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The Precambrian basement and Lower Paleozoic (Cambrian—Ordovician) sedimentary cover in the eastern part of the Upper
Silesian Block (Brunovistulicum), known only in boreholes, is presented, and their palaeogeographic, facies and
palaeotectonic development is discussed. The former is characterized by a heterogeneous structure that consists of
Archean-Lower Proterozoic and Neoproterozoic rocks of different lithologies and origins, and the latter is almost exclusively
represented by marine, transitional and terrestrial siliciclastic rocks. In contrast to the neighbouring region of the western part
of the Matopolska Block, the siliciclastic sedimentation took place during the Early and Middle Cambrian in this area, how-
ever, the Ordovician deposits were encountered in several boreholes and no Silurian rocks have been reported in the north-
ern part of this region. The authors present the most probable model of sedimentation, tectonics and origin of the geological
structure of the Lower Paleozoic sedimentary cover in the Upper Silesian Block, define research problems, and justify the
need for new drillings. Based on the geological and structural analysis of the depth to the top surface of the Lower Paleozoic,
they define the optimal location for three 1500 m deep boreholes to solve the basic research problems.
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INTRODUCTION

The Upper Silesian Block, located in southern Poland in
Lower and Upper Silesia and western Matopolska (Kotas,
1982, 1985; Buta and Zaba, 2005, 2008; Buta et al., 2008), is
part of a larger tectonic unit known as the complex terrane
Brunovistulicum (or Brunovistulian). It also includes the Brno
Block located in Moravia, the Czech Republic (Dudek, 1980;
Kotas, 1982, 1985; Finger et al., 2000; Buta and Zaba, 2005;
Zelazniewicz et al., 2009, 2011). The boundary between the
Upper Silesian Block and the Brno Block is marked by the Hana
Fault interpreted as the southeastern extension of the Labe
Fault (Fig. 1; Buta and Zaba, 2005; Buta et al., 2008 and refer-
ences therein). The view presented by the authors is different
than that expressed by Finger et al. (2000) and Kalvoda et al.
(2003) who argued that the northern boundary of the Brno
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Block is situated within the Central Basic Belt that separates the
Thaya and Slavkov terranes.

The northern part of the Brunovistulicum extends from the
Vienna—Brno—Wroctaw line in the west to the Odra Fault Zone
in the north, and to the Krakéw-Lubliniec Fault Zone in the
north-east, which adjoins the Matopolska Block (Fig. 1; Buta
and Zaba, 2005, 2008; Buta et al., 2008). The western bound-
ary of the Brunovistulicum, at the contact with the Moldanu-
bicum of the Bohemian Massif (Moravo-Silesian Fault Zone),
shows a complex geological nature. It is delineated by the
Diendorf and Boskovice faults and by the Svojanov, Nyznerov
and Strzelin thrusts included in the Moldanubian Thrust Zone
(Franke and Zelazniewicz, 2000; Oberc-Dziedzic et al., 2001,
2003; Buta and Zaba, 2005). The southern part of the Bruno-
vistulicum is the basement of the Outer Carpathians and ex-
tends at least to the Peri-Pieniny Fault Zone (Fig. 1).

The Precambrian basement of the Brunovistulicum has
been explored by boreholes drilled in the southern, sub-
Carpathian part of this tectonic units in the area between Brno
and Krakoéw. Anchimetamorphic, metamorphic and igneous
rocks that constitute the basement locally subcrop at the sub-
Cenozoic surface. They are exposed on the surface in the west-
ern part of the Brno Block, near Olomouc in several isolated
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Fig. 1. Tectonic position of Brunovistulicum (after Buta et al., 2008)

outcrops, and in the Jeseniky Massif and the Strzelin Massif
(Buta and Zaba, 2005, 2008; Leichmann et al., 2006; Buta et al.,
2008; Zelazniewicz et al., 2009). Over the remaining area, the
Precambrian basement of the Brunovistulicum has not been
explored yet. In the northwestern part of this tectonic unit, within
the Moravo-Silesian Fold and Thrust Belt, the basement is cov-
ered with the Variscan metamorphic successions of an accre-
tionary wedge, including Lower Carboniferous flysch deposits
attaining several kilometres in thickness (Otava et al., 1994;
Kalvoda et al., 2008). In the northeastern part, within the Upper
Silesian Foredeep, as we move from the south and south-east
towards the north-west, the basement gradually dips under-
neath a thickening (from a few hundred metres to more than
6 km) sedimentary cover of the Cambrian—Ordovician (epi-
Cadomian) structural level and the Variscan structural level.
The latter is represented by Lower Devonian clastics (Old Red
facies), Middle—Upper Devonian and Lower Carboniferous car-
bonates, Lower Carboniferous Culm-type siliciclastics and Up-
per Carboniferous coal-bearing molasse deposits forming the
Upper Silesian Coal Basin (USCB).

This paper deals with the present-day state of recognition of
the geological structure of the Precambrian basement and the
Lower Paleozoic (Cambrian—Ordovician) sedimentary cover in
the eastern part of the Upper Silesian Block. This area is situ-
ated between the Ortowa-Boguszowice Thrust in the west and
the Krakoéw-Lubliniec Fault Zone in the north-east, and marks
the boundary between the Upper Silesian (Brunovistulicum)
Block and the Matopolska Block. Against this background, the
paper points out to the fundamental, but yet unresolved prob-
lems relating to the geological evolution of the above-men-
tioned rock complexes, and presents possible solutions by drill-
ing new test boreholes.

PRECAMBRIAN BASEMENT

In the eastern part of the Upper Silesian Block, the Precam-
brian basement is well-explored only in its southern portion.
Crystalline and anchimetamorphic rocks, which constitute the
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basement, have been drilled by 22 boreholes in the area lo-
cated to the south of the Pszczyna—Zator—Krakéw line, where
they underlie different age deposits representing the Lower
Cambrian, Jurassic and Miocene (Fig. 2; Moryc and Heflik,
1998; Buta, 2000; Buta and Zaba, 2005). In this part of the Up-
per Silesian Block, the Precambrian basement is represented
by three zonally arranged rock complexes, different in terms of

origin and age (Buta and Zaba, 2005, 2008; Zelazniewicz et al.,
2009). They were distinguished and defined on the basis of
geophysical data (gravimetry, magnetometry, seismicity), lithol-
ogy, and determinations of absolute age carried out on zircons
extracted from rock samples collected from the Kety 8,
Roztropice 3, Roczyny 3, todygowice IG 1, Slemien 1,
Lachowice 4 and Rzeszotary 2 boreholes (SHRIMP), as well as
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https://gq.pgi.gov.pl/article/view/8118/pdf_224
https://gq.pgi.gov.pl/article/view/8118/pdf_224
https://gq.pgi.gov.pl/article/view/7506/6156
https://gq.pgi.gov.pl/article/view/7506/6156

126 Zbigniew Buta, Ryszard Habryn, Monika Jachowicz-Zdanowska and Jerzy Zaba

on muscovite from Krasna 1 (K-Ar). A comparative dating anal-
ysis of lithologically and petrographically similar rocks that were
found in neighbouring boreholes, was also used.

From the south and west towards the north and east, there
are the following complexes (Fig. 2):

1 — complex of Neoproterozoic (660-556 Ma) crystalline
(metamorphic and igneous) rocks found in the Cie-
szyn—Zywiec—Bielsko-Biata—Andrychéw—Kety area. The
rocks continue to the south-west as far as the Brno region
in the Czech Repubilic;

2 — complex of Ediacaran anchimetamorphic flysch-type
siliciclastics, strongly tectonically deformed and locally
phyllitized. This rock complex has been examined in a
narrow belt stretching from Goczatkowice through
Piotrowice—Wysoka—Potrojna to the Lachowice area. On
the south and west, it adjoins the above-mentioned com-
plex of Neoproterozoic crystalline rocks;

3 — complex of Paleoproterozoic (2.0 Ga) crystalline (meta-
morphic) rocks with inherited Archean elements of 2.7 Ga
age. These rocks have been examined in the Rzeszo-
tary—Wisniowa region (south of Krakéw) within a sub-
southern structural element — the Rzeszotary Horst.

Previous lithological, petrographic and radiometric studies
of Precambrian basement rocks in the eastern part of the Up-
per Silesian Block prove its complex, heterogeneous struc-
ture. Buta and Zaba (2005, 2008) and Zelazniewicz et al.
(2009) relate the tectonometamorphic evolution of Neopro-
terozoic crystalline and anchimetamorphic rocks of complexes
1 and 2 to the Cadomian (Cadomian—Avalonian) tectonic pro-
cesses. However, in their opinion, the Neoproterozoic crystal-
line rocks (complex 2) represent the inner part of the Cado-
mian orogen (Cadomian internides), and the Ediacaran
anchimetamorphic flysch-type siliciclastics (complex 2) form
its outer part (Cadomian externides). According to those au-
thors, the crystalline rocks in the Rzeszotary Horst (complex
3), which formed as a result of Archean-Early Proterozoic tec-
tonic and metamorphic processes, are part of the Cadomian
orogen foreland.

The Neoproterozoic crystalline and anchimetamorphic
rocks (complexes 1 and 2) have been assigned by Zela-
Zzniewicz et al. (2009) to the Slavkov Terrane, while the
Archean-Lower Proterozoic crystalline rocks (complex 3) — to
the Rzeszotary Terrane. The boundary between the two differ-
ent age crustal fragments, constituting the Precambrian base-
ment of the eastern part of the Upper Silesian Block, is not
known.

Complexity of the geological structure of the Precambrian
basement, observed in this part of the Upper Silesian Block,
makes it difficult to predict its characteristics in the remaining,
hitherto unexplored part of this tectonic unit comprising an
area situated north and east of the Goczatkowice—Piotro-
wice—Wysoka—Potréjna line as far as the Krakow-Lubliniec
Fault Zone (Fig. 2).

The variability of the geological structure of the Precam-
brian basement in the eastern part of the Upper Silesian Block
was previously assumed by Kotas (1972, 1982, 1985), based
mostly on the results of geophysical magnetic surveys. Using
those results, he presented a number of options regarding the
internal structure of the Precambrian basement, and distin-
guished within the basement a number of structural elements

defined as microplates or blocks. A common characteristic fea-
ture of the Precambrian basement subdivision schemes, pro-
posed by Kotas (1972, 1982, 1985), is a similar direction of the
individual structural elements that run longitudinally (W-E) in
the western part, and change their direction to submeridional
(NNW-SSE) further to the east. Kotas (1972) drew special at-
tention to the two large, merging positive magnetic anomalies of
Jordandw and Tychy, clearly marked in the eastern part of the
Upper Silesian Block. Kotas (1985) linked their origin with alka-
line magmatism (the presence of diabases) that developed
within the Precambrian basement along the axis of these anom-
alies, and/or with metamorphosed ophiolites. A similar origin of
the Jordandéw and Tychy anomalies was proposed by Bojdys et
al. (1982), who suggested their origin due to the presence of
gabbros, excluding the possibility of any occurrence of ultra-
basites.

Taking into account the current state of knowledge on the
Precambrian basement in the eastern part of the Upper Silesian
Block, Buta and Zaba (2008) assumed that the axis of the
Jordanéw and Tychy positive magnetic anomalies, whose ori-
gin is associated with unknown alkaline magmatic rocks (they
are beyond the reach of so-far drilled deep boreholes; Kotas,
1972; Bojdys et al., 1982), determines the course of the contact
zone (tectonic suture) between two crustal elements forming
the Precambrian basement in this area: the Archean-Lower
Proterozoic element and the Neoproterozoic (Cadomian) ele-
ment. According to Zelazniewicz et al. (2009), the contact zone
runs between the Rzeszotary and Slavkov terranes. The
above-discussed view, postulated by Buta and Zaba (2008), is
supported by the fact (Fig. 2) that Neoproterozoic (Cadomian)
crystalline and anchimetamorphic rocks of the Slavkov Terrane
are surrounded on the north, north-east and east by a belt of the
merged Jordanéw and Tychy anomalies. On the eastern side of
the Jordanéw anomaly, there are Archean-Lower Proterozoic
crystalline rocks of the Rzeszotary Terrane.

According to Buta and Zaba (2008), the Precambrian base-
ment of the Upper Silesian Block, in its unexplored part situated
between the axis of the Jordanéw and Tychy positive magnetic
anomalies and the Krakéw-Lubliniec Fault Zone constituting the
boundary between the Upper Silesian and Matopolska blocks,
is composed of the Archean-Paleoproterozoic crystalline rocks
(complex 3).

Another version of the geological structure of the Precam-
brian basement in this part of the Upper Silesian Block is postu-
lated in Zelazniewicz et al. (2009) by its leading author, who as-
sumes the continuation of the Ediacaran anchimetamorphic
flysch-type siliciclastics (complex 2) from the Goczatko-
wice—Piotrowice—Wysoka—Potréjna—Lachowice region towards
the north and north-east to the Krakéw-Lubliniec Fault Zone.
Zelazniewicz et al. (2009) are of the opinion that Ediacaran
flysch of the Upper Silesian Block is in contact along this fault
zone with coeval and litho-tectonically similar flysch deposits of
the Matopolska Block (Fig. 2). The Ediacaran flysch of the
Matopolska Block underlies deposits of different ages: Paleo-
zoic (from Ordovician to Permian), Mesozoic (Triassic and Ju-
rassic) and Cenozoic (Miocene) (Buta and Habryn, 2008).

Explanation of the above-mentioned different views on the
geological structure of yet unknown part of the Precambrian
basement in the eastern part of the Upper Silesian Block re-
quires further drilling exploration.
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LOWER PALEOZOIC SEDIMENTARY
COVER

The Lower Paleozoic sedimentary cover in the eastern part
of the Upper Silesian Block is represented by non-metamor-
phosed Cambrian siliciclastic and Ordovician siliciclastic-car-
bonate rocks. The degree of exploration of these rocks is very
uneven and generally weak (Fig. 3). Itis not only due to a highly
diverse and mostly considerable depth to the rocks, but also re-
sults from the lack of adequately deep boreholes designed ap-
propriately to their structure and thickness.

Rocks of the Lower Paleozoic sedimentary cover, repre-
sented by Lower Cambrian siliciclastics, have been more thor-
oughly explored in the southern portion of the eastern part of
the Upper Silesian Block, in the area situated south of Jastrze-
bie-Zdr6j—Pszczyna—Zator—Krakoéw. They were encountered
in 32 deep boreholes (1,500-5,000 m) — including most of
those that have reached the Precambrian basement (see
Figs. 2 and 3).

Cambrian deposits of this area, of different thicknesses
from several to more than 1,400 m, are overlain directly by the
Devonian (mainly Lower Devonian) or Jurassic rocks, and they
rest discordantly upon genetically diverse Precambrian rocks of
different ages (Buta and Jachowicz, 1996; Buta, 2000; Buta and
Zaba, 2005; Pacze$na, 2005).

The Cambrian rocks, similar in lithology and facies to those
observed in the above-mentioned part of the Upper Silesian
Block, have also been found in its easternmost margin adjacent
to the Krakéw-Lubliniec Fault Zone, in the area between Sie-
wierz, Olkusz and Krakow (Fig. 3). Lower Cambrian sections of
various thickness (from 30 m to 200 m) were drilled in that area
in twelve shallow boreholes with depths of 120-600 m, and the
two deep boreholes of Klucze 1 and Ogrodzieniec 2 — 2,100 m
and 2,006 m deep, respectively (Buta, 2000; Buta and Habryn,
2010; Habryn et al., 2014). In this region, the Lower Cambrian
strata are overlain directly by the Devonian, Triassic and Juras-
sic deposits.

The Cambrian age of siliciclastic rocks that underlie the De-
vonian, Triassic or Jurassic in the above-mentioned areas of
the eastern part of the Upper Silesian Block, has been proved
by palynological studies (acritarch determinations) conducted
in 18 boreholes (Buta and Jachowicz, 1996; Jachowicz-
Zdanowska, 2010, 2013), and on the basis of trilobites in the
Goczatkowice IG 1 borehole (Ortowski, 1975). According to the
new stratigraphic scheme of the Cambrian system (Gradstein
et al.,, 2012), these are Terreneuvian and Series 2 deposits
(Fig. 4; Jachowicz-Zdanowska, 2013).

Two main lithostratigraphic units have been identified and
defined in the studied Lower Cambrian sections: the Borzeta
Formation and the Goczatkowice Formation (Buta and Jacho-
wicz, 1996; Buta, 2000), which have been divided into lower-
order lithostratigraphic units — members (Fig. 4; Buta, 2000;
Buta and Zaba, 2005; Buta and Habryn, 2010). The Borzeta
Formation consists of three members: Myslenice Claystones
Member, Osieczany Mudstones Member and Rajbrot Sand-
stones Member, while the Goczatkowice Formation is repre-
sented by four subunits: Mogilany Scolithos Sandstones
Member, Gtogoczéw Bioturbated Sandstones Member,
Pszczyna Mudstones with Trilobites Member and Jarzgabko-
wice claystones (informal unit).

The Lower Cambrian clastic deposits from this part of the
Upper Silesian Block, often containing ichnotaxonomically and
ethologically diverse trace fossil associations, are character-
ized by high facies variability. They were deposited in terres-
trial (braided rivers and alluvial fans), transitional (fan and
braided deltas), and marine (shoreface and offshore) environ-
ments (Paczesna and Poprawa, 2001; Paczesna, 2005,
2014). Distinct lithological and facies variability is observed
mainly in the vertical section of Lower Cambrian deposits. The
Borzeta Formation deposits, representing a regressive litholo-
gical-facies sequence, were deposited in a gradually shallo-
wing marine basin (Buta, 2000). The Myslenice Member de-
posits developed in the lower offshore zone, the Osieczany
Mudstone Member deposits accumulated in the distal and
proximal offshore zone, and the deposition of the Rajbrot
Sandstones Member occurred in the shoreface zone (Pacze-
$na, 2014). The Goczatkowice Formation deposits show the
characteristic features of a transgressive lithological-facies
sequence (Bufa, 2000). This formation starts with coarse-
clastic deposits of the Mogilany Scolithos Sandstones Mem-
ber, which were initially deposited in terrestrial environments
(mainly alluvial sediments) and later in terrestrial-shoreface
environments — i.e. at the mouths of deltas and in the upper
shoreface zone (Paczesna, 2005). Deposits representing the
upper part of this formation accumulated in a marine environ-
ment. The Glogoczéw Bioturbated Sandstones Member de-
posits accumulated in the upper and middle shoreface, the
Pszczyna Mudstones with Trilobites Member — in the lower
shoreface and upper offshore zone (Paczesna, 2005), and the
Jarzabkowice claystones — probably in the lower offshore en-
vironment. It should be emphasized that the Goczatkowice
Formation deposits are characterized by a considerable lat-
eral extent. Their stratigraphic and lithologic-facies equiva-
lents occur in the Czech Republic, in the Brno Block (Buta et
al., 1997; Jachowicz and Pfichystal, 1997; Vavrdova et al.,
2003; Jachowicz-Zdanowska, 2013).

A 95 m thick partial section of the Middle Cambrian (Series
3) clastics from the eastern part of the Upper Silesian Block was
examined so far only in the Sosnowiec IG 1 borehole at a depth
0f 3156.0-3442.6 m (Fig. 3). These deposits underlie the Lower
Devonian, and their stratigraphic position is defined by palyno-
logical data (Buta and Jachowicz, 1996; Jachowicz-Zdano-
wska, 2013). They have been distinguished as the Sosnowiec
Formation (Fig. 4; Buta, 2000). The upper part of the formation
(with a thickness of about 177 m) is represented by fine-grained
siltstones and sandstones. The lower part (unpierced in this
borehole) is composed of an 18 m thick complex of variably
grained sandstones with admixture of fine gravel, which has
been distinguished as the Radocha Member of variably grained
sandstones and pebbles with fine gravel (Kowalczewski, 1990;
Buta, 2000).

Deposits representing the upper part of the Sosnowiec
Formation accumulated in a marine environment, as eviden-
ced by, among others, the presence of remains of inarticulate
brachiopods and acritarchs (Biernat and Balinski, 1973;
Jachowicz-Zdanowska, 2013), probably in the lower shore-
face and upper offshore. Depositional environment of these
variably grained and gravelly sandstones of the Radocha
Member has not yet been determined; perhaps they devel-
oped in a transitional, terrestrial-marginal marine environment.
The Middle Cambrian deposits in the Sosnowiec IG 1 borehole
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are cosscut by an igneous intrusion with the apparent thick-
ness of 92 m.

The Lower Paleozoic sedimentary cover in the eastern
part of the Upper Silesian Block also includes Ordovician ma-
rine siliciclastic-carbonate deposits, whose fragmentary sec-
tions, 75 to 102 m in length, occur under the Devonian or Tri-
assic in four shallow boreholes (300-650 m deep): BM-152,
24-WB, 43-WB and 45-WB, situated north of the Sosno-
wiec—Siewierz line (Fig. 3; Buta, 2000; Jachowicz, 2005). Or-
dovician marine deposits of this area, stratigraphic position
(Darriwilian—Sandbian/Katian) of which is determined based
on conodonts (Siewniak-Madej and Jeziorowska, 1978), acri-
tarchs (Jachowicz in Gtadysz et al., 1990; Buta and Jacho-
wicz, 1996; Jachowicz, 2005) and brachiopods (Piekarski et
al., 1985), are included in the Bibiela Formation (Fig. 4; Buia,
2000) represented by dark grey and celadon-grey, mostly si-
licified clays (rare mudstones). The rocks are accompanied by
thin interbeds of light grey fine-grained quartz sandstones and
grey silicified dolomites.

The current state of knowledge and results of research on
the Paleozoic deposits in the eastern part of the Upper Silesian
Block undoubtedly reveal a number of unresolved problems re-
lating to the history of the sedimentary development on one
hand, and on the other hand they allow specifying — to a limited
extent — the accuracy of the tectonic constraints on their
deposition.

The results of stratigraphic investigations of the Cambrian
and Ordovician in the study area clearly indicate some gaps in
the knowledge on their sections (Fig. 4; Buta and Jachowicz,
1996; Buta, 2000; Jachowicz, 2005; Jachowicz-Zdanowska,
2013). There are no data on the Lower Cambrian (Go-
czatkowice Formation)/Middle Cambrian (Sosnowiec Forma-
tion) transition deposits. The unexplored deposits span the
section between the lower Middle Cambrian (Sosnowiec For-
mation) and the Upper Ordovician (Bibiela Formation). There-
fore, it is impossible to reconstruct the depositional develop-
ment during the period from the late Early Cambrian through
the Early Ordovician. Among the unresolved issues are the
following:

— did the Cambrian deposits develop in sedimentary conti-
nuity with the Ordovician, or there are stratigraphic (sedi-
mentary, erosional) gaps and tectonic unconformities in
the sections?,

— did Upper Cambrian deposits accumulate at all?

since they have not been encountered in any of the previously
drilled boreholes.

A distinctive, clearly marked feature of the Paleozoic depos-
its (usually underlying the Devonian) from this part of the Upper
Silesian Block is their zonal pattern (Fig. 3). It is expressed in
the fact that progressively younger Lower Paleozoic deposits
subcrop beneath the Devonian surface when moving from the
south-east and south to the north-west and north — from Early
Cambrian (Terreneuvian) through Ordovician. The reason for
the zoning is interpreted by Buta (2000) and Buta and Zaba
(2005) as being the result of migration of depocentres in the
Early Paleozoic basin of the Upper Silesian Block, especially
well-manifested after the Early Cambrian: in the Middle Cam-
brian, Ordovician and probably even later — in the Silurian. The
possibility of deposition during the Silurian in the western part of
the Upper Silesian Block is suggested by the presence of rocks

representing this system, found in an allochthonous position
near Stinava in the Brno Block (Czech Republic; see Buta and
Zaba, 2005 and references therein).

The earlier, Early Cambrian stage of depositional develop-
ment of the Early Paleozoic basin in the Upper Silesian Block
was also characterized by a zonal pattern of depocentres. The
distribution of the Lower Cambrian Borzeta Formation deposits,
representing a regressive lithological-facies sequence, indi-
cates that they were deposited only in the easternmost, mar-
ginal part of the Upper Silesian Block adjacent to the Krakéw-
Lubliniec Fault Zone (Figs. 2 and 3). Stratigraphic and litho-
facies equivalents of the formation have not been found in any
of the boreholes that reached Precambrian rocks in the area sit-
uated to the west of the Lachowice—Potréjna—\Wysoka line.

Precambrian rocks of this area are directly overlain by a
younger Lower Cambrian lithostratigraphic unit — the
Goczatkowice Formation. Deposits of this formation, represent-
ing a transgressive lithological-facies sequence and overstep-
ping the Borzeta Formation deposits, are characterized by a
wide extent in the Upper Silesian Block, as well as by the pres-
ence of their stratigraphic and lithologic-facies equivalents also
in the Brno Block. In the eastern part of the Upper Silesian
Block, the thickness of the Goczatkowice Formation increases
from the south and west towards the east and north. To the
east, the thickness of the lower member of the formation — the
Mogilany Scolithos Sandstones Member — is many times
greater: from about 100 m to over 1,400 m. The maximum thick-
ness of the member was found in the Ogrodzieniec 2 (800 m),
Mogilany 1 (1,400 m) and Gtogoczéw IG 1 (1,200 m) boreholes
(Fig. 3), but the deposits have not been pierced.

At this point, we should mention the lack of Cambrian de-
posits in the southwestern edge of the Matopolska Block, pres-
ently adjoining the Upper Silesian Block along the Krakdéw-
Lubliniec Fault Zone (Figs. 2 and 3). The Ediacaran rocks are
directly overlain in this area by Ordovician or younger deposits
(Silurian through Miocene; Buta and Zaba, 2005; Buta and
Habryn, 2008). According to Buta and Habryn (2011), this part
of the Matopolska Block was an eroded land area in Cambrian
times as a result of Cadomian uplifting movements.

Poprawa (2006) carried out a one-dimensional analysis of
tectonic subsidence and deposition rate of Lower and Middle
Cambirian siliciclastic deposits in the Upper Silesian Block
based on data from 10 boreholes. He has shown varied and
generally high subsidence and deposition rates up to about
80 m/My and up to about 180—-200 m/My, respectively. The
subsidence and deposition rates increase towards the north-
eastern and eastern edge of the Upper Silesian Block. During
the deposition of Cambrian sediments, a single phase of in-
tense tectonic subsidence was clearly marked. Poprawa
(2006), bearing in mind the incomplete knowledge on the na-
ture of the Cambrian tectonic subsidence and deposition
rates, as well as the directions of thickness changes of the de-
posits, assumed two alternative models of the Cambrian basin
development in the Upper Silesian Block:

— as a flexure-related collisional foredeep,

— as a post-orogenic gravity-induced collapse basin.

As pointed out by him, none of these models is fully con-
firmed at this stage of knowledge of the Cambrian and Precam-
brian successions.
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It should be noted that Poprawa (2006), providing the
characteristics of geotectonic mechanisms of the Cambrian
basin development in the Upper Silesian Block, did not take
into account the heterogeneity and complexity of the geologi-
cal structure of the Precambrian basement, which is dis-
cussed in Buta and Zaba (2005) and Zelazniewicz et al. (2009)
as well as in this paper. There is a high probability that the indi-
vidual structural elements of the basement were variably af-
fected by tectonic (uplifting or downdropping) movements dur-
ing the collisional (as assumed by Poprawa, 2006) develop-
ment of the Cambrian basin. This may have resulted both in
the observed variations in the subsidence and deposition
rates of the Lower Cambrian sediments, and in the migration
of depocentres.

Relationships between the geological structure of the Pre-
cambrian basement and the characteristic features of the de-
velopment of Lower Cambrian deposits were pointed out by
Buta and Habryn (2010), who noted that, e.g., the Borzeta For-
mation deposits are limited only to the area where the Precam-
brian basement is composed of Archean—-Lower Proterozoic
rocks of the Rzeszotary Terrane. The Goczatkowice Formation
is thinnest in the Slavkov Terrane composed of Neoproterozoic
rocks. The Mogilany Scolithos Sandstones Member, which is
the lower member of the Goczatkowice Formation, attains the
maximum thickness in the contact zone between the Rze-
szotary and Slavkov terranes. The age of these sediments, cor-
related with the Platysolenites Zone, was documented so far
only in the Brno Block (Vavrdova et al., 2003; Jachowicz-
Zdanowska, 2013)

IMPLICATIONS FOR THE FUTURE

The current state of knowledge on Precambrian and Paleo-
zoic rocks in the eastern part of the Upper Silesian Block, as is
clear from the above-presented considerations, significantly
limits a reliable interpretation of their sedimentary-diastrophic
development. Many of the issues regarding this problem re-
main hypothetical. The problems and controversial views, pre-
sented in the previous chapters of this paper, can be resolved
and verified (at least partially) by properly planned drilling explo-
ration to examine the Precambrian and Lower Paleozoic
succession.

The possibility of drilling into Precambrian and Paleozoic
rocks in the eastern part of the Upper Silesian Block is limited
primarily because they rest at considerable depths under a vari-
ably thick cover of Devonian-Carboniferous, Permian-Meso-
zoic and Cenozoic deposits (including flysch deposits of the
Outer Carpathians).

The top surface of these deposits is characterized by very
high relief variations from 170 m a.s.l. to 6,000 m b.s.l. It is il-
lustrated on the structural map of the top of Precambrian and
Lower Paleozoic formations (Fig. 5). Based on available carto-
graphic materials (Buta and Kotas, 1994; Jureczka et al,,
2005; Buta and Habryn, 2008), we used the principle of extrap-
olation “into the depths” with the method of positive superposi-
tion. Also, the main zones of discontinuities such as faults and
overthrusts with their slips and dips appropriately extrapolated

“into the depths”, were adopted after the above-mentioned au-
thors.

There is a clear trend of gradual declining towards a deep
depression, the centre of which is located in the Zory—Orzesze
region. The uneven trend in the decline of this surface (to more
than 6,000 m b.s.l.) is also observed in the area located to the
south of Krakéw. This is the result of intense faulting of the Pa-
leozoic deposits by high-amplitude faults (even over 1,000 m),
and by their gradual plunging under the Outer Carpathian
flysch units that were thrust from the south. The maximum ele-
vation of this surface is observed in the marginal part of the
Upper Silesian Block, directly adjacent to the Krakow-
Lubliniec Fault Zone, where the Lower Paleozoic deposits lo-
cally subcrop at the sub-Mesozoic surface. The top surface of
the Precambrian-Lower Paleozoic succession shows a num-
ber of lower-order elevated or downthrown structural ele-
ments, displaced by faults of different amplitudes. Morpho-
structural elements, manifested on the top surface of the Pre-
cambrian-Lower Paleozoic succession, reflect Precambrian
and Paleozoic tectonic structures (such as anticlines, syn-
clines and horsts). Deposits of those ages subcrop at the
sub-Permian—Mesozoic and sub-Cenozoic surfaces in this
part of the Upper Silesian Block (e.g., Buta et al., 2008)

Taking into account (1) the current state of drilling explora-
tion of the Precambrian and Lower Paleozoic succession, (2)
so-far unresolved issues regarding its sedimentary-diastrophic
development, as well as (3) the relief (structure) and depth to its
top surface, it is proposed to drill three fully cored boreholes to a
planned total depth of 1,500 m (£10%). The main objective of
these boreholes is to explore the hitherto unknown sections of
the Precambrian and Lower Paleozoic rocks in the eastern
edge of the Upper Silesian Block. The pre-determined location
(Figs. 2, 3 and 5) and predicted sections of the planned bore-
holes are as follows:

1. Bibiela PIG 1 borehole, located approximately 12 km NW
of Siewierz, should be drilled near the BM-152 borehole, in
which the Devonian deposits are underlain at a depth of
248.6-375.6 m by palaeontologically proven Ordovician rocks
included in the Bibiela Formation (Buta, 2000; Jachowicz,
2005). The intended purpose of this drilling is to penetrate and
explore the full Ordovician section and the topmost Cambrian
series representing the Middle Cambrian and, maybe, the Up-
per Cambrian, and to reach the topmost part the Lower Cam-
brian section (about 200 m).

2. Chrzastowice PIG 1 borehole, located near the Chrzasto-
wice Rch-6 borehole approximately 10 km from Olkusz, in
which the Triassic is underlain at a depth of 177.0-292.2 m by
palaeontologically proven part of the Lower Cambrian (Terrene-
uvian) section representing the Borzeta Formation (Buta and
Habryn, 2010; Jachowicz-Zdanowska, 2010, 2013). The objec-
tive of this borehole is to pierce and examine the lower part of
the Lower Cambrian section and to reach the Precambrian
rocks of unknown origin and age in this area.

3. Krakéw PIG 1 borehole, located on the northern outskirts
of Krakéw near the Trojanowice 1 borehole, in which the Juras-
sic is underlain at a depth of 206—237 m by part of the Lower
Cambrian section representing the Borzeta Formation (Buta
and Jachowicz, 1996; Buta, 2000; Jachowicz-Zdanowska,
2010, 2013). The purpose of this borehole is also to examine
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Fig. 5. Geological-structural map of the top surface of Precambrian and Lower Paleozoic (compilation based on Buta and Habryn, 2008)

For other explanations see Figure 3
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the bottom section of the Lower Cambrian (Terreneuvian) and
to reach the Precambrian that may be represented in this area
by metamorphic rocks, lithotectonically similar to the Archean-
Lower Proterozoic metamorphic rocks found in the southern
part of the Rzeszotary Horst (Buta and Zaba, 2005; Zela-
zniewicz et al., 2009).
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