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Abstract: The deeply buried, northeastern segment of the fold-and-thrust belt of the Outer Carpathians is contoured by 
synorogenic sediments (Upper Oligocene–Lower Miocene) of tectonically multiplied thicknesses, which mask the deep-seated 
structures. Integration of archival mappings and profiles of deep wells with the new generation of geological-seismic 
cross-sections reveals the unconformable position of asymmetric folds and duplexes built of synorogenic sediments, 
resting upon the older flysch formations (Cretaceous–Lower Paleogene). These structures are cut by a system of dislocated, 
monovergent, imbricated overthrusts, deeply rooted in the outer zones of thrust folds. These zones are associated with 
deep-seated, high-amplitude (up to several kilometres), Meso–Paleozoic and Precambrian faults originated by subduction 
of the European Platform. As revealed by geological reinterpretation of MT-1 magnetotelluric soundings, the time/space 
identification of longitudinal, compressional sutures rotated by transversal, transpressional faults suggests a segmented 
model of subduction of the platform basement. Its coincidence with the reconstructed kinematic evolution of sedimentary 
covers justifies the origin of the inversion tectonics of the Central Depression of the Outer Carpathians as a result of  
the heterogenic structure of the consolidated basement.

Keywords: fold-and-thrust belt, synorogenic sediments, consolidated basement tectonics of synclinoria, deep cross-
sections, kinematic models

Introduction

The study area (Fig. 1) is bordered from the south by the Slo-
vak part of the Carpathians and from the east by the Ukrainian 
part of the Carpathians. This area comprises outcrops of thrust 
folds belonging to the so-called Middle Group (Nowak 1927), 
which constitutes the eastern part of the Polish Carpathians. 
The oil-bearing synclinoria of these thrust folds are associated 
with the hybrid depression of the consolidated basement 
known as the Central Depression of the Outer Carpathians 
(CDOC; Tołwiński 1932). This structure extends eastward to 
the Ukrainian Carpathians, where it is named the Krosno Zone 
(Kolodij et al. 2004). Its northwestern border is the Muszyna–
Jasło (M-J) dislocation, which relocates the structural ele-
ments of the deep basement (Fig. 1).

The detailed structural and facies studies in this area were 
triggered by discoveries of shallow oil deposits at the turn of 
the 19th and 20th centuries. Recently, the exploration targets 
have been deep-seated hydrocarbon traps and unconventional 
hydrocarbon deposits. However, crucial to the recognition of 
deep-seated synclinoria in the CDOC was the application of  
a modified methodology of seismic survey by the Geophysical 
Co. in Kraków after 1994 (Czerwińska 2013). Integration of 
modern seismic imagery with profiles of deep wells supported 

by detailed mapping of intersections of folds and overthrusts 
revealed the disharmonic tectonic style of synorogenic sedi-
ments in relation to the older flysch formations detached from 
the top surface of the consolidated basement.

The authors aim to present selected examples of inversion 
tectonics of synclinoria and to relate their origin to detailed 
models of the top of the consolidated basement. The basis is 
the geological interpretation of hundreds of magnetotelluric 
soundings carried out by the PBG Geophysical Exploration 
Ltd. in Warsaw, in the years 1997–2003, using the new MT-1 
recording and interpretation system (for details, see Czerwiński 
& Stefaniuk 2005; Stefaniuk et al. 2009).

The results of the geological interpretation of new geophy
sical surveys document a much more complicated, deep tec-
tonic structure of the CDOC (Kuśmierek 2010; Kuśmierek et 
al. 2010, 2016, 2019; Kuśmierek & Baran 2016) in compari-
son with the cross-sections previously published by other 
authors (e.g., Wdowiarz 1985; Klecker et al. 2001; Oszczypko 
2004; Nemčok & Henk 2006; Nemčok et al. 2006; Oszczypko 
et al. 2008; Gągała et al. 2012).

Outline of fold-and-thrust tectonics of the study area

Significant diversity of tectonic styles of geological struc-
tures observed in the northern segment of the Carpathians is 
revealed by discrepancy of nappes belonging to the Magura 
Nappe, the Middle (Dukla Nappe, Silesian Nappe, Subsilesian 
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Unit, and Skole Nappe), and the Marginal (Boryslav–Pokuttya, 
Stebnik, and Zgłobice units) groups, demonstrated by non-
continuous intersection of the axis of regional gravity mini-
mum and 0-values of geomagnetic induction vector (Fig. 1).

The structural position of oil-bearing synclinoria within  
the CDOC is determined from a wide belt of outcrops of the 
youngest synorogenic sediments (Upper Oligocene–Lower 
Miocene) of synkinematic type (McClay 2011) known as the 
Menilite-Krosno Series (MKS; Jucha & Kotlarczyk 1958). 
These folded sediments infill the two synclinoria of the Middle 
Group of nappes: the Silesian Synclinorium (known also as 
the Central Synclinorium, Świdziński 1958) and the Skole 
Synclinorium. Both structures are separated by the outcrops  
of the Subsilesian Nappe contoured by its overthrust, which 
extends as far as the border zone with the Ukrainian 
Carpathians (Fig. 2).

Depocenters of the MKS are associated with the outer zones 
of the synclinoria (Fig. 3): the Skole Synclinorium located 
east of the Wisłok River valley and the Silesian Synclinorium 

extending as far as to the Wisłoka River Basin (Fig. 2). These 
zones reveal exceptionally complicated tectonics of sedimen-
tary covers and their basement (Figs. 4, 5).

Maximum thicknesses of MKS in the Silesian Synclinorium 
coincide with the area of morphological depression named  
the Jasło–Sanok Depression, which constitutes the foreland of 
the Dukla Nappe overthrust (Kozikowski 1958; Wdowiarz 
1985). In this area, the diachronous deposition of lithofacies 
members belonging to the MKS, in relation to the regional 
stratigraphic marker horizon of the thin-bedded Jasło Lime
stone (of characteristic shaly parting, Jucha 1969), is illus-
trated by the chronostratigraphic model (Fig. 3A).

The diverse tectonic style of the Silesian Synclinorium is 
best visible in the Muszyna–Jasło Fault Zone (M-J; Fig. 1), 
which separates the CDOC from the Gorlice Depression 
located in its southwestern extension. The structure of M-J is 
illustrated by the western cross-section (Fig. 4). Here, the out-
crops of the MKS are segmented by strongly-uplifted synsedi
mentary folds. In their culmination, the older formations are 
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Fig. 1. Northeastern segment of the Carpathian arc and its geostructural frames: A – location of study area within the Carpathian arc. Legend: 
1 – range of new interpretation of the western part of Central Depression of the Outer Carpathians (CDOC); 2 – western boundary of the 
Ukrainian Carpathians (a) and the northern boundary of the Slovak Carpathians (b). Groups of Outer Carpathian nappes: 3 – Magura Nappe;  
4 – Dukla Nappe, Silesian Nappe, Subsilesian Unit, and Skole Nappe; 5 – Boryslav–Pokuttya Unit, Stebnik Unit, and Zgłobice Unit);  
6 – Pieniny Klippen Belt; 7 – axes of gravity minimum (after Woźnicki 1985); 8 – zone of 0-values of geomagnetic induction vector (after 
Jankowski et al. 1979); 9 – major deep-seated dislocations (deep fractures) in the basement of the Eastern Polish Carpathians: L-K – Lubliniec-
Kraków, M-J – Muszyna–Jasło, 10 – Carpathian Foredeep, 11 – Bohemian Massif (BM), 12 – Teisseyre–Tornquist Zone (T-T), 13 – Inner 
Western Carpathians (Slovak Block), 14 – Neogene volcanic covers, 15 – Transcarpathian Depression (TD), 16 – cities.
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exposed, deeply dissected by synkinematic erosion (Świderski 
1933; Kuśmierek 1990). In that cross-section, the internal 
zone of the Silesian Synclinorium is covered by tectonic-
erosional lobes of the Magura Nappe or its locally isolated, 
smaller tectonic sheets (Świdziński 1971). According to other 
concepts (Żelaźniewicz et al. 2011), these sheets belong to the 
so-called Jasło Subnappe formed at the front of the Magura 
Nappe.

The northern part of that cross-section documents the tec-
tonics of the uplifted part of the Skole Nappe thrust at a low 
angle over the slope of the Carpathian Foredeep. Here, MKS 

sediments are generally absent. Profiles of deep wells demon-
strate the monovergent system of geometrically complicated 
thrusts, which control the amount of tectonic reduction of 
covering nappes and which are in contrast with the block-type 
tectonic style of the basement. The basement is dominated by 
high-angle faults that disappear in the top parts of the Miocene 
autochthonous molasse formation. The Miocene formation 
pinches out on the slope of the platform (Kuśmierek & Baran 
2016).

The eastern cross-section (Fig. 5), which is positioned in the 
border zone with the Ukrainian Carpathians, shows extremely 
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Fig. 2. Structural sketch-map of the Polish Eastern Carpathians. Nappes (1–5): 1 – Magura; 2 – Dukla; 3 – Silesian; 4 – Skole; 5 – Boryslav–
Pokuttya Unit, Stebnik Unit, and Zgłobice Unit; 6 – outcrops of Subsilesian Unit; 7 – large sheets of transgressive Miocene formation uncon-
formably resting upon the flysch; 8 – depocenters of synorogenic sediments (Oligocene–Lower Miocene) contoured by isohypse of initial 
stratigraphic thickness >1600 m within: a – Silesian Nappe (a1 – inner part, a2 – outer part), b – Skole Nappe; 9 – overthrust of the inner 
(southern) zone of Silesian Nappe (I/O); 10 – location of the cross-sections in Figs. 4–6 and 8–12 and the model of Precambrian top surface 
(Fig. 7); 11 – location of deep wells shown in Figs. 4–12.
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Fig. 3. Synthetic stratigraphic columns of nappes, tectonic-facies units and their basement in the Polish Eastern Carpathians (from Kuśmierek 
2010, detailed). Sedimentary cover: 1 – autochthonous molasses of Carpathian Foredeep and their paraautochthonous erosional sheets uncon-
formably covering the nappes; 2 – folded molasses of the Marginal Group; 3 – Menilite-Krosno Series (synorogenic sediments). Older sedi-
mentary formations: 4 – Eocene; 5 – Upper Cretaceous, Paleocene and Eocene (undivided); 6 – Upper Cretaceous–Paleocene; 7 – Lower 
Cretaceous. Consolidated basement: 8 – unidentified Meso–Paleozoic formations; 9 – Precambrian (Eocambrian); 10 – nappes overthrusts;  
11 – erosional-sedimentary unconformities; 12 – range of Fig. 3A. A – Chronostratigraphic model of synorogenic sediments of the Menilite-
Krosno Series in the Jasło–Sanok area: 1 – Krosno lithofacies; 2 – Transitional Beds; 3 – Menilite lithofacies; 4 – intra-Menilite sandstones:  
a – Cergowa type, b – Kliwa type; 5 – Jasło Limestones (oldest horizon); 6 – Globigerina Marls; 7 – nappes overthrusts; 8 – synsedimentary 
folds overthrusts; 9 – axes of synsedimentary anticlines; 10 – synsedimentary gap in the Subsilesian Unit (from Jucha 1969).
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complicated tectonics of both the sedimentary cover and its 
basement. Detailed field observations run in the foreland of 
the Dukla Nappe and demonstrate the presence of backthrusts 
of a southwestern vergence, which displace the limbs of 
synsedimentary folds. This causes drastic changes in the thick-
ness of thick-bedded Krosno Sandstone (Kuśmierek 1979, 
1981).

The tectonic style of the northern part of the cross-section is 
characterized by a consequent system of deep-seated, south-
east-dipping thrusts associated with the increasing depth 
toward the bottom of the MKS along the I/O overthrust 
(Fig. 5). Within the border zone of the Skole Synclinorium, 
outcrops of the MKS are segmented by disharmonic anticlinal 
uplifts. Complicated tectonics of Upper Cretaceous–Lower 
Paleogene formations in these uplifts is revealed by deep wells 
(e.g., BD IG-1, Żytko 2006).

Data from deep wells (e.g., G-2 and G-13, Fig. 4) indicate 
that the inversion style of tectonic structure of older flysch 
formations is typical of the inner zones of synclinoria, parti
cularly where the thick-bedded Ciężkowice and Istebna sand-
stones pinch out.

Magnetotelluric tectonic models of consolidated 
basement

Modified geological interpretation of the tectonic structure 
of the consolidated basement was applied to the tectonic 
depressions of the CDOC and to the fragment of the platform 
slope, which borders the CDOC from the northeast. (Figs. 6, 7). 
The western border of these depressions is the northern exten-
sion of the Muráň Fault (Maheľ 1974), which extends beneath 
the Carpathian Foredeep and is known as the Muszyna–Jasło 
Fault Zone (M-J, Fig. 1; Doktór et al. 1990). This dislocation 
displaces to the southwest the axes of a gravity minimum 
(Woźnicki 1985), the 0-values of the geomagnetic induction 
vector (Jankowski et al. 1984), and a trace of the subvertical 
Lubliniec–Kraków Fracture Zone (L-K, Fig. 1). The latter 
structure separates the Małopolska and Silesian basement 
blocks (Żelaźniewicz et al. 2011).

A major breakthrough in mapping the morphology of the 
consolidated basement was a preliminary interpretation of five 
magnetotelluric sounding traverses (E-1, E-2, E-3, E-4, and 
F-1) completed in the study area in the years 1975–1990 (for 
details, see e.g., Święcicka-Pawliszyn & Pawliszyn 1978; 
Stefaniuk & Kuśmierek 1986; Doktór et al. 1990; Kuśmierek 
1990, 1996; Ryłko & Tomaś 1995; Stefaniuk 2003). The results 
documented a non-continuous geometry of the top surface of 
the consolidated basement dissected by deep-seated faults of 
significant throws. However, these dislocations remained 
undisclosed by refraction seismics. Precise information about 
resistivity distribution down to 25 km depth (including the 
sedimentary cover) was provided by the Electromagnetic 
Instruments MT-1 System of frequency recording range 
extended to about 500 Hz (for details, see Stefaniuk 2003; 
Czerwiński & Stefaniuk 2005).

The shallower parts of geoelectric cross-sections identified 
as the images of allochthonous nappes sheets are characterized 
by oblique (vergent) geometry of resistivity boundaries (within 
the range of low and medium resistivity values). These are 
different from images of flat-lying Miocene molasses resting 
upon the high-resistivity Precambrian basement on the slope 
of the platform (Stefaniuk 2003). Implementation of the MT-1 
system enabled the researchers to apply the advanced data 
processing methodology leading to the generation of 1D and 
2D inversion models.

Especially useful was, among others, the 2D NLCG algo-
rithm, designed to contour the geometry of high-angle resis-
tivity boundaries under the conditions of extreme resistivity 
contrasts, typical of the consolidated basement of the CDOC 
(Stefaniuk et al. 2009). It should be emphasized that a more 
advanced interpretation, i.e. 3D, often performed in the Polish 
Lowlands (e.g., Ślęzak et al. 2016; Oryński et al. 2022) in  
the tectonically complex CDOC area would be difficult to 
implement.

The results of the geological interpretation of the Rado
szyce–Przemyśl geoelectric cross-section processed with the 
2D NLCG algorithm are shown in Fig. 6 (from Kuśmierek et 
al. 2019). This cross-section includes the benchmark profiles 
of deep wells (C IG-1 and K-1), which penetrated the erosio
nal-tectonic elevation of the platform slope and demonstrates 
its different tectonic structure, in comparison with deeply 
buried depressions of the CDOC.

The principal reinterpretation target of magnetotelluric 
soundings was geological identification of the traces of deep-
seated faults combined with recognition of their geometric 
parameters: dimensions and directions of tectonic movements 
in planes of geoelectric cross-sections. Extreme diversity of 
rock resistivity (from several to over 1000 Ω·m) together with 
complicated geometry of resistivity boundaries justified the 
distinction of three-time/space generations of discontinuities: 
(i) erosional-tectonic, of flat geometry, (ii) longitudinal, high-
angle faults of maximum amplitudes operating as younger 
compressional sutures of the basement, and (iii) transversal or 
oblique, sub-vertical, oblique-slip deep dislocations inherited 
after the stage of expansion of sedimentary basins and rejuve-
nated in the Neogene. The latter contoured the rebuilding of 
the heterogenic tectonic structure of the CDOC.

White fields visible in Fig. 7 mark the areas for which inter-
pretation of basement morphology within the tectonic blocks 
could not be credibly done due to the lack of transversal geo-
electric cross-sections. The exception is the No. 24 longitu
dinal cross-section along which the burial depth of the 
Precambrian top surface locally falls below the depth range of 
interpretable resistivity of the rocks (i.e., about 25 km b.s.l., 
Stefaniuk 2003).

The time/space correlation of selected generations of deep-
seated faults played a key role in generation of a hypsometric 
model of the Precambrian basement (Fig. 7). In the northern 
part of the study area, reinterpretation of magnetotelluric 
soundings was integrated with the results of seismic surveys 
and deep drillings penetrating the Precambrian basement  
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(for details, see e.g., Kuśmierek & Baran 2008, 2016; Baran & 
Jawor 2009). In that area, extreme resistivity values of the 
basement contrasted with low values of flat-lying autochtho-
nous Miocene sediments, which covered the erosional-tec-
tonic morphology of the basement surface along the low-angle 
platform slope (Fig. 4). The deepest penetration of the plat-
form slope by the K-1 well (Fig. 7) revealed radically different 
features of the geoelectric cross-section in comparison with 
that of the remobilized basement of the CDOC (Fig.  6). Its 
northern range was contoured by the outer, Type 2 compres-
sional suture of a multi-kilometre amplitude. Its intersection, 
dislocated by transversal fractures, is illustrated in Fig. 7.

According to the 2D inversion model, a cross-section 
through the CDOC demonstrates the presence of an upper 
hypsometric level (having vergent resistivity boundaries), 
which illustrates the tectonics of the nappes. The level is con-
toured by a flat-lying discontinuity identified as the Type 1 
compressional suture, which, in turn, is cut by the sub-vertical 
Type 2 faults dipping to the southwest. Among them are tec-
tonic sutures (a and b) related to the inner edges of the Silesian 
and the Skole synclinoria (Fig.  6). It is suggested that the 
low-resistivity (about several Ω·m) sediment formation 
accompanying the edge “a”, similarly to the zone of 0-values 
of the geomagnetic induction vector (Fig. 1), may be related to 
the subduction process (Woźnicki 1985).

This suggestion is supported by an exceptionally compli-
cated model of the top of the Precambrian basement (Fig. 7), 
which shows a mosaic of blocks of very diverse hypsometry, 
typical of buried zones of the platform. In the tectonic depres-
sions of the CDOC, the top of the Precambrian basement is 
covered by a thick pile of Phanerozoic platform formations of 
unrecognized stratigraphy, which, unfortunately, occur below 
the depth range of deep wells. Hence, the structural models of 
the consolidated basement are limited exclusively to the iden-
tification of the geometry of deep-seated faults, important for 
the interpretation of the origin of the inversion tectonics of  
the CDOC sedimentary cover.

Seismic and geological reinterpretation  
of sedimentary cover tectonics

Reinterpretation criteria and procedure 

The absence of regional reflection horizons, along with 
interference and low quality of seismic records acquired in the 
epoch before digital data recording methodology, resulted in 
skepticism among scientists concerning the usefulness of seis-
mic imaging for the interpretation of deep tectonics of the 
Carpathian nappes (Wdowiarz 1985). The reason was, among 
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others, the unexplained, divergent dip angles of Oligocene 
versus Cretaceous–Eocene formations (Kuśmierek et al. 1985) 
confirmed in the subsequent years by the results of deep dril
lings (Fig. 2).

After 1994, the Geophysical Co. in Kraków implemented  
a modern methodology of seismic survey (Czerwińska 2013), 
particularly the advanced procedures of seismic data proces
sing with the ProMAX system (for details, see e.g., Marecik  
et al. 2008) applied to a model of velocity fields and pre-stack 
depth migration (PSDM). This progress enabled the resear
chers to obtain an improved image of seismic boundaries 
(having better dynamics and resolution), especially of thick-
bedded sandstone formations.

The presented reinterpretation examples of deep-seated 
tectonics of the CDOC synclinoria focused on the zones of 

extremely complicated geological structure (Figs. 8–12). 
These examples were selected from some tens of new geolo
gical and seismic cross-sections constructed by the authors in 
the years 2009–2016, during the completion of several hydro-
carbon exploration projects. The projects aimed to evaluate 
the opportunities of new discoveries of: (i) hydrocarbon 
deposits in deep-seated traps, yet unexplored by drillings, and 
(ii) unconventional hydrocarbon accumulations (for details, 
see Kuśmierek et al. 2010, 2016, 2019).

The iterative procedure of geological reinterpretation 
included the following steps:
•	 generation of initial structural models using seismic time 

sections, including the identification of lithostratigraphic 
boundaries (less readable in deeper time sections, below 
2.5–3.5 sec intervals) to estimate the velocity fields of 
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distinguished sedimentary complexes for depth migration 
(PSDM). It was supported by correlation with the trends of 
thickness changes within the CDOC synclinoria (from 
Kuśmierek et al. 1991–1994).

•	 construction of deep geological and seismic cross-sections, 
integrated in the near-surface zone with the interpretation  
of intersection patterns on detailed, uncovered geological 
maps. The maps were prepared by the Polish Geological 
Institute and updated by GeoKrak Ltd. (Starzec 2016). At 
greater depths, the traces of dislocations (thrusts, duplexes, 
and faults) and lithostratigraphic boundaries were referred 
to the final geometry of reprocessed seismic profiles (after 
depth migration) correlated with the profiles of deep wells 
(acquired from archival materials of the Polish Oil and Gas 
Co., Jasło Branch).

Silesian Synclinorium

The internal zone of the Silesian Synclinorium is marked 
with a special pattern in Fig. 2. The zone is contoured by the 
intersection line of the overthrust of the Targowiska–Besko–
Mokre folds showing the maximum amplitude of tectonic 
transport and marked “I/O” on the Traverse cross-sections 
(Figs. 4, 5), as well as on geological-seismic cross-sections 
(Figs. 8–11). East of the transversal M-J fracture (Fig.  1),  

the intersection line of that thrust is displaced by numerous 
transversal faults developed in the basement of the Silesian 
Synclinorium (Fig.  7), which separate the thrust from the 
Gorlice Structural Depression (Figs. 2, 4).

The tectonic style of the western segment of the inner zone 
in the Silesian Synclinorium is illustrated by a fragment of 
transversal, geological-seismic cross-section (Fig.  8) cor-
related with the profile of the D-1 deep well. The well was 
positioned on the outcrop of the elevated Draganowa–Iwonicz 
Zdrój Fold, distinguished as the regional structural element A. 
The D-1 deep well, completed down to 5500 m final depth, 
encountered traces of three imbricated thrusts (or duplexes) 
displacing the northern limbs of the folds, and it is distin-
guished as structural elements of B, C, and D (Fig.  8). 
However, from these three elements, only the D element is 
revealed in the intersection of the surface geological map, 
unlike the overlays of A, B, and C elements. D element has  
an intersection line marked on the geological map (Starzec 
2016), whereas the remaining A, B, and C elements fade in  
the near-surface zone. Within the outcrops of the Krosno litho-
facies, amplitudes of these three structural elements are com-
pensated by asymmetric folds (Fig. 8).

Considering the regional scale, the most complicated tec-
tonic structure was encountered in the southern part of the 
Silesian Synclinorium, which builds the foreland of the Dukla 
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Unit overthrust. It is observed on both the western cross-sec-
tion (Fig. 4), which includes the Gorlice Depression and on the 
eastern cross-section (Fig.  5), southeast of Baligród, where  
the surface intersection image of the Draganowa–Iwonicz 
Zdrój Fold (structural element A) reveals overturned folds and 
backthrusts (Kuśmierek 1979, 2010). Moreover, the Zboj-1 
deep well in Slovakia (about 15 km southwest from the  
Dukla Unit overthrust), penetrated the Upper Eocene–Oligo
cene succession at a depth interval of 3800–5002 m, beneath 
the Dukla Unit overthrust (Ďurkovič et al. 1982). That succes-
sion presumably represents the marginal zone of the Silesian 
Unit.

Attention must be paid to the geological-seismic cross-sec-
tion shown in Fig. 9, which is perfectly documented by seven 
wells, including the R-1 and B-1A wells, with final depths 
exceeding 5000 m. This cross-section illustrates the tectonic 
structure of the Silesian Synclinorium at the interfingered con-
tact of its inner and outer zones (Fig. 2) along the I/O over-
thrust. The amplitude of that overthrust decreases from about 
5 km at the bottom of the Menilite Beds to 2 km in the 
near-surface zone.

In contrast to the inner zone of the Silesian Synclinorium, 
which is strongly dislocated by duplexes (as revealed by  
the upper segment of the R-1 deep well) in its outer zone,  
the extremely thick synorogenic sediments of the Krosno 
lithofacies build the open folds. However, beneath these folds, 
the deep-seated, flat-lying overthrusts are hidden, which 

displace the Early Oligocene–Eocene formations, as docu-
mented by the B-1A and B-2 deep wells. In the near-surface 
zone, the intersections of these overthrusts appear exclusively 
in the frontal, asymmetric anticlinal uplift (Fig.  9). Strong 
thickness reduction of the Krosno Beds in the northern limb of 
that anticline advocates the rejuvenation of these flat over-
thrusts during the deposition of younger, synorogenic sedi-
ments (Fig. 3A) that are combined with: (i) their redeposition 
towards the steep slopes of the Silesian Subbasin, (ii) the pre
sence of scattered angular unconformities in the stratigraphic 
column, and (iii) probable submarine erosion (Książkiewicz 
1956; Jucha 1969; Kuśmierek 1990).

A fragment of the longitudinal geological-seismic cross-
section is shown in Fig.  10, which connects the transversal 
cross-sections seen in Figs. 8 and 9, demonstrating the diffi-
culties in correlation with the distinguished structural elements 
at the interfingered contact between the inner and the outer 
zones of the Silesian Synclinorium. In comparison with the 
shallower part of that cross-section, which presents the geo-
logical image consistent with that shown on detailed geolo
gical maps (Starzec 2016), the deep-seated tectonic structure 
reconstructed from reprocessed seismic profiles presents 
numerous duplexes built of older, Cretaceous–Eocene sedi-
ments showing advanced diagenesis. The duplexes appear to 
be induced by transversal faults of various dip angles and 
amplitudes of displacement, which, in turn, were triggered by 
dislocations in the consolidated basement.
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The peculiar tectonic style of the outer zone of the Silesian 
Synclinorium is best-illustrated by the geological-seismic 
cross-section located in its southern part (Fig.  11), which 
includes the deep N-1 well. This zone is contoured from the 
south by the Mokre Fold overthrust (I/O), from the north by 
the Silesian Nappe overthrust, and from the west by the 
Subsilesian Nappe overthrust, the latter disappearing in the 
border zone with the Ukrainian Carpathians. In that border 
zone, the Silesian and Skole synclinoria merge into the CDOC 
beneath the thick cover of the Krosno Beds (Fig. 2). The N-1 
well profile reveals that the southern part of the outer zone of 
the Silesian Synclinorium is filled with the thick succession of 
the Krosno Beds, whose bottom surface had not been reached 
by the N-1 well, with its final depth being 4505 m.

The most intensively folded is the near-surface zone illus-
trated by the cross-section in Fig. 11, where steep, asymmet-
ric, locally back-overturned folds are detached from the older, 
Cretaceous and Paleogene formations. These detachments, 
which have been identified for the first time on reprocessed 
seismic profiles (Kuśmierek 2010), show the geometry of flat 
arcs. They displace backwards (to the south) traces of imbri-
cated overthrusts, thereby compensating for the amount of 
tectonic reduction of deep-seated formations, which were sub-
jected to more advanced diagenesis and were thus less suscep-
tible to folding (Fig. 11). This type of inversion tectonics is 
associated with the margins of depocenters of synorogenic 

sediments known also from the southern part of the Silesian 
Synclinorium (Fig. 5). The depocenters are controlled by the 
zones of significant relative heights of consolidated basement 
relief (Fig. 6).

Skole Synclinorium

The above-presented remarks are valid also for the deep part 
of the Skole Synclinorium explored by the P-1 well down to  
a depth of 7210 m (Fig. 12).

Lithostratigraphy of the Skole formations differs from that 
of the Silesian–Subsilesian formations by the evolution of 
Cretaceous–Lower Paleogene lithofacies, which underlie syn-
orogenic sediments of the Krosno lithofacies (Fig.  3). This 
lithofacies is laterally interfingered with the Subsilesian for-
mations in the plunging zone of the Subsilesian uplift, as 
revealed by, among others, the deep J IG-1 well (Żytko 2004). 
Maximum thicknesses of the Menilite-Krosno formations are 
related to the central part of the Skole Synclinorium, where the 
bottom surface of these formations was found in the P-1 deep 
well at a depth of 5010 m.

The final geological reinterpretation of 21 geological-
seismic profiles positioned between the San River valley  
and the Polish–Ukrainian state border demonstrates that  
the structure of the entire buried part of the Skole Syncli
norium is dominated by monovergent, imbricated thrusts.  

Fig. 10. Longitudinal cross-section through the western part of the Silesian Synclinorium (from Kuśmierek et al. 2019). Silesian Series:  
1 – Upper Krosno Beds; 2 – Lower Krosno Beds; 3 – Menilite and Transitional beds (undivided); 4 – Hieroglyphic Beds, Variegated shales, 
and Ciężkowice Sandstones (undivided); 5 – Istebna Beds; 6 – folds overthrusts, I/O – thrust of inner (southern) zone of the Silesian 
Synclinorium over its outer zone; 7 – second-order duplexes (decollements) and faults; 8 – lithostratigraphic boundaries; 9 – location of longi-
tudinal cross-sections.
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In the near-surface zone, these thrusts (locally backthrusts) 
show high dip angles and displace the hinges or limbs (mostly 
northern) of the folds (or, in fact, rather the duplexes), where 
complicated intersection patterns are seen on uncovered geo-
logical maps (e.g., Jasionowicz 1961; Gucik et al. 1980; 
Malata 1997).

The interpretation of seismic images of deeper zones in the 
Skole Synclinorium, reveals successive flattening of surfaces 
of the overthrusts associated with the evolution of second-
order duplexes and flat decollements (Fig. 12), which do not 
appear on uncovered geological maps. Therefore, the true pro-
files of deep drillings commonly differ significantly from the 
expected ones, resulting in a variety of interpretations of deep 
geological structures (Kuśmierek et al. 2019).

Synthetic models of kinematic evolution of  
compressional sutures 

Stratigraphic diversity of facies development and thicknesses 
of Upper Cretaceous–Cenozoic deposits, which constitute 

tectonostratigraphic units of the Middle Group (Fig.  3), is 
related to segmentation of the so-called Northern Basin 
(Książkiewicz 1972) into the Silesian and Skole subbasins by 
synsedimentary uplifts, contouring the depocenters of these 
subbasins (Fig. 2).

The inversion tectonics of older sedimentary formations 
compared with the younger cover of synorogenic sediments 
(Figs. 8–12) and, particularly, with the consolidated basement 
(Figs. 6, 7) emphasize the influence of time/space migration of 
tectonic movements as an explanation of complicated tectonic 
evolution of the Carpathian–Pannonian region (for details, see 
e.g., Khain et al. 1977; Książkiewicz et al. 1977; Jiříček 1979; 
Burchfiel & Royden 1982; Kuśmierek 1990, 1996; Konečný 
et al. 2002; Kuśmierek & Baran 2016).

Reconstruction of the inversion tectonics of synclinoria in 
the CDOC is supported by two reconstructed models, which 
determine the vertical component of tectonic movements in 
the epoch from the Upper Cretaceous to the Quaternary 
(Fig. 13) and the kinematics of tectonic movement rates during 
both the sedimentary and synorogenic stages (Fig. 14). Taking 
into account the reinterpreted results of magnetotelluric 

Fig. 11. Cross-section through the eastern part of the outer zone of the Silesian Synclinorium (from Kuśmierek et al. 2019). Silesian Series:  
1 – Upper Krosno Beds; 2 – Lower Krosno Beds; 3 – Menilite and Transitional beds (undivided); 4 – Hieroglyphic Beds, Variegated shales, 
Ciężkowice Sandstone, Istebna Sandstone, and Godula Shale; 5 – Lgota, Wierzowa, and Cieszyn beds (undivided); 6 – overthrust nappes;  
7 – folds overthrusts, I/O – the thrust of the inner (southern) zone of the Silesian Synclinorium over its outer zone; 8 – second-order duplexes 
(decollements) and faults; 9 – lithostratigraphic boundaries; 10 – well profile.
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soundings and new geological-seismic cross-sections 
(Kuśmierek et al. 2019), these models better quantify the 
amounts of subsidence and convergence of sedimentary cover 
and its consolidated basement in comparison with earlier 
results (e.g., Kuśmierek 1990, 1996, 2010; Kuśmierek & 
Baran 2016).

Tectonic movements within the sedimentary cover between 
the Upper Cretaceous and Cenozoic 

The trends of the vertical component of tectonic movements 
within the sedimentary cover were determined by subsidence 
hypsometric curves of the bottom surfaces of Senonian–
Eocene and Oligocene–Lower Miocene formations (Fig. 13), 
assigned to averaged values of:

•	 chronostratigraphic horizons 33.9 and 16.0 Ma, which 
define geological time spans ascribed to distinguished 
stages of tectonic evolution, in fact, diachronously interfin-
gered in the northeastern segment of the Outer Carpathians 
(from Kuśmierek & Baran 2016);

•	 deposition depth of the bottom of distinguished lithofacies, 
from the Upper Cretaceous to the Eocene (from Książkiewicz 
1975), in the form of a bathymetric curve (B in Fig. 13);

•	 paleothicknesses of Senonian–Eocene and Oligocene–Lower 
Miocene formations determined from 16 and 65 profiles 
respectively (after Kuśmierek et al. 1991–1994).
The initial values of sediments paleothicknesses were 

reconstructed by summation of: (i) recent stratigraphic thick-
nesses (ms), (ii) increase of thicknesses resulting from tectonic 
deformations (Δm) due to (iii) reduction of the width of their 
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deposition zones during the sedimentary stage (ΔL1), and  
(iv) this reduction during the synorogenic stage (ΔL2), and (v) 
densometric correction (Δd), which represents densification 
degree of clay lithofacies.

The value of width reduction (shortening) ΔL2, which is 
54.3 km (Fig. 13), was calculated as an average value of tec-
tonic reduction from palinspastic models of No. III, IV, and V 
traverses positioned within the study area (Kuśmierek & 
Baran 2016, table 1). The ratio of ΔL2 value to the number of 
subhorizontal movements of the basement obtained in the 
above-discussed models (ΔLp = 72.9 km) gave the value 0.74 
of tectonic convergence coefficient. Considering the averaged 
amount of basement transport for the whole compressional 
regime calculated as 119 km (after Kuśmierek 1996; 
Kuśmierek et al. 2001), the value ΔL1 calculated as (119.0–
72.9) × 0.74 equals 34.3 km.

The amount of subsidence (ΔS) was reduced:
•	 for the synorogenic stage, by the amount of uplift (ΔW) 

referred to the amount of synsedimentary erosion (es);

•	 for the post-sedimentary stage, by the amount of uplift of 
area morphology (related to the sea level datum) and by the 
amount of post-sedimentary erosion (ep) (from Kuśmierek 
et al. 1995, 2001, Maćkowski et al. 2009).
The geometry of hypsometric curves illustrates strongly 

increasing subsidence in the synorogenic stage that corre-
sponds to the number of subhorizontal displacements (ΔL2 and 
ΔL1) and documented by the highest deposition rate of the 
Krosno lithofacies (average value about 150 m/Ma; from 
Kuśmierek 1990), simultaneous with its tectonic deformation 
and erosion of synsedimentary uplifts.

Different subsidence trends of the bottom of the Oligocene 
formation in comparison with the bottom of the Senonian 
succession triggered the disharmonic tectonic style in the 
study area. Fading compression was accompanied by gene
rally concordant uplift of both sedimentary covers during  
the post-inversion stage, controlled by isostasy and supported 
by the amount of erosion of uplifting tectogene (Kuśmierek 
1990).
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Kinematic models of the rate of tectonic movements of 
sedimentary cover and its basement

Reconstruction of the rate of tectonic movements was based 
on the integration of the following elements:
•	 projection of recent and initial (precompressional) tectonics 

of the top of consolidated basement using the Radoszyce–
Przemyśl magnetotelluric cross-section (Fig. 6);

•	 the results of palinspastic reconstruction of Oligocene–
Lower Miocene sediments and their basement during the 
synorogenic stage (from No. V traverse of position similar 
to the line of magnetotelluric cross-section, table  1 in  
Kuśmierek & Baran 2016), supported by the total amount of 
basement displacement along that traverse in the Upper 
Cretaceous–Paleogene period (from Kuśmierek 1996,  
Figs. 5 and 6);

•	 averaged convergence and subsidence models ascribed to 
structural datum surfaces (P – top of the basement, S – bottom 
of Upper Cretaceous–Eocene formations and O – bottom of 

Oligocene–Lower Miocene formations) of distinguished 
structural elements in the CDOC and on the platform slope, 
as well as stages of their compressional evolution in geolo
gical periods (geological time scale from Ogg et al. 2016) 
and taking into account their propagation towards the 
Carpathian Foredeep (Fig. 14).
The kinematics of tectonic movements of the above-men-

tioned structural elements (zones) and structural surfaces is 
presented by synthetic diagrams of their resultant rates, which 
are controlled by:
•	 the amounts of convergence (horizontal displacement) and 

subsidence during the sedimentation stage (in fact, the sedi-
mentation-tectonic, pre-orogenic stage) marked (v1), and 
during the synorogenic stage, marked (v2); 

•	 the Δv2 values, i.e. the difference between burial rates of 
datum surfaces: the top of the basement (P) and the bottom 
of Oligocene–Lower Miocene formations (O) during the 
synorogenic stage. 
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The element ACDOC in Fig.  14 shows the averaged rate of 
tectonic movements within the structural elements of CDOC 
in comparison with the diagram of the Skole Nappe anticli
norium localised on the platform slope.

The rates of tectonic movements determined for the synoro-
genic stage are about 3 times higher than those obtained for 
the sedimentary-tectonic stage. This is particularly evident in 
diagrams representing the basement top surface in the inner 
zone of the Silesian Synclinorium, which was affected by the 
formation of longitudinal, sub-vertical, Type 2 compressional 
sutures. Amplitudes of these sutures depend on their throw 
values h1–h2 (Fig. 6) and the amount of uplift during the 
post-inversion stage, following the vertical component model 
of tectonic movements (Fig. 13).

For all diagrams, the amounts of horizontal displacements 
during both the sedimentation and the synorogenic stages 
were adjusted to the total convergence of the consolidated 
basement in the geological periods: 89.8–16.0 Ma for the 
Silesian Nappe (facies) and 84.2–11.6 Ma for the Skole Nappe 
(facies). These time spans correspond to deposition episodes 
of the Upper Cretaceous–Lower Miocene formations of the 
Silesian and the Skole facies before their tectonic inversion 
stage. It must be emphasized that small, horizontal displace-
ments were neglected (for details, see Kuśmierek & Baran 
2016, Fig. 10a). Within the geological periods mentioned 
above, for synorogenic sedimentary cover and its basement, 
different time spans were adopted for the Silesian facies: 
33.9–16.0 Ma and for the Skole facies: 28.0–11.6 Ma (under 
the chronostratigraphic model in Fig.  3A). This provided  
a better fitting when compared to the model presented pre
viously by Kuśmierek & Baran (2016, table 1).

According to Kuśmierek et al. (1991–1994), during the syn-
orogenic stage, the amount of basement convergence within 
the range of the Silesian facies (i.e., Silesian and Subsilesian 
nappes, jointly) was 39.8 km and within the Skole facies, it 
was 29.2 km. The calculated tectonic convergence coefficient 
value of the basement for the frontal Skole overthrust was 0.15 
during the synorogenic stage. This value was accepted as valid 
for the sedimentary–tectonic stage. For the convergence of 
synorogenic sedimentary cover (Silesian facies – 31.3 km and 
Skole facies – 28.3 km), this coefficient was about 0.05. 

The amount of subsidence, which is the vertical component 
presented in the Sn and O diagrams (Fig. 14), was determined 
from the archival datasets (from Kuśmierek et al. 1991–1994) 
and integrated with the magnetotelluric cross-section (Fig. 6). 
Additionally, the averaged values of subsidence of distin-
guished structural elements were integrated as well, and deter-
mined from the intersections of overthrusts and corresponding, 
hypothetically-interpolated depths to the top of the consoli-
dated basement (h1–h7) of: (i) Dukla Nappe (h1), (ii) thrust of 
the inner zone of Silesian Synclinorium over the outer zone 
(h2), (iii) thrust of the Subsilesian Nappe (h3 and h4), (iv) thrust 
of the Skole Nappe (h5 and h6), and (v) boundaries separating 
its synclinoria and anticlinoria (h7; from Kuśmierek & Baran 
2016, Fig. 10). Averaged subsidence values represented by 
initial stratigraphic thicknesses determined from burial depth 

maps for the preinversion stage (from Kuśmierek et al. 1991–
1994, app. 9A, B, C, app. 25A, C) were adjusted to detailed 
chronostratigraphic intervals ascribed to deposition periods of 
the Silesian and the Skole facies (Fig. 14). 

One important factor in the concept of inversion tectonics of 
the CDOC is the evident diversity of resultant rates of tectonic 
movements observed for the top of the consolidated basement 
and the bottom of the Oligocene sedimentary cover (ΔP-O) 
during the synorogenic stage. This is especially well-marked 
in the area between the CDOC and the platform slope (anticli-
norium of the Skole Nappe). Within the CDOC, the difference 
among these resultant rates varies from 0.67 to 0.23 km/Ma 
(0.39 km/Ma, on average) and is much higher than the value 
for the platform slope: 0.08 km/Ma (Fig. 14 and 14ACDOC).

Scenario of inversion tectonic movements –  
a discussion 

Regional geostructural background

The monovergent geometry of nappes thrusts overlapping 
the dislocated segments of the basement suggests a common 
scenario of their geodynamic evolution caused by diachronous 
subduction of the foreland platform (e.g., Bally 1975; 
Kuśmierek & Ney 1988; Konečný et al. 2002).

The southern range of subduction is contoured by 0-values 
of the geomagnetic induction vector (Fig. 1), which discloses 
the collision zone of the foreland platform with the lithosphere 
of the Internides (Jankowski et al. 1979). Depth to the plat-
form top surface increases from 16 to 25 km east from the M-J 
deep fracture (Praus et al. 1981; Żytko 1999) and correlates 
with an abrupt reduction of crustal thickness on the northern 
slope of the Pannonian mantle diapir (Zeyen et al. 2002, pro-
file V; Bezák et al. 2023).

The radial propagation of subduction advancing from the 
collision zone towards the flexural slope of the platform was 
controlled by segmentation of the platform basement, concor-
dant with the northeastern trend of expansion of nappes over-
thrusts (see e.g. Jiříček 1979; Oszczypko & Ślączka 1985).

Considering the oroclinal shape of sedimentary basins asso-
ciated with the pre-orogenic uplift of the Pannonian mantle 
diapir, the key factors influencing the diversity of evolution 
models of compression are transversal deep fractures, which 
rotated the basement segments (Doktór et al. 1990; Ryłko & 
Tomaś 2005). The presence of such deep fractures is revealed 
by discrepancy of nappes sheets and change of nappe-sheet 
tectonic style observed in the western part of the Polish 
Carpathians (where the platform slope is relatively shallow) 
into the nappe-fold style in the CDOC. Such style suggests 
vertical rotation of subduction zones in the younger Cenozoic, 
thus generating discontinuities in the sedimentary cover.

The subduction of the European Platform was driven by  
the expansion of both the Northern Atlantic and Arctic rifts 
(Książkiewicz et al. 1977). Its older sedimentary-tectonic stage 
(Upper Cretaceous–Eocene) revealed progressive segmentation 
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of a sedimentary basin into the subbasins of diverse facies 
development and thicknesses of coarse-detrital formations. 
The subbasins were bordered by synsedimentary uplifts trig-
gered by the isostasy of doubled basement segments. During 
that stage, the essential structural discontinuity was formed, 
represented by subhorizontal decollements of sedimentary 
cover (i.e., in-sequence regional overthrusts) from the top sur-
face of the consolidated basement, which gave rise to different 
styles of tectonic deformations (Kuśmierek 2010).

The recent tectonics of the Outer Carpathians was decisively 
influenced by the synorogenic stage of compression associa
ted with the oroclinal migration of subduction and Neogene 
volcanics along the Carpathian arc (Burchfiel & Royden 1982; 
Konečný et al. 2002; Kuśmierek & Baran 2016). This model is 
typical of the northern branch of the European Alpide belt and 
supports the concept of subduction segmented by subparallel 
deep fractures (Ashgirey & Kropačev 1984; Roure et al. 1993; 
Kuśmierek et al. 2001).

Central Depression of the Outer Carpathians (western part)

The geological reinterpretation of magnetotelluric soun
dings recorded with the MT-1 system provides a new, detailed 
image of the consolidated basement (Figs. 6, 7) in comparison 
with the previous results (e.g., Stefaniuk 2003, 2006; Stefaniuk 
et al. 2009). This image enables researchers to compare the 
evolving basement structure with the compressional tectonics 
of: (i) tectono-erosional discontinuities at the bottom of flysch 
formations and (ii) the younger structural discontinuity at the 
bottom of the synorogenic sedimentary cover (Figs. 8–12), 
induced by isostatic rebound of subducted basement 
segments.

The western part of the CDOC is cut by two regional, trans-
versal deep fractures: M-J and Ł-P already identified by palin-
spastic reconstruction of the compressional orogenic stage.  
At the beginning of this stage, the deposition range of epicon-
tinental Skole subfacies had been greatly extended (by some 
tens of kilometres) in comparison with the recent position of 
the frontal overthrust of the Skole Nappe (Kuśmierek & Baran 
2016, Figs. 8, 10).

The recent flexural platform slope is surrounded by deep 
basement depressions of the CDOC inherited after the synoro-
genic stage. Therefore, the basement is a complicated mosaic 
of tectonic blocks separated by faults (e.g., Doktór et al. 1990; 
Kuśmierek 2010), as demonstrated by the non-continuous 
intersection of the axes of gravity anomalies (Figs. 1, 6, 7).

Converging directions of longitudinal deep fractures (ope
rating as compressional sutures having maximum amplitudes 
of displacements) and the strikes of nappes overthrusts  
(Fig. 7) suggest a common scenario of the geodynamic evolu-
tion of sedimentary covers and their basement; however, of 
strongly diverse geometry and kinematics of tectonic 
deformations.

The highest rate of tectonic movements was observed during 
the synorogenic stage, as indicated by the values of conver-
gence and subsidence coefficients (Figs. 13, 14). It was driven 

by the vertical trend of movements of basement segments in 
the subduction zone. This trend was increasing from the plat-
form slope towards the southern margin of CDOC, in the zone 
of collision with the lithosphere of the Internides where 
Neogene magmas were generated (Konečný et al. 2002). This 
stage was also associated with the development of depocenters 
of synorogenic sedimentary cover (Figs. 2, 3, 6) and was com-
bined with the burial of eroded-off, initial synsedimentary 
uplifts.

The reduction (narrowing) ratio of sedimentary cover in 
relation to its basement during the synorogenic stage, with an 
average value of 0.74, justifies the origin of structural discon-
tinuity (IN) located at the bottom of the synorogenic sedimen-
tary cover (Figs. 8–12).

The inversion of the CDOC tectonics was undoubtedly 
directly influenced by deep fractures, which controlled the 
rotation and/or the directions of movements of the consoli-
dated basement marked in Fig. 7, e.g.:
•	 the Y1 deep fracture, which shortened the width of the inner 

zone of the Silesian Synclinorium and triggered the deve
lopment of numerous duplexes, not found on the north
western part of the longitudinal cross-section (Fig. 10);

•	 the oblique-slip Ł-P deep fracture (Figs. 6, 7), whose origins 
in the zone of frontal overthrust is related to the Przemyśl 
Sigmoid (Kuśmierek 2010; Kuśmierek & Baran 2016). In 
the southern part of the CDOC, this deep fracture shows 
transpressive nature and duplicates the segments of the con-
solidated basement (Fig. 5) In the eastern part of the CDOC, 
the Ł-P fracture is accompanied by several second-order 
faults (marked X1, X2-3 and X4, in Fig. 7), whose contour 
disharmonic folds within Cretaceous–Paleogene formations 
and backthrows in the foreland of the Dukla Nappe (Fig. 5), 
(Kuśmierek 1979, 2010).
The presence of backthrusts, which is typical of the southern 

margin of the CDOC, indicates the advanced compression 
during the synorogenic stage and is reflected by the recon-
structed amount of synsedimentary erosion (Fig. 13) and 
diverse morphology of the study area (Kuśmierek 1990; 
Kuśmierek et al. 2001).

Summary

•	 Reinterpretation of the new geophysical images provides 
detailed geometry of the inversion tectonics of the CDOC, 
previously concluded only from the profiles of deep wells.

•	 Inversion tectonic structures disclosed by deep cross-sec-
tion are contoured by surfaces of tectonic and erosional dis-
continuities, deep-seated faults, nappes and out-of-sequence 
thrusts, second-order duplexes, and local backthrusts.

•	 The oldest tectonic discontinuities are transversal, oblique-
slip deep fractures, which rotated the segments of the con-
solidated basement and were still active in the Neogene. 
Their initial evolution might have been related to the 
pre-compressional stage of expansion of sedimentary 
basins. 
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•	 The younger, subhorizontal, in-sequence thrusts were 
generated by decollements of flysch sediments susceptible 
to deformations (mostly Cretaceous clayey rocks) from the 
tectonic-erosional top surface of the consolidated basement 
(less commonly from the younger, thick-bedded sandstone 
formations). This process was synchronous with the propa-
gation of subduction towards the foreland associated with 
the consumption of the foreland in the areas of inner synse
dimentary uplifts.

•	 Accommodation of the initial width of the subducted fore-
land platform was intensified during the synorogenic stage, 
due to vertical rotation of platform segments cut by the 
youngest generation of vertical, longitudinal deep fractures. 
During that stage, the younger structural discontinuity was 
generated at the bottom of the synorogenic sedimentary 
cover.

•	 Convergent directions of sub-vertical deep fractures and 
intersections of thrusts (as well as the axes of minimum 
gravity anomalies), along with discrepancy of sedimentary 
nappes superimposed on the zones of regional transversal 
fractures, all suggest a common scenario of geodynamic 
evolution of sedimentary covers and their basement, which 
is in contrast to the hypothesized thin-skinned tectonics of 
the Outer Carpathians.

•	 The credibility of the interpretation of new geological and 
geophysical images of CDOC inversion tectonics is sup-
ported by kinematic models generated from separate archi-
val datasets.
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