per Silesian Block is lim ited
pri mar ily be cause they rest at con sid er able depths un der a vari -
ably thick cover of De vo nian-Car bon if er ous, Perm ian-Me so -
zoic and Ce no zoic de pos its (in clud ing flysch de pos its of the
Outer Carpathians).

The top sur face of these de pos its is char ac ter ized by very
high re lief vari a tions from 170 m a.s.l. to 6,000 m b.s.l. It is il -
lus trated on the struc tural map of the top of Pre cam brian and
Lower Pa leo zoic for ma tions (Fig. 5). Based on avail able car to -
graphic ma te ri als (Bu³a and Kotas, 1994; Jureczka et al.,
2005; Bu³a and Habryn, 2008), we used the prin ci ple of ex trap -
o la tion �into the depths� with the method of pos i tive su per po si -
tion. Also, the main zones of dis con ti nu ities such as faults and
overthrusts with their slips and dips ap pro pri ately ex trap o lated 

“into the depths”, were adopted af ter the above-men tioned au -
thors.

There is a clear trend of grad ual de clin ing to wards a deep
de pres sion, the cen tre of which is lo cated in the ̄ ory–Orzesze 
re gion. The un even trend in the de cline of this sur face (to more 
than 6,000 m b.s.l.) is also ob served in the area lo cated to the
south of Kraków. This is the re sult of in tense fault ing of the Pa -
leo zoic de pos its by high-am pli tude faults (even over 1,000 m),
and by their grad ual plung ing un der the Outer Carpathian
flysch units that were thrust from the south. The max i mum el e -
va tion of this sur face is ob served in the mar ginal part of the
Up per Silesian Block, di rectly ad ja cent to the Kraków-
 Lubliniec Fault Zone, where the Lower Pa leo zoic de pos its lo -
cally subcrop at the sub-Me so zoic sur face. The top sur face of
the Pre cam brian-Lower Pa leo zoic suc ces sion shows a num -
ber of lower-or der el e vated or down thrown struc tural el e -
ments, dis placed by faults of dif fer ent am pli tudes. Morpho -
structural el e ments, man i fested on the top sur face of the Pre -
cam brian-Lower Pa leo zoic suc ces sion, re flect Pre cam brian
and Pa leo zoic tec tonic struc tures (such as anticlines, syn -
clines and horsts). De pos its of those ages subcrop at the
sub-Perm ian–Me so zoic and sub-Ce no zoic sur faces in this
part of the Up per Silesian Block (e.g., Bu³a et al., 2008)

Tak ing into ac count (1) the cur rent state of drill ing ex plo ra -
tion of the Pre cam brian and Lower Pa leo zoic suc ces sion, (2)
so-far un re solved is sues re gard ing its sed i men tary-di a strophic
de vel op ment, as well as (3) the re lief (struc ture) and depth to its
top sur face, it is pro posed to drill three fully cored bore holes to a 
planned to tal depth of 1,500 m (±10%). The main ob jec tive of
these bore holes is to ex plore the hith erto un known sec tions of
the Pre cam brian and Lower Pa leo zoic rocks in the east ern
edge of the Up per Silesian Block. The pre-de ter mined lo ca tion
(Figs. 2, 3 and 5) and pre dicted sec tions of the planned bore -
holes are as fol lows:

1. Bibiela PIG 1 bore hole, lo cated ap prox i mately 12 km NW
of Siewierz, should be drilled near the BM-152 bore hole, in
which the De vo nian de pos its are un der lain at a depth of
248.6–375.6 m by palaeontologically proven Or do vi cian rocks
in cluded in the Bibiela For ma tion (Bu³a, 2000; Jachowicz,
2005). The in tended pur pose of this drill ing is to pen e trate and
ex plore the full Or do vi cian sec tion and the top most Cam brian
se ries rep re sent ing the Mid dle Cam brian and, maybe, the Up -
per Cam brian, and to reach the top most part the Lower Cam -
brian sec tion (about 200 m).

2. Chrz¹stowice PIG 1 bore hole, lo cated near the Chrz¹sto -
wice Rch-6 bore hole ap prox i mately 10 km from Olkusz, in
which the Tri as sic is un der lain at a depth of 177.0–292.2 m by
palaeontologically proven part of the Lower Cam brian (Terrene -
uvian) sec tion rep re sent ing the Borzêta For ma tion (Bu³a and
Habryn, 2010; Jachowicz-Zdanowska, 2010, 2013). The ob jec -
tive of this bore hole is to pierce and ex am ine the lower part of
the Lower Cam brian sec tion and to reach the Pre cam brian
rocks of un known or i gin and age in this area.

3. Kraków PIG 1 bore hole, lo cated on the north ern out skirts
of Kraków near the Trojanowice 1 bore hole, in which the Ju ras -
sic is un der lain at a depth of 206–237 m by part of the Lower
Cam brian sec tion rep re sent ing the Borzêta For ma tion (Bu³a
and Jachowicz, 1996; Bu³a, 2000; Jachowicz-Zdanowska,
2010, 2013). The pur pose of this bore hole is also to ex am ine
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the bot tom sec tion of the Lower Cam brian (Terreneuvian) and
to reach the Pre cam brian that may be rep re sented in this area
by meta mor phic rocks, lithotectonically sim i lar to the Archean-
 Lower Pro tero zoic meta mor phic rocks found in the south ern
part of the Rzeszotary Horst (Bu³a and ¯aba, 2005; ¯ela -
Ÿniewicz et al., 2009).
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