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The Paleozoic Platform comprises the southwestern half of the Polish territory, separated from the Precambrian East Euro-
pean Platform (EEP) by a NW-SE trending subvertical lithospheric-scale discontinuity — the Teisseyre-Tornquist Zone. In
the present study, the Paleozoic Platform basement is subdivided based on geological and geophysical evidence acquired
during the last decades, including deep seismic refraction and reflection results, as well as gravity, magnetic and
magnetotelluric data. The units adjacent to the EEP, the Mid-Polish Domain (comprising the Lysogéry Block) and the Pomer-
anian Block, are characterized by a thinned three-layer EEP-type crystalline crust (age 1.7-3.7 Gy). Their oldest platform
cover is probably composed of thick Ediacaran syn-rift sedimentary and volcanic rocks. Their western extension in the con-
tiguous German and Baltic area can be traced as far as the East Elbian Massif and Thor Suture based mainly on magnetic
anomaly patterns. The Upper Silesian and Matopolska blocks located in SE Poland are characterized by Cadomian
(660—600 My) basement overlain by the thick deformed Ediacaran foredeep deposits. Whereas the units with the EEP-type
basement are interpreted as proximal terranes displaced along the EEP margin during the late Early Paleozoic, the blocks
with a Cadomian basement are conceived as exotic terranes of a possible Gondwanan provenance. All these terranes were
accreted ultimately during the final, latest Silurian stages of the Caledonian deformation although the exact scenario of the
amalgamation remains hypothetical. The Sudetic Domain in SW Poland is a collage of different crustal units juxtaposed ulti-
mately in the Pennsylvanian (ca. 310 Ma) during the final episodes of the Variscan Orogeny. Their northern boundary corre-
sponds to the Rheic Suture traceable in magnetic and gravity anomalies pattern along the northern margin of the
Wolsztyn—Leszno High, and continuing westwards along the Mid-German Crystalline High. The arcuate trace of the suture in
the NE is dextrally displaced along the Odra Fault, and continues southwards where it is mapped as the Moravian—Silesian
Suture.

=

Key words: potential fields, seismics, basement units, Paleozoic Platform, Poland, Caledonides.

INTRODUCTION 2010), remains poorly known. The structure and history of this
area has been central to a long-lasting controversy on the na-
ture and scenario of the Early Paleozoic and Variscan crustal

The NW-SE trending tectonic lineament, the Teisseyre-  accretion in Central Europe (Dadlez et al., 1994, 2005; Pha-

Tornquist Zone (TTZ) subdivides the territory of Poland into
major geological provinces: the East European Platform (EEP)
in the NE and the Paleozoic Platform in the SW (Fig. 1). The
TTZ corresponds to a major lithospheric boundary separating
the cold cratonic, 200 km thick lithosphere of the EEP from the
much thinner (90-120 km) and hotter lithosphere of the Paleo-
zoic Platform (Wilde-Pidrko et al., 2010).

The Precambrian crystalline basement of the EEP, al-
though not exposed at the surface, is nevertheless relatively
well-studied owing to numerous boreholes and detailed poten-
tial-field mapping (Kubicki and Ryka, 1982; Krzeminska et al., in
press). In contrast, most of the deep basement south-west of
the TTZ, belonging mainly to the extensive Paleozoic Platform
of Central and Western Europe (Ziegler, 1990; Guterch et al.,
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raoh, 1999; Winchester et al., 2002; Pharaoh et al., 2006).

In the last two decades the deep structure of Poland has
been studied during successive deep wide-angle reflection/re-
fraction (WARR) seismic projects (summarized by Guterch and
Grad, 2006; Guterch et al., 2010; Narkiewicz et al., 2011) and
by means of potential field mapping and modeling (Grabowska
and Bojdys, 2001; Krolikowski, 2006; Petecki, 2008). Of partic-
ular importance are the new results of magnetic investigations
that contributed to detailed mapping of regional basement units
differing in magnitude and pattern of magnetic anomalies
(Petecki, 2008). Key new data with far-reaching consequences
for the geology of the Paleozoic Platform were recently supplied
by the deep reflection seismic profile POLCRUST-01 crossing
the TTZ in SE Poland (Malinowski et al., 2013, 2015;
Narkiewicz et al., 2015). Recently published results of the re-
gional reflection seismic PolandSPAN Project also provide a
new source of data on the deeper structure of the SW margin of
the EEP (Mazur et al., 2015, 2016b).

All these results justify a new attempt to review and discuss
current knowledge of the deep basement structure of Poland.
The present paper is aimed at providing an updated, concise
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Fig. 1A — tectonic sketch showing location of Poland in a broader Central European context; B — location of deep seismic
profiles and selected key boreholes within the tectonic framework of Poland

A — AM — Armorican Massif, BS — Baltic Shield, MBA — Mazury—Belarus Anteclise, STZ — Soregenfrei-Tornquist Zone, TS — Thor Suture,
TTZ — Teisseyre-Tornquist Zone; B — in orange — basement occurring at the surface (Sudetes) or in the shallow subsurface
(Fore-Sudetic Block, Bielsko—Andrychéw High — BAH, Rzeszotary Horst — RH) ; CF — Caledonian Front, CFZ — Cieszanéw Fault Zone,
HCF — Holy Cross Fault, HCMts — Paleozoic core of the Holy Cross Mountains, IZF — Izbica—Zamo$¢ Fault, PKB — Pieniny Klippen Belt,
RG - Rgnne Graben, TF — Tomaszéw Fault, VF — Variscan Front

summary of the subject. The study is focused on defining the PREVIOUS CONCEPTS
main basement units of the Paleozoic Platform and their brief
characterization, without going into details of their internal com-
position and intricacies of their origin. Inevitably, however, some
interpretative aspects will be included, and certain broader re-
gional implications are mentioned.

Detailed historical review of the long-evolving ideas con-
cerning the structure, age and nature of the basement in Poland
is beyond the scope of the present paper. The reader is referred
to Znosko (1975), Pozaryski et al. (1992) and Dadlez et al.
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Fig. 2. Previous concepts of the basement structure in Poland according to various authors

A — Pozaryski et al. (1992); B — Dadlez et al. (1994, 2005) and Dadlez (2006); C — Grad et al. (2002) and Guterch and Grad (2006),
colour patterns: pink — East European cratonic crust, orange — Variscan crust, green — Avalonia and/or other terranes not affected by
Variscan deformation, brown — Matopolska Massif (MM) crust, yellow — Carpathian crust, pink and green strips — high-velocity lower
cratonic crust with thick low-velocity cover, CDF — Caledonian Deformation Front; D — Mazur and Jarosinski (2006), abbreviations:
LEEC - cratonic lithosphere, LPP — Avalonian crust affected by Variscan deformation, LTES — Avalonian crust unaffected by
Variscan deformation, LTTZ — Baltican crust, LVP — Armorican crust, MPS — Mid-Polish Swell boundary (=Avalonia—Baltica bound-
ary), TTL — Teisseyre-Tornquist Line; other explanations as in Figure 1

(1994) for earlier summaries of the subject. This chapter briefly
summarizes syntheses of the basement structure of the Paleo-
zoic Platform in Poland published during the last few decades in
the context of competing tectonic ideas (Fig. 2).

In the 1990s two opposing concepts prevailed among lead-
ing regional geologists in Poland. Pozaryski and his collabora-
tors envisaged the TTZ as a continental-scale sinistral
strike-slip fault zone forming the NE boundary of a Caledonian
(Early Paleozoic) orogen composed of exotic terranes

(Pozaryski, 1990; Pozaryski et al., 1992; Fig. 2A). The base-
ment was interpreted as weakly metamorphosed Cadomian in
the case of the Upper Silesian Terrane, partly anchimetamor-
phosed early Caledonian—Grampian (560—-480 Ma) for the
Matopolska Massif Terrane and unspecified “folded complexes
of Caledonian Belt terranes” (pre-dating Late Cambrian) for the
tysogory Terrane. The basement consolidation of the Pomera-
nian Terrane was dated as Late Ordovician (Taconian), though
with no evidence of metamorphism (Pozaryski et al., 1992).
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The other approach, summarized by Dadlez et al. (1994;
Fig. 2B), inferred the presence of a Caledonian fold-and-thrust
belt overriding the EEP margin. The tysogéry area was re-
garded as a part of the EEP and thus characterized by the con-
tinuous cratonic basement (Dadlez, 2001). Such basement was
implied also in the case of the Matopolska area interpreted as a
hypothetical proximal terrane. The Upper Silesian Terrane was
tentatively interpreted as an exotic terrane of probable
Avalonian (Gondwanan) affinity which would imply Cadomian
basement age. In more recent papers, Dadlez et al. (2005) and
Dadlez (2006) interpreted the area to the NW of Lysogory as
proximal Kuiavian and Pomeranian terranes. The key argument
was the presence of a high P-wave-velocity (Vp) lower crust of
EEP type, extending far beyond the TTZ to the SW in the refrac-
tion seismic profiles LT-7, POLONAISE P2 and P4 (Dadlez,
1997; Guterch and Grad, 2006). The sutures separating both
terranes as well as the tectonic boundary between the Pomera-
nian Terrane and Avalonia were drawn perpendicularly to the
TTZ (Dadlez, 2000; Fig. 2B). The ca. 10 km thick crustal layer
with Vp in the range 5.7-5.9 km/s, underlying supposed Devo-
nian to recent strata, was attributed to highly deformed Lower
Paleozoic deposits (Dadlez, 2006).

Grad et al. (2002; see also Guterch and Grad, 2006) envis-
aged the 100 to 200 km wide belt along the TTZ to be com-
posed of mixed Avalonian (Gondwanan) and Baltican
(EEP-type) crust (Fig. 2C). According to their concept, the for-
mer crust is represented by a relatively low-velocity upper layer
(Vp <6.0 km/s) extending down to depths of ca. 20 km, and
underthrust by an attenuated Baltica margin corresponding to
high-velocity lower crust. In SW Poland this type of crust is
bounded along the Dolsk Fault by a characteristic “Variscan
crust” composed of a lower layer with Vp ~6.5-6.6 km/s and a
much thicker upper layer with Vp ~6.2 km/s. In southeastern
Poland, Guterch and Grad (2006: fig. 5) portrayed the
“Matopolska Massif crust” (apparently including the Upper
Silesian area) and the “crust of the Carpathians”, both types dis-
playing a thick Avalonia-type low-velocity upper crust along
their NE margins.

Mazur and Jarosinski (2006) presented a modified version
of the concept by Grad et al. (2002). According to their interpre-
tation (Fig. 2D) the Baltican (EEP-type) crust labelled as LTTZ
extends southwestwards of the TTZ as far as the present SW
margin of the Mid-Polish Swell. The latter structure is a broad
anticlinorium formed in the latest Cretaceous-earliest
Paleogene due to a structural inversion of the NW-SE trending
Permian—-Mesozoic depocentre (Dadlez et al., 1995). The
Avalonian crust extends southwestwards probably as far as the
QOdra Fault. The northeastern part of Avalonia (LTES; Fig. 2D)
was affected by collisional processes during the Early Paleo-
zoic convergence with Baltica whereas its southwestern part
(LPP) suffered Variscan deformation during later collision with
Armorica. Towards the SE, the LPP, LTES and LTTZ belts ter-
minate approximately against the Grojec Fault — a distinct tec-
tonic discontinuity affecting development of the Permian-Meso-
zoic structural complex (e.g., Dadlez et al., 1998).

In a recent paper Mazur et al. (2015) returned to the previ-
ous idea of the continuous EEP basement extending as far as
the Elbe Line in the south-west (Fig. 1A; e.g., Berthelsen, 1998;
Bayer et al., 2002). In contrast to the previous concepts, how-
ever, the TTZ was interpreted as an old Precambrian suture
overlain by a continuous Phanerozoic platform cover. This is-
sue will be more thoroughly discussed below.

TERMINOLOGICAL REMARKS

In regional geological studies, the term “basement” is usu-
ally defined as the lower part of the crust composed of intensely
deformed metamorphic or plutonic rocks, mostly unconform-
ably overlain by a sedimentary cover (Allaby and Allaby, 2003;
Neuendorf et al., 2005). Dadlez (2006) introduced the notion of
consolidated crust/basement, composed of heavily deformed
but not necessarily metamorphosed sedimentary and subordi-
nate igneous rocks. Such basement is characteristic of Paleo-
zoic platforms, as opposed to the crystalline crust/basement
consisting of metamorphic and igneous rocks typical of Pre-
cambrian platforms. More specifically, Dadlez (2006) identified
the consolidated crust in the NW and central Poland as a ca.
10-15 km thick upper crustal layer underlying Devonian—Ceno-
zoic strata and characterized by a P-wave velocity <6.0 km/s.

It should be noted that “basement consolidation” appears a
rather vague term. It is widely known that young continental
crust may be prone to strong deformation, and the degree of
tectonism and metamorphism sufficient for the “ultimate con-
solidation” of the basement can be defined only arbitrarily in
such cases. This is, for example, the case of the Variscan
(Sudetic) crust, in which the demarcation between the base-
ment and its cover appears rather ambiguous (see below, the
section on the Sudetic Domain). The degree of tectonic defor-
mation is a problematic criterion of the basement vs. cover dis-
tinction also because of widespread phenomena of
thin-skinned folding/thrusting of strata overlying undisputable
continental-type basement. For example, the Outer
Carpathians are thrust in a series of superimposed nappes
above the autochthonous Neogene platform cover in SE Po-
land (Oszczypko, 2006). Similarly, thin-skinned deformation of
Carboniferous flysch overlying Devonian—Carboniferous plat-
form strata are inferred in the Variscan Externides of SW Po-
land (Grad et al., 2002).

In conclusion, the term “consolidated basement” is here
abandoned as ill-defined and arbitrary. Further in the text
“basement” will be used in a sense of a crystalline basement,
i.e. composed of predominantly igneous and metamorphic
rocks of a mesozonal or higher grade. At the same time, the
platform cover is here understood in a broad sense, i.e. com-
prising any strata overlying the crystalline basement. Conse-
quently, the cover, as applied here, may include also weakly
metamorphosed (anchimetamorphosed, epizonal) or not meta-
morphosed strata detached and thrust upon the earlier formed
basement and its sedimentary cover.

In the following considerations, the boundaries of particular
basement units, corresponding to major crustal discontinuities,
are defined using available geological and geophysical data
discussed below. The term “block” is applied for the units that
appear relatively homogeneous with respect to their internal
crustal structure, whereas “domain” denotes regions with a
complex, not yet fully recognized deep structure.

In this study the notion of the TTZ is preferred rather than
that of the TTL (Teisseyre-Tornquist Line, e.g., Mazur and
Jarosinski, 2006; Fig. 2D). It is well-rooted in the literature and,
moreover, it seems to better reflect the nature of this ca. 15 km
wide linear tectonic zone. The TTZ defines the NE boundary of
the hundreds of kilometres-wide regional unit, the Trans-Euro-
pean Suture Zone (Dadlez et al., 2005; Narkiewicz et al., 2015),
stretching along the SW border of the EEP. The TESZ, origi-
nally defined by Berthelsen (1993), is commonly conceived as
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the Early Paleozoic accretionary belt between the TTZ and the
Variscan Orogen (Pharaoh, 1999; Dadlez et al., 2005). The
word “suture” in its name is somewhat misleading as the area in
question apparently does not correspond to a single suture. In
fact, previous investigations documented its very complex
structure comprising subordinate tectonic units with faulted
contacts. The latter probably represent (at least in part)
accretionary sutures separating basement units defined below.
For the above reasons the notion of the TESZ is avoided in fur-
ther considerations.

MATERIALS AND METHODS

Direct surface and/or borehole observations of the Paleo-
zoic Platform basement in Poland are possible only in the
southern part of the country, in the Sudetes with their immedi-
ate foreland (Mazur et al., 2006) and in the sub-Carpathian
Bielsko—Andrychéw High and Rzeszotary Horst (Buta and
Zaba, 2005, 2008; Fig. 1B). In the remaining area, the base-
ment top lies much deeper than 5 km, and consequently it can
be investigated only using geophysical techniques and/or ex-
trapolations from the well-studied areas. In this regard, the prin-
cipal approach applied in many previous studies and followed
by the present authors relies on interpretation of modern
WARR project results: from the LT-7 profile (Guterch et al.,
1994), POLONAISE'97 (Guterch et al., 1999; Janik et al., 2002)
to CELEBRATION 2000 (Guterch et al., 2003; Janik et al.,
2009; Narkiewicz et al., 2011) and SUDETES (Majdanski et al.,
2006, 2007; Grad et al., 2008). Moreover the results of the ear-
lier LT experiments have been partly reprocessed and reinter-
preted (Grad et al., 2005). The key profiles discussed below are
located in Figure 1B.

Part of the WARR profiles was interpreted by Puziewicz
(2006) by ascribing certain lithological categories to the layers
characterized by their P-wave velocities. In particular, the upper
crustal layer with Vp = 5.6-5.9 km/s was interpreted as sedi-
mentary and volcanic rocks partly metamorphosed to
greenschist facies. Consequently, in this study Vp = 6 km/s is
assumed as the boundary value defining the crystalline base-
ment top. Such assumption is consistent with the earlier re-
gional seismic refraction studies in Poland (see Mtynarski,
2002). It should be stressed that such an approach excludes
the consolidated crust of Dadlez (2006) from the basement
concept. This is in contrast to the attitude taken by Grad and
Polkowski (2015) in their synthesis of the “seismic basement” in
Poland. Although they did not define this notion in terms of Vp
constraints, it is apparent from their basement depth and Vp
distribution maps that the consolidated crust of Dadlez (2006)
has been included into the seismic basement.

Reflection seismic data used in this study are mainly de-
rived from the POLCRUST-01 profile (Malinowski et al., 2013,
2015; Narkiewicz et al., 2015). This profile provided the first de-
tailed observations on the basement top and internal structure
of the lower crust beyond the EEP in Poland. Recently pub-
lished results of the PolandSPAN Project served as an addi-
tional source of information (Mazur et al., 2015, 2016b; see
Fig. 1B for location of the profiles).

Potential field evidence includes gravity and magnetic data
(Krolikowski and Petecki, 1995; Wonik et al., 2001; Banka et al.,
2002; Petecki, 2008). Of particular importance are the magnetic
anomaly maps accurately reproducing the structure and com-
position of the crystalline basement under the sedimentary
cover (Clark, 1997). The present study was based both on pub-
lished magnetic data as well as on partly unpublished materials
collected by the late S. Wybraniec for the purposes of the

EUROPROBE Programme (Wybraniec, 1999) and the TESZ
Working Group (Banka et al., 2002). The data have been repro-
cessed in order to better visualise major regional features of the
basement structure. Lastly, results of magnetotelluric investiga-
tions have been also taken into account (Ernst et al., 2002;
Jozwiak, 2012).

BASEMENT UNITS IN SOUTHERN POLAND

The platform cover of southern Poland is thin or absent in
many places (Fig. 1B). Consequently, the basement is partly
accessible at the surface or in boreholes, and its structure can
be traced by potential field mapping more accurately than in the
northern part of the Paleozoic Platform. Owing to this, major re-
gional basement units have been generally well-defined during
previous investigations (Figs. 3 and 4), particularly in the east-
ern part of the southern Polish area.

SUDETIC DOMAIN

The Sudetic Domain is here distinguished as the NE part of
the Bohemian Massif outcropping in the West and Central
Sudetes and subcropping below the Permian—Cenozoic cover
in the Fore-Sudetic Block (Mazur et al., 2006). It broadly corre-
sponds to the “Variscides” as depicted by Grad et al. (2002) and
Dadlez et al. (2005: fig. 2), or to the yet earlier concept of the
Lower Silesian Internides (Pozaryski et al., 1992).

The internal structure of the Sudetic basement is a complex
tectonic collage of several amalgamated tectonostratigraphic
units generally ascribed to the Gondwana-derived Armorican
Terrane Assemblage (Franke, 2000). They incorporate heavily
tectonized and variably metamorphosed fragments of the
Neoproterozoic crust, Early-Middle Paleozoic oceanic crust
and accretionary prisms, and syn- to post-orogenic Late Devo-
nian to Early Permian piggy-back and intramontane basins and
granitoid plutons. The accretion was a multi-stage process
spanning the Late Devonian to Late Carboniferous when the
present crustal configuration was generally achieved (Mazur et
al., 2006). The latest Carboniferous—Early Permian wrench tec-
tonics (Ziegler, 1990) modified the pattern by imposing right-lat-
eral strike-slip displacements mainly along NW-SE trending
faults (Aleksandrowski, 1995).

The precise age of the final basement amalgamation is diffi-
cult to determine unambigously as strong compressional defor-
mation post-dating the main orogenic events continued into the
latest Carboniferous and earliest Permian. It may be assumed
that the basement accretion was accomplished in the late
Moscovian (ca. 310 Ma).

The eastern boundary of the Sudetic Domain corresponds
to the suture zone between the Central Sudetic terranes and
the Brunovistulian basement of the Upper Silesian Block (see
below). This Moravian—Silesian Suture is a complex, few kilo-
metres-wide tectonic zone inclined to the WNW, corresponding
to the Staré Mésto Belt and its northern continuation in the
Fore-Sudetic Block (Mazur et al., 2006; Kroner et al., 2008;
Jastrzebski, 2012). The potential field data analysed do not
confirm the northward extension of the suture as faras the TTZ,
labelled the “Moravian Line” (Winchester et al., 2002) or
“Moravian Suture” (Pharaoh et al., 2006; see also the discus-
sion by Dadlez et al., 2005).

The NE boundary of the domain has been rather poorly con-
strained by previous studies. It has been considered to corre-
spond to the Odra Fault (e.g., Mazur et al., 2006; Kroner et al.,
2008) or to the Dolsk Fault (Grad et al., 2002). The latter fault
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Fig. 3. Bouguer gravity anomaly map of southern Poland (after Krélikowski and Petecki, 1995)
with location of basement units and main tectonic lines

HCF — Holy Cross Fault, KLFZ — Krakéw-Lubliniec Fault Zone, MSS — Moravian—Silesian Suture, OF — Odra Fault,
RS - Rheic Suture, TTZ — Teisseyre-Tornquist Zone, VF — Variscan Front
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Fig. 4. Reduced to the pole magnetic anomaly map of southern Poland with location of basement units and
main tectonic lines

TJA — axis of the Tychy—Jordanéw Anomaly; other explanations as in Figure 3

limits from the NE the Wolsztyn—Leszno High forming the
sub-Permian elevation of a strongly tectonized and partly meta-
morphosed Variscan complex (Grocholski, 1975; Mazur et al.,
2010). Earlier, the sub-Permian trace of the fault was drawn by
Wierzchowska-Kicutowa (1987) ca. 50 km to the NE of the ele-
vation, based on borehole and shallow refraction seismic data.
Afterwards, its location was based on the results of the WARR
experiments, in particular the LT-7 and P4 lines (Dadlez, 2006).
These profiles revealed a marked subvertical crustal boundary

separating the three-layer “TESZ (Mid-Polish) crust” from the
two-layer “Sudetian crust” in the SE (Dadlez et al., 2005;
Guterch and Grad, 2006).

It should be stressed, however, that the P-wave velocity
structure of the Sudetic crust appears very complex, in most
cases deviating from the simple two-layer model (Majdanski et
al., 2007). In particular it includes a high-velocity lower crust
(Vp >6.8 km/s) extending to the SW of the Dolsk Fault, reaching
as far as the Sudetic Boundary Fault in the SUDETES S03 pro-
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Fig. 5. Reduced to the pole magnetic anomaly map of SW
Poland and neighbouring German and Czech areas

Indicated are locations of discussed seismic refraction profiles (black
lines), and the main tectonic discontinuities; DF — Dolsk Fault (after
Wierzchowska-Kicutowa, 1987), FSB — Fore-Sudetic Block, MGCH —
Mid-German Crystalline High, MSS — Moravian-Silesian Suture, SBF
— Sudetic Boundary Fault, SL — Stubice—Leszno magnetic lineament
(after Petecki, 2008); other explanations as in Figure 3

file and even below the entire Polish Sudetes area in the S01
and S02 profiles (Fig. 5; Majdanski et al., 2006; Grad et al.,
2008). It seems probable that this Vp pattern reflects the com-
plex crustal structure of the Variscan collisional zone and its
later history. The orogen was affected by late- to post-orogenic
thermal-magmatic events recognized as the Late Paleozoic
plutonic and volcanic activity in the area (reviewed by
Timmerman, 2008). For example, post-Variscan magmatic
underplating and remelting of the lower crust were evoked by
Majdanski et al. (2007) to explain the high P-wave velocities in
the lower crust of the northern Bohemian Massif.

Given insufficient geological constraints and equivocal seis-
mic results, potential field data have been adopted here to trace
the NE boundary of the Sudetic Domain. One of the most prom-
inent features is a belt of positive magnetic anomalies trending
NW-=SE, related to the Wolsztyn—Leszno High. The northern
border of this belt corresponds to the gradient zone defined by
Petecki (2008) as the Stubice—Leszno magnetic lineament (SL;
Fig. 5). The western extension of this zone turns to the SW,
passing into the Mid-German Crystalline High (Wonik et al.,
2001; Gabriel et al., 2011). The latter structure is interpreted as
the NW margin of the Saxothuringian Zone of the Central Euro-
pean Variscides (Franke, 2000; Kroner et al., 2008) corre-
sponding to the Rheic Suture between the Saxothuringian and
Rhenohercynian belts.

The positive magnetic anomaly partly overlaps in its wes-
ternmost part with the occurrence of the Early Permian volcanic
succession that reaches a maximum thickness of >1 km just to
the east of the Polish-German border (Jackowicz, 1994;
Pokorski, 1997). Thus, the Rheic Suture could act here as a
zone of pre-existing crustal weakness that controlled
post-Variscan magmatism, as did the Krakéw—Lubliniec Fault
described below (cf. Staby et al., 2010). Nevertheless, the
Permian volcanic rocks have a limited distribution in the Sudetic

foreland farther to the SE, and the axis of their maximum thick-
ness is oblique to the trend of the magnetic and gravity anoma-
lies (Pokorski, 1997). This points to a complex relationship be-
tween the post-Variscan magmatism and the Variscan tectonic
framework, and corroborates the conclusion on older,
pre-Permian basement controls of the potential field patterns.

The positive magnetic anomalies form an arcuate south-
eastern closure towards the Odra Fault (Fig. 5). The fault is in-
terpreted as one of NW-SE trending regional-scale
transcurrent zones that shaped the NE margin of the Variscan
Orogen in the Late Devonian to Carboniferous (Aleksan-
drowski, 1995). It became active as a dextral strike-slip fault
during the latest Pennsylvanian to Early Permian, most proba-
bly being a part of a continental-scale wrench system (Ziegler,
1990; McCann et al., 2006). The pattern of elongated gravity
anomalies suggests that the Odra Fault dextrally displaces the
course of the Moravian-Silesian Suture by ca. 40 km relative to
the Rheic Suture in the NE (Fig. 3). The magnetic anomaly pat-
tern is less clear (Fig. 5); nevertheless, it also shows an arcuate
outline apparently truncated and displaced by the Odra Fault.
The fault activity may have been linked kinetically with the late
Variscan dextral strike-slip motion documented by Zaba (1999)
for the Krakéw-Lubliniec Fault (see below).

UPPER SILESIAN BLOCK

The Upper Silesian Block (USB) forms a northern part of the
triangle-shaped Brunovistulicum Terrane neighbouring the Bo-
hemian Massif from the east (Dudek, 1980; Buta and Zaba,
2005). The basement of the block is known mainly from several
deep boreholes in the southern, sub-Carpathian part of the unit,
in the areas of the Bielsko—Andrychéw High and Rzeszotary
Horst (Fig. 1B). It is composed predominantly of Neoproterozoic
(660—600 Ma) paragneisses (western part) and Paleoproterozoic
(2.0 Ga) amphibolites with an Archean protolith (2.8-2.6 Ga) in
the east (Buta and Zaba, 2005, 2008). The basement, formed
during the Cadomian Orogeny (Finger et al., 2000), is overlain by
weakly metamorphosed Ediacaran flysch deposits which in turn
are onlapped by various relatively undeformed Paleozoic strata
(Moczydfowska, 1997; Buta and Zaba, 2005; Buta et al., 2015).
These deposits are known only in the eastern part of the USB,
east of the Variscan Front, where the total thickness of the
Ediacaran to Cenozoic cover attains up to 8 km in the central and
northern part, decreasing to 2—-3 km in the south and 1 km in the
east. In the western part, the USB basement and its Lower Pa-
leozoic cover is largely inaccessible below the thick, strongly de-
formed Devonian—Carboniferous strata of the Moravian—Silesian
Fold-and-Thrust Belt.

The Moho depth interpreted in the CELO1 and 02 profiles is
in the range 33-36 km, while the P-wave velocity structure
strongly differs between both profiles (Malinowski et al., 2005;
Sroda et al., 2006). The difference probably reflects the com-
plex structure of the USB including the Late Proterozoic orogen
in the SW and Archean—Paleoproterozoic crystalline rocks in
the NE. Both subunits are separated by an arcuate zone of the
magnetic Tychy—Jordanéw Anomaly representing a hypotheti-
cal ophiolite suture (Fig. 4; Buta and Zaba, 2008).

The southern boundary of the USB is hidden below the
Carpathians and cannot be directly traced at the basement
level. It can be assumed, however, that it conforms with the
Peri-Pieniny Fault Zone (Buta and Zaba, 2008) separating the
Outer and Inner Carpathians. The NE boundary with the
Matopolska Block corresponds to the Krakéw-Lubliniec Fault
(Buta et al., 1997). The fault is interpreted as a pre-Devonian
accretionary  suture reactivated during a Variscan


https://gq.pgi.gov.pl/article/view/12671

Basement structure of the Paleozoic Platform in Poland 509

transtension-transpression, with associated bimodal late- and
post-orogenic magmatism (Moczydtowska, 1997; Zaba, 1999;
Belka et al., 2002; Staby et al., 2010). In the CELO1 and CEL02
profiles the fault trace is located approximately in the middle of
the 20 km-wide transition between the USB crust and the SW
flank of the Matopolska Block crust (Narkiewicz et al., 2011).
The northwestern extension of the Krakéw-Lubliniec Fault is
poorly constrained. It may be hypothesized that it connects with
the Odra Fault (Buta and Zaba, 2008).

MALOPOLSKA BLOCK

The Matopolska Block, being a regional equivalent of the
Matopolska Massif Terrane of Pozaryski (1990) extends be-
tween the USB in the south-west, and the Lysogéry Block in the
north and north-east (Figs. 3 and 4). lts basement is unknown,
whereas the Ediacaran to Cenozoic cover has been extensively
described in previous publications (see, e.g., the reviews by
Dadlez et al., 1994; Buta et al., 2008; Narkiewicz et al., 2015).
The NE boundary — the Holy Cross Suture — is mapped as the
Holy Cross Fault in the Holy Cross Mts. while its SE extension —
the Cieszandw Fault Zone — can be traced using borehole and
geophysical data (Buta et al., 2008). Recently its course has
been precisely drawn based on the seismic POLCRUST-01
data and on a residual gravity anomaly pattern (Narkiewicz et
al., 2015).

The petrological and sedimentological features of the oldest
deposits recognized in the Matopolska Block resemble those of
the Ediacaran flysch from the USB (Buta et al., 2008;
Zelazniewicz et al., 2009). Consequently they may be inter-
preted as representing fragments of the same Neoproterozoic
foreland basin. However, the Matopolska Block crust differs
from that of the USB in a shallower Moho (30-35 km vs.
33-36 km). The low-velocity (Vp <6.0 km/s) layer composed of
sedimentary and low-grade metasedimentary  rocks
(Malinowski et al., 2005), is much thicker than in the USB. Nev-
ertheless, in the CELO1 profile the P-wave velocity structure of
the crystalline crust (with Vp >6.0 km/s) is similar to that of the
USB apart from being attenuated (Sroda et al., 2006;
Narkiewicz et al., 2011). This observation, together with a simi-
lar oldest sedimentary cover, suggests that the basement of the
Matopolska Block represents an analogous Cadomian crust of
Neoproterozoic age (660—600 Ma).

The minimum thickness of the platform cover estimated
from the WARR data is between 10 and 15 km (Narkiewicz et
al., 2011). In the Carpathian area the magnetotelluric data doc-
ument the top of a high-resistivity basement corresponding
probably to the crystalline basement top at depths of up to
22 km (Stefaniuk and Klitynski, 2007).

EYSOGORY BLOCK

The tysogory Block occupies a triangle-shaped area be-
tween the NNE margin of the Matopolska Block and the East
European Platform margin in the NE (Figs. 3 and 4). Towards
the SE the unit tapers and probably disappears near Lviv in
Ukrainian territory (Narkiewicz et al., 2015). Its basement has
not yet been accessed either at the surface or in the deepest
boreholes. The oldest deposits of the platform cover known so
far are the Middle-Upper Cambrian clastic rocks found in the
northern Holy Cross Mts. and in a few boreholes in SE Poland
(Dadlez et al., 1994; Belka et al., 2002; Modlinski and
Szymanski, 2005). Along the POLCRUST-01 profile the Early
Paleozoic strata are deformed by NE-verging low-angle reverse
faults and thrusts, most probably of pre-Devonian (late Caledo-
nian) age (Narkiewicz et al., 2015).

The results of the CELEBRATION 2000 WARR experiment
demonstrated a similarity of the Lysogoéry and EEP crust, particu-
larly regarding the Moho depth and the presence of a high-veloc-
ity lower crustal layer (Narkiewicz et al., 2011). The differences
include a thinner Lysogory crystalline crust, mostly lacking the
typical middle layer of the EEP (except for the CELO1 profile),
and with a thickened uppermost low-velocity layer. The latter,
characterized by Vp <6.0 km/s, is interpreted as comprising plat-
form sedimentary and volcanic rocks with a total thickness up to
15 km. The tysogory crust extends north-westwards along the
TTZ, at least to the Gréjec Fault (Narkiewicz et al., 2011).

Recent data from the POLCRUST-01 line in the SE part of
the tysogory Block document the presence of an attenuated
EEP-type cratonic crust, the reflective top of which is clearly re-
corded at depths increasing from ca. 8 km in the NE to 12 km
and possibly even 15 km near the Holy Cross Fault (Malinowski
et al., 2013; Narkiewicz et al., 2015). The lower crust is similar
to that of the neighbouring EEP in displaying a comparable
thickness and a characteristic laminar reflectivity.

The oldest members of platform cover inferred from the
POLCRUST-01 data are Ediacaran synrift sedimentary and vol-
canic rocks similar to, although much thicker than, those encoun-
tered in a marginal part of the EEP (Narkiewicz et al., 2015). The
total thickness of the platform Ediacaran to Cenozoic strata
ranges up to 15 km along the SW margin of the block.

BASEMENT UNITS IN NORTHWESTERN
AND CENTRAL POLAND

POMERANIAN BLOCK

The present concept of the Pomeranian Block as a base-
ment unit alludes to the earlier ideas of the Pomeranian Terrane
(Pozaryski, 1990; Franke, 1994) and Pomeranian Unit (Dadlez
et al., 2005; Fig. 2). The basement itself is unknown there, the
deepest boreholes penetrating Devonian and Carboniferous
epicontinental strata below the Permian cover (Matyja, 2006).
Only in a few onshore (Bydgoszcz IG 1) and offshore (L2-1/87
and K5-1/88) boreholes were folded Ordovician and Silurian
shales and siltstones encountered below the unconformably
overlying Devonian strata (Fig. 1; Dadlez, 2000, 2006;
Podhalanska and Modlinski, 2006). The Lower Paleozoic strata
probably form a part of a fold-and-thrust complex the
northeasternmost zone of which is thrust upon the EEP margin.
There, the narrow belt of deformed Lower Paleozoic strata
(Koszalin—Chojnice Zone, Fig. 1) has been studied in several
deep borehole sections (Modlinski and Podhalanska, 2010).

In the WARR profiles the Pomeranian Block is character-
ized by a Moho depth of 37-40 km which is intermediate be-
tween the thick EEP crust and a thinner (30—-35 km) crust to the
south (Fig. 6). The southern boundary is either marked by a dis-
tinct step in the Moho or may be more gradual. The lower
crustal layer (Vp ~7 km/s) is relatively thick, attaining 10 km.
The middle layer (Vp ~6.5-6.7 km/s) is of a variable thickness,
between 6 and 12 km, or can be missing as in the P4 profile.
The upper crystalline crust (Vp ~6.1-6.3 km/s) is thick in two
southern profiles and missing in the north (P2 and LT-7). The
low-velocity (Vp <6.0 km/s) layer is up to 20 km thick and in-
cludes 10-15 km of presumed sedimentary and volcanic rocks
that are partly metamorphosed to greenschist facies
(Puziewicz, 2006). The uppermost crustal layer is composed of
Devonian to Cenozoic epicontinental strata. Moreover, in the
P2 profile there is a lensoid “high-velocity pillow” at the base of
the crust, interpreted by Puziewicz (2006) as garnet- and
pyroxene-rich granulites, possibly with peridotite lenses, indi-
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Fig. 6. P-wave velocity structure (after Guterch and Grad, 2006) of the basement units in NW Poland

The Moho is shown by a solid line with oblique hatching below; the seismic lines illustrated are located in Figure 1B

cating magmatic underplating. Other characteristic features
found in particular seismic profiles are a high reflectivity of the
lower crust (LT-2) and the presence of mantle reflectors at
depths of 50—60 km (Fig. 6).

The extent of the above Pomeranian-type crust, as defined
by the Vp distribution (Fig. 6), is independently confirmed by po-
tential field data. It corresponds approximately to the area of the
deep-seated long-wavelength gravity anomalies visible on the
residual map after removal of the gravity effect of the
Zechstein—Cenozoic cover from the Bouguer gravity data
(Fig. 7; Grobelny and Krolikowski, 1988; Krolikowski and
Petecki, 1997, 2002; Petecki, 2002). The analysis of these sed-
iment-stripped anomalies carried out by the cited authors re-
vealed that the “Pomeranian High” illustrated in Figure 7 has
upper mantle and lower crust sources (see also Alasonati
Tasarova et al., 2016). Its NE boundary, a distinct horizontal

gradient zone striking NW-SE, corresponds to the TTZ,
whereas the SW boundary coincides approximately with the
Pomeranian crust extent as documented by the WARR data.
The superimposed shorter wavelength anomalies can be re-
lated to higher-density bodies located at depths of 14—17 km
(Petecki, 2008), and thus near the base of the low velocity up-
per-crustal layer mentioned above. The horizontal gradients as-
sociated with the above anomalies strike WNW-ESE and are
attributed to high-density mafic plutonic rocks of gabbro or
norite composition (Krolikowski and Petecki, 1997, 2002;
Petecki, 2008). Alternatively, it can be speculated that they re-
flect the Caledonian thrusts interpreted from boreholes and
seismic profiles in the neighbouring German area (Franke,
1994; Hoffman et al., 2008).

The magnetic field is characterized by NW-SE-trending
low-amplitude (30—40 nT) anomalies (Fig. 8) the extent of which


https://gq.pgi.gov.pl/article/view/8507
https://gq.pgi.gov.pl/article/view/7395
https://gq.pgi.gov.pl/article/view/7269
https://gq.pgi.gov.pl/article/view/7269

Basement structure of the Paleozoic Platform in Poland

511

BRI LT I T T

-10-5 0 5 10 15 20 25 30 35 40 45 50 55 60 65 [mGal
v

‘!4° 1§: 1I8°
|
)

40 —

Q"b
54°

/I(-) . 5.’0 10qkm|

- southern limit of the )
“==  Pomeranian crust \‘} WARR lines

from WARR data

Fig. 7. Stripped gravity map after removal of the gravity effect of the
Zechstein-Cenozoic cover from the Bouguer gravity (after Petecki, 2008: fig. 8)

The map reflects the density heterogeneity of the sub-Zechstein rocks in the area of
the Pomeranian Block; the extent of the Pomeranian crust is also indicated, based on
the WARR data (see the text for further explanations); explanations as in Figure 1B

broadly corresponds to the Pomeranian gravity high. This mag-
netic province, named the Western Pomerania Anomaly by
Krolikowski (2006), is bounded to the NE by a steep gradient
zone which can be traced almost continuously along the TTZ.
The southern boundary of the province corresponds to the
well-expressed gradient zone labelled the Szczecin—Star-
gard—Pita—Inowroctaw Magnetic Lineament (SSPI — Petecki,
2008) being here assumed as the southern boundary of the
Pomeranian Block. The subdued anomaly pattern characteristic
of this unit may suggest a considerable depth to the top of the
magnetic basement, covered by a thick layer of non-magnetic
rocks. The depth estimates, using the spectral method of
Spector and Grant (1970), indicate an average depth to the mag-
netic basement of ca. 18.5 km (Petecki, 2001) and thus close to
the base of the low-velocity upper crust modelled from the
WARR data (Fig. 6). Euler deconvolution applied to two profiles
across the SSPI zone indicates that it is best represented as a
magnetic contact at depths of 18-23 km, consistent with the
depths to the magnetic basement computed using the power
spectrum of magnetic data (Petecki, 2008). The cited results of
magnetic modelling suggest that the magnetic gradient zone rep-
resents an NE-dipping contact in the middle and lower crust.
The western extent of the Pomeranian Block can be tenta-
tively traced based on the magnetic anomaly patterns and using
previous geological and geophysical results from NE Germany
and the SW Baltic Sea (Fig. 8). In that region the southern mar-
gin of the EEP corresponds to the Thor Suture (TS), regarded

as the tectonic boundary between Avalonia and Baltica. Some
authors assume continuity between the TTZ and TS (e.g.,
Winchester et al., 2002) but this remains hypothetical
(Narkiewicz et al., 2015). The magnetic data suggest a disconti-
nuity coinciding with the southern extension of faults framing
the Ragnne Graben in the western Baltic Sea area (Fig. 8). The
detailed course of the TTZ-TS can be, however, even more
complicated due to syn- and post-Variscan transverse faulting
(Krauss, 1994).

The SSPI appears to extend westwards for ca. 50 km
across the Polish-German border but its further continuity is un-
certain (Fig. 8). It may conform with the course of the
Stralsund—Anklam fault system — a deep-seated discontinuity
trending WNW-ESE, mapped using deep seismic and
magnetotelluric data (Hoffmann and Franke, 1997; Hoffmann
et al., 2008). The magnetic anomaly pattern suggests that the
Stralsund—Anklam Fault may terminate against the TS in SE
Danmark (Fig. 8).

The P-wave velocity structure of the Pomeranian Block is
consistent with Baltic (EEP) affinity of the crust (Dadlez, 1997).
Consequently, it is here assumed that the basement ages are
within a wide range of the Precambrian EEP ages, i.e.
1.7-3.7 Ga (Bogdanova et al., 2008). The platform cover prob-
ably includes, in its lower part, autochthonous Neoprotero-
zoic?—lowermost Paleozoic Baltica deposits and superimposed
Lower Paleozoic strata of the Caledonian orogenic prism.
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Fig. 8. Reduced to the pole magnetic anomaly map of NW Poland and neighbouring German and Baltic areas showing
selected tectonic structures including faults (red lines)

ASF — Anklam-Stralsund Fault, CF — Caledonian Front, LPC — southern limit of the Pomeranian crust after WARR data, RF —
Rheinberg Fault, RG — Rgnne Graben, SSPI — Szczecin—Stargard—Pita—Inowroctaw Magnetic Lineament (Petecki, 2008), STZ —
Sorgenfrei-Tornquist Zone, TS — Thor Suture, TTZ — Teisseyre-Tornquist Zone, VF — Variscan Front

MID-POLISH DOMAIN

In the area between the Sudetic Domain and Pomeranian
Block, not only is the basement unknown but also the pre-Devo-
nian strata have nowhere been found, even in the deepest
(>5 km) boreholes.

The series of WARR lines crossing the TTZ and its direct
SW neighbourhood document a complex P-wave velocity
structure of the area extending from the tysogéry Block in the
SE, beyond the Gréjec fault and farther to the NW (Fig. 1;
Guterch and Grad, 2006; Narkiewicz et al., 2011). In the SE
part, up to the CEL21 line, the Moho depth retains a similar
depth as in the neighbouring EEP crust (43—45 km), while from
LT-5 northwestwards it nowhere exceeds 40 km, shallowing up
to 3540 km in the LT-5 to S01 profiles, and to 30-35 km be-
tween the P4 to LT-7 lines. Up to the S01 profile the crust shows
a three-layer Vp structure, with the lower layer 5-10 km thick
and Vp ~6.9-7.1 km/s, the middle layer 5-10 km thick
(Vp = 6.4-6.6 km/s) and the upper one 4-10 km thick
(Vp = 6.0-6.3 km/s). The uppermost, low-velocity crust
(Vp <6 km/s) increases in thickness from ca. 10 km in NE to
20 km in the SW.

In its central and NW part, the crustal structure of the
Mid-Polish Domain is less uniform in terms of the P-wave veloc-
ity distribution (Fig. 6). All profiles reveal a high-velocity lower
layer (Vp = 6.9 to 7.2 km/s) of variable thickness (3—10 km).
Nevertheless, the typical middle crust (Vp = 6.5-6.6 km/s) is
present only in the LT-7 line (5-7 km), while in the remaining
profiles the uppermost low-velocity layer (Vp <6 km/s) is under-
lain by a layer with Vp values 6.1-6.4 km/s, intermediate be-
tween the middle and upper layers or closer to the latter.

The magnetic anomaly distribution shows a nearly uniform
low between the Sudetic Domain in the south-west and the
Pomeranian Block in the north (e.g., Krolikowski, 2006). The
area of the Lysogory Block and its NW extension towards cen-
tral and western Poland is consistently characterized by the
presence of a high-velocity lower crust and a thick uppermost
low-velocity crustal layer. The latter layer, composed of sedi-
mentary rocks and low-grade metasedimentary rocks
(Puziewicz, 2006), may be partly responsible for the generally
low magnetic anomaly values. Nevertheless, the presence of
moderate positive magnetic anomalies in the Pomeranian
Block (Fig. 8) indicates that the thick sedimentary cover is not a
sufficient condition for suppressing the magnetic effects of the
deep basement. Moreover, the results of thermal studies indi-
cate that the Curie isotherm, generally assumed to be the lower
limit of magnetized material, is close to a depth of 30 km in this
area (Majorowicz, 2004). Therefore, the lack of magnetic anom-
alies in the Mid-Polish Domain suggests consistently lower
magnetization of the basement rocks in comparison to the
neighbouring Sudetic Domain, Matopolska and tysogoéry
blocks in the south and the Pomeranian Block in the north. The
western extension of the Mid-Polish Domain in eastern Ger-
many is also associated with predominantly negative magnetic
anomalies (Gabriel et al., 2011). The magnetic low extends as
far as the Rheinberg Fault bounding the East Elbian Massif
from the east (Fig. 8; Hoffmann and Franke, 1997).

According to the present interpretation, the Pomeranian Su-
ture between the Pomeranian Block and the Mid-Polish Domain
strikes WNW-ESE, that is, approximately parallel to the Holy
Cross Suture. Such a trend is indicated by the gravity and mag-
netic anomaly patterns, particularly by the strike of gradient
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zones (Grobelny and Krolikowski, 1988; Krolikowski and
Petecki, 1997, 2002; Petecki, 2008). Moreover, there is a re-
markable similarity between the course of the Pomeranian Su-
ture and the linear deep-seated conductive structure revealed
by magnetovariational sounding (Jozwiak, 2012: fig. 3a). The
latter structure has been attributed by Jozwiak (2012) to the
Variscan Deformation Front. The sub-Zechstein tectonic dis-
continuities interpreted by Krzywiec (2006) and Krzywiec et al.
(2006) in NW Poland partly conform with the course of the Pom-
eranian Suture interpreted in this study. This may indicate that
the suture persisted as a zone of a crustal weakness prone to
successive Variscan and later deformation.

The available geophysical and geological data do not allow
one to place a clear demarcation line between the tysogory
Block and the remaining part of the Mid-Polish Domain (Figs. 3
and 4). On the other hand, the WARR evidence points to a com-
plex structure of the area between the Variscan Domain and the
Pomeranian Block. It may be expected that future work will re-
sult in a more detailed subdivision of the Mid-Polish Domain
and clarification of its relationship to the Lysogoéry Block. In this
context, the deep (Caledonian?) controls on the Permian-Me-
sozoic Grojec Fault development are still to be demonstrated.

DISCUSSION

The results of the present considerations are summarized in
Figure 9 showing the extent of the main basement units of the
Paleozoic Platform in Poland, and in Table 1 summarizing their
essential characteristics. Generally speaking, these are mostly,
with the exception of the Mid-Polish Domain, the entities pro-
posed previously by various authors although considerably re-
defined here (cf. Fig. 2). In most cases the concept of particular
blocks/domains has been changed and their boundaries are
modified and more precisely constrained. The following discus-
sion will focus on selected general aspects of the new subdivi-
sion as well as on its implications for Paleozoic continental ac-
cretion in Poland.

COURSE AND NATURE OF THE TTZ

Previous ideas on the location and regional significance of
the TTZ have been recently summarized by Narkiewicz et al.
(2015) and the reader is referred to this publication for an over-
view. The TTZ course in central and NW Poland (Figs. 7-9) is

based mainly on combined magnetic and WARR data (Figs. 6
and 8; see also Dadlez, 2006: fig. 1b). In SE Poland (Figs. 4 and
9) the key evidence was derived from the WARR
CELEBRATION 2000 results aided by potential field data
(Narkiewicz et al., 2011), subsequently verified and refined us-
ing the seismic POLCRUST-01 results and transformed gravity
data (Narkiewicz et al., 2015).

Yet, such or similar concepts of the TTZ have not been uni-
versally accepted. For example, Berthelsen (1998) argued that
the zone is in fact an intraplate pseudosuture of Carboniferous
to Early Paleocene age, within a continuous EEP basement
(“Baltica crust”) extending farther to the SW. In the same vein,
Mazur et al. (2015) while maintaining previous ideas of continu-
ous crystalline EEP crust extending far to the west (see the sec-
tion “Previous concepts”), interpreted the TTZ as an
intracratonic suture between two Precambrian blocks of differ-
ent crustal thickness. Consequently, the continuous Lower Pa-
leozoic cover was interpreted to extend farther south-west be-
yond the TTZ, above the gradually deepening basement top.
The course of the suture was thought to be marked by a gravity
low above a Moho step and associated wedge-shaped crustal
keel ca. 20 km wide, protruding ca. 10 km into the lithospheric
mantle. Both crustal features were modelled along the deep
seismic reflection profiles PL1-5300 and PL1-5400 (see Fig. 1
for location) mainly based on gravity data. In their reply to the
present authors’ comment (Narkiewicz and Petecki, 2016)
Mazur et al. (2016a) reaffirmed the interpretation of the Pre-
cambrian suture. Moreover, in a subsequent study based on
the additional profile PL1-5600 (Fig. 1) Mazur et al. (2016b) at-
tributed the TTZ to the Sveconorwegian Orogeny (ca. 1 Ga).

The present authors, after discussing the concept put for-
ward by Mazur et al. (2015) questioned their idea of the TTZ
as an intracratonic Precambrian suture (Narkiewicz and
Petecki, 2016). The main objections may be summarized as
follows: (1) Mazur et al. (2015) did not document the physical
existence of a crustal keel and the presence of an overlying
Lower Paleozoic platform cover, (2) the potential field anomaly
patterns marking the supposed keel/suture are inconsistent,
thus apparently related to different regional subsurface units,
(3) no consideration was given to the earlier WARR results
and their interpretations (i.a., Guterch and Grad, 2006;
Puziewicz, 2006), (4) there was an apparent contradiction be-
tween the concept of a gradually deepened basement top
across the TTZ and the existence of the first-order horizontal
magnetic gradient connected with this structure.

Table 1

Essential characteristics of the Paleozoic Platform basement units in Poland

Basement unit fac\?ae] Oldest platform sediments Platform C?kvrgi' thickness Tectonic interpretation
Sudetic Domain 0.31 Late Pennsylvanian 0-3 amalgam/egﬁgcégmgrr&aenngerranes
Upper Silesian Block 0.6-0.66 Ediacaran 1-8 Gondwanan terrane
Matopolska Block 0.6-0.66 Ediacaran 10-15 (22°) Gondwanan terrane
Mid-Polish Domain 1.7-3.7 Ediacaran? 8-20 . )
tysogory Block 1.7-3.7 Ediacaran? 8-15 proximal Baltican terrane (-s)
Pomeranian Block 1.7-3.7 Ediacaran? up to 20 proximal Baltican terrane

" Based on magnetotelluric data for the Carpathian area (Stefaniuk and Klitynski, 2007)
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Fig. 9. The main basement units in Poland and their tectonic interpretation,
Fennoscandia-Sarmatia suture after Bogdanova et al. (2015)

Explanations as in Figure 8

In the present authors’ opinion, in spite of additional model-
ing performed by Mazur et al. (2016a), most of the arguments
given by Narkiewicz and Petecki (2016) are still valid. In particu-
lar the doubts about inadequate evidence of the crustal keel
and associated continuous platform cover were not dispelled
by Mazur et al. (2016a). The key evidence in this respect ought
to have been be provided by the PL1-5300 profile, the only seis-
mic line of those investigated by Mazur et al. (2015, 2016b)
which undisputably crosses the TTZ regardless of the interpre-

tational variant accepted (cf. Fig. 1). Closer inspection of the
seismic interpretation of the line (see fig. 5E in Mazur et al.,
2015) reveals that a perfectly smooth, unfaulted basement top
as well as the continuous Lower Paleozoic stratigraphic bound-
aries, particularly in the crucial SW part of the profile, lack sup-
port in the seismic record. This conclusion is further corrobo-
rated by a comparison of the seismic interpretation of the
PL1-5300 profile to those of lines PL1-5400 (Mazur et al., 2015:
fig. 6E) and PL1-5600 (Mazur et al., 2016b: fig. 3B). It may be
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seen that both profiles are characterized by much better resolu-
tion allowing the cited authors to interpret an uneven crystalline
basement top displaced by several faults extending upwards
into the Lower Paleozoic cover.

Moreover, the crustal keel marking the alleged Precambrian
suture is not evident in Mazur et al. (2015, 2016b) data. The
structures quoted by Mazur et al. (2016a) from the WARR pro-
files P4 (Grad et al., 2003) and TTZ'92/ll (Makris and Wang,
1994, see Fig. 1 for a location) are scarcely comparable to the
crustal keel interpreted by Mazur et al. (2015, 2016b). They are
much wider (100 km vs. 20 km) and they display flat or convex
top of a lower crust, thus in contrast to the concave geometry
shown in the discussed models of Mazur et al. (2015, 2016b).

Obviously, the question of a deep structure of the TTZ is still
open to different hypotheses. Future investigations, including
high-resolution seismic reflection profiling, are hoped to give
more conclusive results in that respect. As for now, however,
given the above reservations, the concept of the TTZ as a Pre-
cambrian intracratonic suture put forward by Mazur et al. (2015)
seems to have insufficient support in factual data. Thus, it is not
regarded here as a superior alternative to the earlier interpreta-
tions by Dadlez et al. (2005), Guterch and Grad (2006),
Narkiewicz et al. (2015) and others.

BASEMENT BOUNDARIES: VERTICAL OR INCLINED?

The geometry of the sutures between the basement units
described deserves a separate brief discussion as it is impor-
tant for their tectonic interpretation, e.g. transcurrent (strike-slip)
versus compressional (thrust) regime (Malinowski et al., 2015).
Evidently, a thrust geometry characterizes the Mora-
vian-Silesian Suture (e.g., Jastrzebski, 2012). In the case of
other sutures depicted in Figure 9, including the TTZ, some in-
terpretations also suggest an inclined or thrust geometry
(Krolikowski et al., 1996; Dadlez, 2001; Petecki, 2008; Gagata,
2015).

The Variscan (late Carboniferous) foreland compression
partly overprinted Early Paleozoic structures by generating re-
verse faults or minor thrusts and horizontal detachments com-
monly formed due to transpressive reactivation of the pre-exist-
ing tectonic discontinuities (Pozaryski et al., 1992; Pozaryski
and Tomczyk, 1993; Lamarche et al., 2003; Krzywiec, 2009;
Zaba, 1999; summarized by Narkiewicz, 2007). Given such an
overprint visible in the Devonian—Carboniferous strata the origi-
nal pre-Variscan geometry of the basement block boundaries
can be interpreted primarily from deep geophysical evidence,
including seismic results in particular. In that regard, Narkiewicz
et al. (2011) reviewed the WARR data connected with several
major tectonic boundaries in SE Poland including the
Krakéw—Lubliniec Fault, Holy Cross Fault and TTZ. They con-
cluded that, taking into account also published data on different
major transcurrent zones worldwide, the analysed Vp record
can be attributed to relatively narrow (<20 km) nearly vertical
tectonic zones. Similar geometry was earlier interpreted for the
Vp patterns connected with the TTZ in north and central Poland
(summarized by Guterch and Grad, 2006; Fig. 6).

Recently, the idea of major subvertical boundaries in SE
Poland gained strong support from the deep reflection seismic
POLCRUST-01 results (Malinowski et al., 2013; Narkiewicz et
al., 2015). In particular, the Tomaszéw Fault (=TTZ in SE Po-
land), I1zbica—Zamos¢ Fault and Cieszanow Fault Zone (CFZ)
are well-documented in the upper sedimentary layer (e.g.,
Kowalska et al., 2000; Buta et al., 2008; Krzywiec, 2009), and
can be traced vertically down to the basement top and to

deeper crustal discontinuities discernible in seismic reflectivity
patterns (Narkiewicz et al., 2015).

Malinowski et al. (2015) investigated two alternative vari-
ants of the Matopolska and tysogory blocks boundary assum-
ing either its subvertical orientation (Malinowski et al., 2013;
Narkiewicz et al., 2015) or inclination at an angle of ca. 40° to
the SW. The second variant implies continuous EEP-type
basement extending below the overthrust Matopolska Block,
whereas the Holy Cross Suture forms a crustal-scale, NE-verg-
ing thrust terminating as thin-skinned deformation near the
base of the Mesozoic cover. However, the gravity-magnetic
modeling results appeared inconclusive, supporting both
subvertical fault and thrust variants. Malinowski et al. (2015) re-
viewed available geophysical and geological evidence, and ac-
cepted the first variant as the more probable one. The main ar-
guments included: (1) seismic refraction and reflection evi-
dence of a more limited extent of the EEC crust bounded by the
vertical trace of the CFZ, (2) a deep vertical conductive zone
corresponding to the Holy Cross Suture as constrained by
magnetotelluric soundings (Ernst et al., 2002; see also
Semenov et al., 1998), (3) a lack of evidence of thrusting in the
subsurface Lower Paleozoic strata of the NE Matopolska Block
margin, investigated in boreholes and shallow seismic reflec-
tion profiles (Kowalska et al., 2000, Maksym et al., 2003; Buta
and Habryn, 2011).

Recently, Gggata (2015) discussed a thin-skinned variant of
the Caledonian Holy Cross Fault development, controlled by a
deep-seated “triangle-zone” — a wedge of the Matopolska Block
crust protruding northwards into the tysogory Block. Gagata
(2015) concluded that assumption of the deep-seated nature of
the HCF is an unnecessary complication. Such an approach,
however, seems to neglect the geophysical evidence for a
crustal-scale discontinuity along the HCF (Semenov et al.,
1998; Dadlez, 2001; Narkiewicz et al., 2011). Gagata (2015:
fig. 1B) llustrated his concept using reinterpreted
POLCRUST-01 results of Malinowski et al. (2013). The reinter-
pretation, assuming a thrust contact between the Matopolska
and tysogory blocks is, nevertheless, not backed by any argu-
ments and therefore its validity is hard to assess. Hence, ac-
cording to the present authors, the thin-skinned scenario of the
latest Silurian Holy Cross Fault development as proposed by
Gagata (2015) does not appear as a viable alternative to the
nearly-vertical Caledonian accretionary suture inferred in the
present paper.

In contrast to the TTZ and other basement block bound-
aries discussed above, the Pomeranian Suture may in fact rep-
resent an inclined crustal discontinuity. The magnetic modelling
results suggest that the SSPI gradient zone represents a
NE-dipping boundary in the middle and lower crust (Petecki,
2008). Moreover, reprocessing of the deep seismic reflection
results from profiles GB-2B-96 and 25-111-82 (see Fig. 1 for loca-
tion) revealed lower crustal and sub-Moho (?) reflectors dipping
north-eastwards (Petecki, 2003). These results may indicate
that the contact between the Mid-Polish Domain and the Pom-
eranian Block indeed represents a crustal-scale south-vergent
thrust. Nevertheless, definitive proof is still to be demonstrated
by e.g. higher-resolution deep seismic reflection profiling.

BASEMENT STRUCTURE AND CALEDONIAN ACCRETION

The basement units distinguished in SE Poland partly corre-
spond to the Caledonian terranes earlier defined by Pozaryski
(1990) and Pozaryski et al. (1992), albeit with considerable modi-
fications. Most importantly, the new POLCRUST-01 data on the
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tysogdry Block allowed Narkiewicz et al. (2015) to interpret this
unit as a proximal terrane with a cratonic and not early Caledo-
nian basement. Thus, in contrast to Dadlez et al. (1994) and
Dadlez (2001), the Lysogory Block is not conceived here as the
continuous western extension of the EEP basement covered by
Caledonian overthrusts.

The basement of the Matopolska Block, regarded as Caledo-
nian—Grampian (pre-Arenigian) by Pozaryski et al. (1992), is
here assumed as Cadomian by analogy to the Upper Silesian
Block (Brunovistulian) basement, as discussed above. Conse-
quently, both blocks are interpreted as exotic terranes derived
most probably from the peri-Gondwanan Cadomian belt
(Narkiewicz et al., 2015). The seismic reflectivity pattern of the
deeper Matopolska Block crust shows a series of east-verging
thrust- and shear-zones (Malinowski et al., 2013; Narkiewicz et
al., 2015). The relationship of this pattern to the deformed and
anchimetamorphosed Ediacaran flysch is not clear. The latter
may represent a proximal part of a foreland basin involved in
thick-skinned thrusts of a Cadomian Orogen. The other possibil-
ity is that the deep crustal pattern is related to an earlier orogenic
event whereas the flysch represents a superimposed latest Pro-
terozoic foreland basin. The second possibility seems more
probable as no trace of basement rocks has been found below
the Miocene in hundreds of boreholes drilled in the Carpathian
Foreland area so far (Buta et al., 2008). Also, the potential field
data do not show any pattern that could be associated with possi-
ble basement-cored thrusts. Thus, the preferred interpretation is
that the Ediacaran clastic rocks are thrust upon the earlier con-
solidated basement. It seems probable that the general relation-
ship is similar to that in the USB, i.e. the younger Ediacaran
flysch is superposed on the Cadomian basement (660—-600 Ma).
The main difference between both blocks would consist in a
larger post-Ediacaran uplift of the USB, leading to a stronger ero-
sion of the Ediacaran flysch cover.

The basement structure in central and NW Poland and in
the adjoining German area belongs to the most controversial is-
sues of Central European regional geology (e.g., Krawczyk et
al., 2008). The present concept generally complies with the
idea of Caledonian proximal terranes, i.e. detached fragments
of Balltica crust (Dadlez, 2000; Dadlez et al., 2005). However, in
contrast to Dadlez et al. (2005) and Dadlez (2006), it is here as-
sumed that the sutures bounding the proximal terranes in NW
Poland are oblique and not perpendicular to the TTZ (cf. Figs.
2B and 9).

Mazur and Jarosinski (2006) tentatively interpreted the
Pomeranian segment of their LTTZ unit (Fig. 2D) as a displaced
part of the craton involved in the earlier Avalonia—Baltica colli-
sion, thus in agreement with the proximal terrane concept of
Dadlez (2000). On the other hand, the idea of the Pomeranian
Caledonides by Mazur et al. (2016b) envisages a thin-skinned
orogenic belt superimposed on continuous EEP crust with the
TTZ acting as a reactivated Precambrian suture limiting the
orogenic front from NE. While the thin-skinned character of the
outer Caledonide belt is acceptable, the interpretation of the
TTZ as a Precambrian suture and, consequently, its reactiva-
tion during the Caledonian deformation seem insufficiently
founded (cf. the discussion above on the TTZ).

The pattern of basement units of the Paleozoic Platform in
Poland reflects two major stages of a continental accretion
(Fig. 9). The earlier one took place during the Early Paleozoic
and led to a juxtaposition of at least four units separated by
WNW-ESE to NW-SE trending sutures (from S to N): the Up-
per Silesian Block, Matopolska Block, Mid-Polish Domain and
Pomeranian Block. The first two are exotic terranes of
Gondwanan provenance, while the remaining ones are proxi-

mal Baltican terranes, or groups of terranes, the latter being
likely in the case of the Mid-Polish Domain. The Sudetic Do-
main, formed due to the Variscan accretion, is a complex array
of crustal units juxtaposed along arcuate Rheic and
Moravian—Silesian sutures truncating the earlier Caledonian
pattern. Obviously, the domain is a generalized entity that can
be further subdivided taking into account previous and, possi-
bly, future investigations.

Assuming dextral strike-slip or oblique Early Paleozoic ac-
cretion (Dadlez, 2000; Narkiewicz, 2002) the generally
WNW-ESE trend of particular basement units suggests suc-
cessive docking of the Caledonian terranes starting from the
proximal Pomeranian Terrane, followed by the proximal
Mid-Polish Terrane(s), Gondwanan Matopolska Terrane and fi-
nally by the Gondwanan Brunovistulian Terrane. If true, this in-
terpretation would imply the progressively younger age of the
sutures southwards (but see an alternative concept by
Koztowski et al., 2014).

CONCLUSIONS AND OUTLOOK

This critical review of the results of geophysical and geologi-
cal investigations from the last few decades has allowed the
present authors to reconsider the regional pattern of basement
units in the Polish part of the Paleozoic Platform adjoining the
Precambrian East European Platform from the SW (Fig. 9). The
boundary between these first-order lithospheric units, the
Teisseyre-Tornquist Zone, is here conceived as subvertical,
lithospheric-scale discontinuity that owes its present geometry
primarily to late Early Paleozoic accretionary processes.

The present investigations have confirmed that the base-
ment of SE Poland can be subdivided into three units: Upper
Silesian, Matopolska and tysogory blocks. The basement of
the first two units is of a Neoproterozoic (Cadomian) age
(660-600 Ma), whereas the tysogory Block has attenuated
EEP-type crystalline crust (3.7-1.7 Ga). New basement units
are described in central and NW Poland: the Pomeranian Block
and the Mid-Polish Domain, the latter composed of the
tysogory Block and its northwestern extension. The newly-de-
scribed units are characterized by attenuated crystalline
EEP-type crust (3.7-1.7 Ga), and contrasting potential field pat-
terns, particularly visible in the magnetic data. The Pomeranian
Suture separating both units is traced as a horizontal magnetic
gradient zone — SSPI magnetic lineament (Petecki, 2008). It co-
incides approximately with the southern boundary of the Pom-
eranian gravity high caused by the sub-Zechstein substrate,
and the less distinct crustal boundary documented by the
WARR and magnetovariational data.

The tysogory, Mid-Polish and Pomeranian units are here
interpreted as proximal Baltican terranes while the Upper
Silesian and Matopolska blocks are conceived as exotic ter-
ranes of Gondwanan provenance. All these units were finally
accreted in late Silurian or earliest Devonian times. The Sudetic
Domain in the SW corner of the Polish territory is composed of a
complex mosaic of smaller terranes accreted during the final
Variscan deformation in the Late Pennsylvanian (ca. 310 Ma).
The northern boundary corresponds to the Rheic Suture trace-
able in the magnetic and gravity anomaly patterns. It is dextrally
displaced by ca. 40 km by the Odra Fault which was an active
strike-slip dislocation during post-Variscan wrenching in the lat-
est Pennsylvanian to Early Permian.

The boundaries between the particular basement units are
most probably near-vertical sutures representing transcurrent
zones, with the exception of the Rheic/Moravian—Silesian Su-
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ture and, probably, the Pomeranian Suture, that comprise in-
clined (thrust) boundaries.

The most hypothetical unit of those defined in the present
paper is the Mid-Polish Domain which may comprise several
subordinate blocks of different structure and origins in NW and
central Poland. The relationship of these suspect units to the
tysogory Block is also conjectural at present. To elucidate
these questions more geophysical data is needed, preferably
from deep high-resolution reflection seismic profiles applying
methodology analogous to that of the POLCRUST-01 project
(Malinowski et al., 2013). Also, the exact course and geometry
of the boundaries between particular blocks are to be resolved
by future regional geophysical studies, both seismic and poten-
tial field modeling projects. This refers also to the problem of the
TTZ and its NW extension that deserve more detailed examina-
tion by means of high-quality reflection seismic profiling. Lastly,

the Sudetic Domain, in particular its subdivision into distinct ter-
ranes and their relationship to the main structural belts of the
European Variscides, still pose a challenge for future geological
and geophysical studies.
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