
INTRODUCTION

The aim of this study is the reconstruction of
the structure and structural evolution of a part of
the Silesian nappe in the eastern part of the
Polish Outer Carpathians in the Bieszczady Mts.

It is one of the few comprehensive structural stud-
ies in the Polish Outer Carpathians based on
detailed field studies (e.g., MASTELLA 1988;
ALEKSANDROWSKI 1989; KONON 1999, 2000).
Except for the papers by TOKARSKI (1975),
KUÂMIEREK (1979) and MASTELLA (1995), no
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detailed structural analysis, based also on seismic
and borehole data has been made in the eastern
part of the area.

The studies were carried out in several stages.
The first stage included the analysis and interpre-
tation of geological maps (ÂLÑCZKA 1957;
MALATA 1997), aerial and radar photos, borehole
(Polish Geological Institute archives) and seismic
data (M¸YNARSKI & al. 1982; STEFANIUK 2001;
RY¸KO & TOMAÂ 2005). The second stage focused
on field geological mapping in ca. 1500 outcrops
within an area of about 200 km2. Lithology, bed-
ding and mesostructures in particular were stud-
ied in each outcrop. A total of 1600 bedding
planes, 2300 fractures (joints, master joints, cleav-
age), 500 faults and tens of folds, boudinage and
clastic dykes have been measured. The last stage
included statistical analysis of the structural data
using structural software (Stereonet ver. 3.0,
Tectonic FP ver. 1.6, Geocalculator ver. 9). The
analysis of map-scale and mesoscopic tectonic
structures has enabled their origin to be inter-
preted.  Palaeostress fields have also been recon-
structed together with the stages of structural
evolution of the study area. As a result, a map and
geological cross-section at the scale 1: 25 000
were compiled.

The study area has a structure typical of this
fragment of the Carpathian arc, and it can there-
fore serve as reference for the structural evolution
of the nappe system in the area.

GEOLOGICAL SETTING

The Outer Carpathians arc stretches more than
1300 km from the Vienna Forest to the Iron Gate
on the Danube. The Outer Carpathians are com-
posed mainly of flysch sequences and form an
accretionary prism which originated during the col-
lision of the Alcapa and Tisza-Dacia microplates
(CSONTOS & al. 1992; FODOR & al. 1999) (Apulia
plate – PICHA 1996) with the North European plat-
form. They are built of stacked nappes, which were
folded and thrust during late Oligocene to middle
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Fig. 1. Tectonic-sketch map of the Northern Outer Carpathians (after OSZCZYPKO 2004, modified) with location of the study area



STRUCTURAL EVOLUTION OF THE SILESIAN NAPPE 481

Fig. 2. A – Michalovce–PrzemyÊl deep geological profile (after RY¸KO & TOMAÂ 2005, modified). B – Wola Michowa–Krasiczyn magne-

totelluric profile (after STEFANIUK 2001, slightly modified). C – Part of Baligród–Radymno seismic-reflection profile (M¸YNARSKI & al.

1982, modified and reinterpreted)



Miocene times (OSZCZYPKO 2004). In Poland they
include: the Magura, Dukla, Silesian, Subsilesian
and Skole nappes (Text-fig. 1).

A crucial role in the structure of the Polish
Outer Carpathians is played by the depth of the
basement and its palaeorelief (Text-fig. 2). Seismic
(including magnetotelluric) studies indicate that
in the eastern part of the Polish Outer
Carpathians the basement lies distinctly deeper
than in the western part (KSIÑ˝KIEWICZ 1972). On
the Michalovce–PrzemyÊl deep geological profile
(RY¸KO & TOMAÂ 2005), the consolidated base-
ment under the Silesian nappe lies at a depth of
about 18 km (Text-fig. 2A). Moreover, it is cut by
several faults, which evidently disturb its relief
(Text-fig. 2A, B) and have influence on the tecto-
nics of the flysch nappes.

In the eastern part of the Silesian nappe the
basement deepens progressively southwards (Text-
fig. 2B). Accordingly, the sole thrust of the Silesian
nappe also deepens (Text-fig. 2C) and lies at a
depth of about 6-7 km (OSZCZYPKO & al. 1998)
below the study area. In its marginal part the sole
thrust is underlain by folded flysch rocks belonging
to the Subsilesian unit and the Skole nappe (op.
cit.) and, farther to the south, by Neogene
autochthonous deposits, Palaeozoic–Mesozoic
rocks, as well as Proterozoic rocks of the consoli-
dated basement.

The deep location of the faulted basement
and the presence of thick flysch sequences
implies a complex fold-thrust structure of the
Silesian nappe in the eastern part of the Polish
Outer Carpathians, including the study area. In
cases when the basement occurs at smaller
depths, the style of the nappe structure is less
complicated, as can be observed in the western
part of the Polish Outer Carpathians (KSIÑ˝-
KIEWICZ 1972).

In Poland, the Silesian nappe stretches from
the Cieszyn area in the west to Ustrzyki Dolne in
the east. The orientation of the main (regional)
structural directions within the Silesian nappe
(Text-fig. 1) changes from SWW–NEE in the
west, through W–E in the middle part, to NW–SE
in the east.

In the eastern part the Silesian nappe is subdi-
vided into two tectonic subunits (Text-fig. 1): the
Central Carpathian Depression (CDK,
TO¸WI¡SKI 1933) and the Fore-Dukla thrust sheet
(FDTS, ÂWIDZI¡SKI 1958), which are separated

from each other over a distance of about 80 km by
a fault (in part a typical thrust) displaying a vari-
able character.

The general structure of the CDK has been
described in a number of papers (ÂLÑCZKA 1957,
1961, 1968; WDOWIARZ 1980, 1985). This unit,
located between the Gorlice meridian in the west
and the Polish-Ukrainian border in the east, is the
main tectonic unit of the Silesian nappe in the east-
ern segment of the Polish Outer Carpathians (Text-
fig. 1). In the study area the CDK comprises only
the Oligocene to lower Miocene (MALATA 1997)
Lower Krosno beds.

The FDTS was described for the first time by
OPOLSKI (1930) as a zone of strongly uplifted folds
located in the foreland of the Dukla nappe. It is a
narrow zone (Text-fig. 1) stretching from the
Ukrainian border in the south-east to the Dukla
area in the north-west. ÂLÑCZKA (1963, 1968) sub-
divided the FDTS into two parts along the Suli∏a
dislocation (Text-fig. 3): the western part with a
simple structure and the eastern part with a rather
complex structure. The complex internal structure
of the FDTS (MASTELLA 1995) is the result of the
great incompetence of the rocks forming it and its
location between two units (Dukla nappe and
CDK) composed of competent rocks in their mar-
ginal parts. Details of the  lithostratigraphic suc-
cession of the FDTS were documented by ÂLÑCZ-
KA (1959) and KUÂMIEREK (1979).

The study area is generally located within the
CDK, however, in order to determine the geometry
and origin of the FDTS/CDK fault, a narrow part of
the FDTS was also studied.

STRATIGRAPHY 

The flysch rocks which belong to the Silesian
series represent Lower Cretaceous to Lower
Miocene strata and comprise the Cieszyn, Lgota,
Istebna, Hieroglyphic, Menilite, Transition and
Krosno beds (ÂLÑCZKA 1959; KUÂMIEREK 1979). In
the study area (Text-fig. 4B) the Silesian series
comprises only the Cieszyn and Transition beds in
the FDTS and the Lower Krosno beds (GUCIK &
WÓJCIK 1982; MALATA 1997) in the CDK.

The Lower Cretaceous Cieszyn beds (C) crop
out only in the south-western part of the study area
(Text-figs 3, 4A – cross-section G–H). They include
dark grey and black thin- to medium-bedded,
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Fig. 3. Geological map of the study area
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Fig. 4.  A. Geological cross-sections through the study area. B. Simplified stratigraphic profile of the Silesian nappe



medium- and fine-grained sandstones with a
strongly calcareous matrix, intercalating with black
and dark grey mudstones and shales with a
siliceous, occasionally calcareous matrix. Medium-
bedded sandstones dominate in the upper part of
the succession. The thickness of these beds is esti-
mated at 300 m (Text-fig. 4B).

The Oligocene Transition beds (T) crop out in
the south-western part of the study area (Text-
figs 3, 4A – cross-sections C–D and E–F) and
include elements typical of the older Menilite
beds as well as the younger Krosno beds. They
consist of dark grey thin- and medium-bedded
fine-grained sandstones with intercalations of
dark and grey shales as well as single beds of
ankerites (ferruginous dolomites), mudstones
and thick-bedded sandstones. The thickness of
the Transition beds is variable and reaches up to
250 m (Text-fig. 4B).

The Oligocene to Miocene Lower Krosno
beds occur almost throughout the entire study
area (Text-figs 3, 4A) and, based on lithology, can
be subdivided into three distinct parts (Text-fig.
4B). The lower part (KL) consists of grey thin-,
occasionally medium-bedded fine- and medium-
grained sandstones intercalated with grey marly
shales with a calcareous matrix. Sporadically, sin-
gle beds of ankerites and thick-bedded sand-
stones also occur. The total thickness is 650 m.
The middle part (KM) is composed of thick- and
medium-bedded sandstones with intercalations of
dark grey shales and mudstones. Two facies can
be distinguished here. In the north-western and
north-eastern part of the study area occur sand-
stones of the ‘Lesko sandstones’ facies (MALATA

1997); in the south-east the ‘Otryt sandstones’
facies is developed (SIKORA 1959). The latter
facies is characterized by greater thicknesses of
the sandstone beds and also includes conglomer-
ates, which, as resistant rocks building their
ridges, are very important in the structure of the
highest ranges of the Bieszczady Mts. The thick-
ness of the ‘Lesko sandstones’ reaches 2500 m
and that of the ‘Otryt sandstones’1175 m. The
upper part (KU) comprises grey and dark grey
marly shales and mudstones intercalated with
grey thin- and medium-bedded sandstones, which
become sparse upwards in the succession. The
thickness of this beds changes from 800 m in the
north-western to 1350 m in the south-eastern part
of the study area.

THE STRUCTURE OF THE CENTRAL
CARPATHIAN DEPRESSION

The CDK comprises a sequence of fold-thrust
structures, the geometry of which has not been
described in detail until now. These structures form
thrust sheets (BOYER & ELLIOTT 1982) referred to
as regional-scale slices with NW–SE trend, and
which are separated by thrusts and cut by map-scale
faults. 

Structure of slices – description

In the study area fragments of four slices occur.
From north to south they comprise the Czaszyn (I)
Mokre-N (II), Mokre-S (III) and Szczawne (IV)
slices. In order to describe their structure in detail,
each slice was subdivided into several domains
(Text-fig. 5). 

The main structures which build each slice are
anticlines (Text-figs 3, 4A). In the south-east syn-
clines also occur within the Mokre-S and
Szczawne slices. Each of the slices (except for the
Mokre-N slice) is composed of all three parts of
the Lower Krosno beds. The competent middle
part of the Lower Krosno beds maintains the
geometry of the folds. The other two parts are
mostly incompetent – the lower part crops out in
the cores of anticlines whereas the upper crops
out in front of the thrusts separating the slices.
The structure of the slices is described below from
north-west to south-east.

The Czaszyn slice (I) has a width of about 5.5
km (Text-fig. 3) and comprises an anticline. In the
back-limb the beds in a normal position are charac-
terized by orientations of 219/60 and 223/45 (Text-
fig. 5-Ia), through 218/40 and 208/65 (Ib), up to
217/70 and 222/55 (Ic). In the fore-limb the beds in
a normal position display a progressively increasing
dip from the north-west to the south-east, from
40/65 (Ia), through 30/88 (Ib), up to 38/90 (Ic).

The hinge zone is represented by a narrow belt
about 250 metres wide. The dips change rapidly
from S-directed (fore-limb) to steep N-directed or
overturned S-directed (back-limb).

The anticline axis (Text-fig. 5) is orientated at
309/2, through 120/4, to 126/4. Accordingly, in the
western part (Text-fig. 3) occurs a culmination with
an exposure of the lower part of the Lower Krosno
beds. Axial surfaces of the anticline are orientated
at 216–227/65–87, with a westwards trend of
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increasing dip. The interlimb angle measured near
the surface decreases successively from north-west
to south-east from 55°–70°, through 29°–49°, to
23°–38°.

The Mokre-N slice (II) is the narrowest slice
(Text-figs 3, 4A) and is characterized by a different
structure from that of the other slices. This slice
occurs in a 1.2-1.5-km wide zone in the marginal
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Fig. 5. Tectonic sketch map of the study area with contour diagrams of bedding planes within particular domains, showing the internal 

structure of the slices in CDK



parts of the study area and a 2.5 km wide zone in its
middle part. In the north-west, the bedding planes
(Text-fig. 6) are typically overturned with an orien-
tation of 210/65 (IIa), and in the middle part beds
with a normal and overturned position orientated
at 252/40 are the most common. In the south-east
the bedding planes are typically orientated at 32/90
(IIb).

The simplest structure of the Mokre-N slice is
observed in the Os∏awa river (Text-fig. 4A – cross-
section A–B). In the Tarnawka stream three sec-
ond-order folds are seen: two anticlines separated
by a syncline (Text-fig. 4A – cross-section C–D).

They represent overturned NE-verging similar
folds, partly cut by second-order thrusts. In the
south-east (Hoczewka river) the structure consists
of an anticline represented by an almost isoclinal
similar fold.

The Mokre-S slice (III) crops out in a zone 4 km
wide in the west, through 2.5 km in the middle part,
to 4.5 km in the east. The main structure within this
slice is an anticline (Text-figs 3, 4A); in the south-
west, there is also syncline in front of the Szczawne
slice.

The back-limb of the anticline is dominated by
normal bedding orientation (Text-fig. 5) changing
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Fig. 6.  Tectonic map of the south-eastern part of the study area with contour diagrams of bedding planes within the subdomains



from 223/40 (IIIa), through 220/38 and 222/60
(IIIb), to 203/20 (IIIc). In the fore-limb the bedding
is also in a normal position with orientations from
52/75 (IIIa), through 35/45 (IIIb), to 33/90 (IIIc). In
the hinge zone occur numerous second-order folds
and steep reverse faults. The anticline axis changes
its orientation (Text-fig. 5) from 140/6 to 304/2.
Axial surfaces are orientated at 220–228/70–80,
whereas the interlimb angles range from 45°–65°,
through 20°–35°, to 50°.

In the south-western part of the Mokre-S slice
there is a syncline in front of the thrust of the
Szczawne slice (Text-figs 3, 4a – cross-section
G–H). The north-eastern limb of this syncline is
dominated by 229/40 bedding in a normal position
(Text-fig. 6 – IIIc1) and the south-western limb is
orientated at 41/76 in a normal position to 227/80 in
an overturned position. The hinge zone is over a
dozen metres wide. The syncline axis is orientated
at 135/3, the axial surface at 224–228/60–72, and the
interlimb angle range from 40° to 64°.

The Szczawne slice (IV) crops out in a zone 2.5
km wide in the north-west to 1.5 km wide in the
south-east. This slice is cut by the Rabe–Baligród
fault zone (see below), along which occur distinct
changes in its internal structure. The Szczawne slice
is composed of an anticline, and in the south-west-
ern part also of a syncline.

The wide back-limb of the anticline is dominat-
ed by normal bedding orientation at 211/80 in the
north-west (Text-fig. 5 – IVa), 204/67 and 250/45
(IVb) in the middle part and 232/69 and 256/80 in
the south-east (Text-fig. 6 – IVc). South-eastwards
from the Rabe–Baligród fault zone the back-limb
is orientated at 45/79 in an overturned position. In
the fore-limb the beds are orientated at 33/68
(Text-fig. 5 – IVa) north-west of the slice, 22/90 in
the middle part (IVb), to 44/79 (IVc) in the south-
east in an overturned position. Beginning from the
Rabe–Baligród fault zone, the back-limb is
reduced along the thrust separating it from the
Mokre-S slice.

The anticline axis (Text-fig. 5) changes its orien-
tation from 125/5, through 114/2, to 315/5. Such
undulations of the fold axis result in the existence of
two culminations separated by a depression in the
middle part of the slice (Text-fig. 3). Axial surfaces
are orientated at 212/78, through 40/86, to 228/88.
The interlimb angle ranges from 47° in the west,
through 23°–32° in the middle part, to 33° in the
east.

In the FDTS foreland, there is a syncline with-
in the zone of bending of the thrust separating it
from the CDK (Text-fig. 3). North-westwards from
the Rabe–Baligród fault zone (Text-fig. 6 –
IVc2NW), the north-eastern limb of the syncline is
orientated at 61/60 and the south-western limb at
230/60. The orientation of the syncline axis is
320/4, of the axial surface 145/90 and the interlimb
angle is 61°. South-westwards from the fault zone
(Text-fig. 6 – IVc2SE) the bedding planes are typi-
cally orientated at 60/68. The south-western limb
of the syncline is also cut by a second-order thrust
(Text-figs 3, 6).

Thrusts which separate the particular slices are
parts of map-scale (regional) NW–SE-trending
thrusts (Text-fig. 3) and tens of kilometres long. 

The northernmost thrust separates the
Czaszyn slice from the Tarnawa-Wielopole fold
(ÂLÑCZKA 1968) and has an orientation of 215/50-
65 (Text-figs 3, 4A). The next thrust, the Mokre-N
thrust, is orientated at 220/60-70. Between the
Tarnawka stream and the Hoczewka river the
intersection line of the Mokre-N thrust is dis-
placed distinctly to the north-east (Text-fig. 3)
along strike-slip faults. The Mokre-S thrust is ori-
entated at 220/70 in the north-west, through
250/65 between the Os∏awa river and the
Tarnawka stream, to 215/70–80 in the south-east.
The surface of the Szczawne thrust is orientated at
215–225/50–60 in the north-west; south-eastwards
it becomes steeper and orientated at 230/70 and
240/90. The orientation of the Szczawne thrust
changes to 50/80 in the south-east beyond the
Rabe–Baligród fault zone.

In outcrops the thrusts can be observed as
zones tens of metres wide. Within them occur
breccia, cataclasites and strong deformations,
which prevail in the footwall thrust block com-
posed of the incompetent upper part of the Lower
Krosno beds. Mesoscopic folds with the axes ori-
entated parallel to the strike of the thrust surface
are also observed. The breccia is composed of
fragments of rocks ranging from a few centimetres
to a few metres in diameter and with different
degrees of rounding. Particular fragments are
often strongly fractured and slickensided and
occur within strongly folded dark grey and black
shales. The cataclasites are composed of a blue-
grey clayey mass. Hydrogen sulphide leakages and
tufas (cold-water travertines) often occur within
the thrust zone (Text-fig. 3).
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Structure of slices – discussion and interpretation

The geological structure of the study area was
not previously interpreted as a slice structure. The
names of each slice are generally consistent with
the names of folds as applied by ÂLÑCZKA (1957,
1968) and M¸YNARSKI & al. (1982). The slices stud-
ied are parts of regional-range slices. From north to
south these regional slices comprise: the Czaszyn –
Polany – Skorodne (I) slice, the Mokre N – Rajskie
– Otryt (II) slice, the Mokre S – Zatwarnica (III)
slice and the Bóbrka – Rogi – Szczawne – Suche
Rzeki slice. The syncline located in the south-east-
ern part of the Mokre N slice (Text-figs 3, 6) is part
of the Baligród syncline (ÂLÑCZKA 1961; MALATA

1997) which, to the east, equates with the Magurka
– Sto∏y syncline. The syncline in the southern part
of the Szczawne slice is the equivalent of the
Roztoki Dolne syncline (ÂLÑCZKA 1963) which, to
the east, equates with the Po∏oniny syncline
(MASTELLA 1995). To the east, the prolongation of
the Mokre-N thrust (Text-fig. 3) is the Otryt thrust,
which divides the Bieszczady Mts. into two facial
sub-regions.

The anticlines which form the slices have similar
geometries (Text-fig. 4A). They include asymmetri-
cal folds with wide back-limbs and very narrow and
steeply dipping fore-limbs cut by thrusts. They rep-
resent similar folds with a narrow hinge zone which
– close to the surface – are upright or NE-verging
inclined or overturned folds (Text-fig. 4A).
According to borehole data (Czaszyn 1 and
Czaszyn 2 boreholes – PGI archives), the inclina-
tion of the folds increases with depth. Small undu-
lations of the anticline axes confirm the existence of
culminations and depressions (Text-fig. 3). The
lower part of the Lower Krosno beds is exposed
within the culminations. The magnitudes of the
interlimb angles described above indicate that the
folds are tight to close. Moreover, changes in the
magnitudes of the interlimb angles, together with
the variable width of the slices and different
degrees of complexity in their internal structure
(related to lithology) indicate variable tectonic
shortening. In general, both the shortening and the
complexity increase from west to east and from
north to south.

The structure of the Mokre-N slice (Text-figs 3,
4A) should be interpreted separately, because of
the differences in comparison to the other slices.
The Mokre-N slice is composed only of the middle

part of the Lower Krosno beds. The south-eastward
increase in the complexity of this slice results from
the presence there of more incompetent beds (thin-
ner sandstone beds, prevalence of shales). At an
early stage of its evolution the Mokre-N slice was
probably an integral part of the Mokre-S slice (II),
forming the fore-limb (north-eastern limb) of the
anticline. Later, a thrust was initiated in the hinge
zone, subdividing the anticline into two indepen-
dent slices. The thrust can be interpreted as an into-
anticline thrust (MITRA 2002).

In the south-eastern part of the study area two
synclines originate. They represent regional struc-
tures which extend to the Polish-Ukrainian border.
The Baligród – Magurka Sto∏ów syncline is an
inclined NE-verging concentric fold (Text-fig. 4A –
cross-section G–H). The Roztoki Dolne syncline is
an upright or inclined NE-verging similar fold
(Text-fig. 4A); to the south-east of the Rabe –
Baligród fault zone its geometry changes to a SW-
verging concentric fold.

Thrusts separating the slices dip steeply near
the surface, the dip decreasing progressively with
depth as suggested by borehole (PGI archives)
and seismic profile data (Text-fig. 2). They repre-
sent typical listric faults. Simultaneously, the
thrusts (with the exception of the Mokre-S thrust)
cut the forelimbs of the anticlines which form the
slices. In this respect they are forelimb-thrusts
(BUTLER 1982) forming an imbricate system
(BOYER & ELLIOTT 1982) and, more precisely,
leading imbricate fan. The thrusts join at the same
plane at a depth of ca. 6-7 km (Text-fig. 2C;
OSZCZYPKO & al. 1998) to form a single detach-
ment thrust – sole thrust.

The NW-SE thrust orientation is similar to the
fold trend. This evidences that the shortening was
the same during folding and thrusting and was SW-
NE-directed. Local trend changes can be the result
of basement palaeorelief and also of later strike-
slip faults cutting the slices. 

Map-scale faults and fault zones

Based on field investigations and interpreta-
tion of aerial photo and radar images, a variety of
map-scale faults and fault zones transverse or
oblique to the trend of regional structures have
been recognized (Text-fig. 3). The faults range from
several hundred metres to several kilometres in
length.
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Oblique faults predominate in the study area
and form two vertical or steeply dipping fault sets
with strikes between 170°-10° (first set) and 65°-75°
(second set). Map analysis (Text-fig. 3) and field
investigations indicate that they are predominantly
strike-slip faults, with the first set forming a dextral
strike-slip fault, and the second a sinistral fault.
Both sets form a complementary, conjugate sys-
tem.

The third set is composed of faults which occur
in the south-eastern part of the area westwards of
Baligród (Text-fig. 3), where the trend of the struc-
tures changes locally. The third set comprises trans-
verse vertical faults with strikes orientated at 45°-
50°. They are dextral faults which transfer the tec-
tonic structures of the Szczawne and Mokre-S slices
from the south-east to the north-west.

Two fault zones at the boundary of the CDK
and the FDTS have a crucial effect on the structure
of the study area. These zones are located between
Suli∏a Mt. and the village of Kalnica, in the north-
west, and between Rabe and Baligród in the south-
east (Text-fig. 3).

Suli∏a – Kalnica fault zone, which includes the
Suli∏a dislocation (ÂLÑCZKA 1963; TOKARSKI 1964,
1966), is composed of two S–N-striking dextral
strike-slip faults, 2-4 km long (Text-fig. 3) and two
smaller sinistral and dextral faults. Second-order
faults have also been observed at outcrop. Within
this zone, the FDTS/CDK fault changes its direc-
tion from NW–SE to W-E (Text-fig. 3), with a
simultaneous adjustment of tectonic structures
adjacent to the fault. Moreover, the internal struc-
ture of the FDTS changes from simple folded in the
west to strongly sliced in the east across this
(ÂLÑCZKA 1963, 1968). According to field studies,
the Suli∏a – Kalnica fault zone has a more complex
structure than previously suggested (ÂLÑCZKA 1963;
TOKARSKI 1964, 1966).

Rabe – Baligród fault zone (Text-figs 3, 6), not
described hitherto, is composed of two dextral and
sinistral strike-slip faults about 2 km long, which cut
the FDTS/CDK fault. The sinistral fault extends
towards Baligród as an array of en echelon faults. At
the same time, the area north-westwards of the
zone is more uplifted (Text-fig. 3), which indicates
that some of the faults can be interpreted as dip-slip
faults. The Rabe – Baligród fault zone is of region-
al importance, because south-eastwards of it a con-
siderable structural reconstruction of the marginal
parts of the CDK (SW-verging folds) and FDTS

takes place and the FDTS/CDK fault steeply dips
to the north-east. The Rabe-Baligród fault zone
originated during the latest stages of thrusting and
later during strike-slip and normal faulting.

Summing up, the map-scale faults described
above represent mainly strike-slip faults which cut
fold-thrust structures (Text-fig. 3) and thus origi-
nated at a later stage, as suggested by MASTELLA

(1988) and ALEKSANDROWSKI (1989). The oblique
conjugate fault system formed during SW–NE
compression (see also MASTELLA & SZYNKARUK

1998). The transverse fault set which occurs near
Baligród and some faults within the Rabe-
Baligród fault zone can be interpreted as a group
of tear faults which originated simultaneously with
the folding. Some of the strike-slip faults were
reactivated at a later stage as normal (dip-slip)
faults.

Mesoscopic structures

During field investigations mesoscopic struc-
tures were recognized; these originated during dif-
ferent deformation stages and can often be related
to the evolution of regional structures. Mesoscopic
folds, faults, master joints and clastic dykes are
described in detail below, whereas the joints were
investigated earlier (RUBINKIEWICZ 1998, 2002;
MASTELLA & KONON 2002).

Folds

In the study area occur mesoscopic folds with
wavelengths in the range of 0.2-15 m. Folds have
been divided into two distinct groups depending on
the plunge of the axis: vertical folds with steeply
dipping or vertical axes and folds with subhorizon-
tal or horizontal axes.

Vertical folds occur almost only within the zones
of strike-slip faults and have a very diverse geome-
try. They comprise similar, concentric as well as
disharmonic folds with steeply dipping or vertical
limbs with diverse orientations.

Folds with subhorizontal axes (Text-fig. 7) occur
in a different tectonic position: predominantly in
the hinge zones of first-order folds (FH folds), in
the limbs of regional folds (FL folds) and within
thrust zones (FT folds).

FH folds occur in the hinge zones of anticlines,
where the incompetent lower part of the Lower
Krosno beds is exposed (Text-figs 3, 4A). They com-
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prise series of asymmetrical similar folds cut by
reverse faults. 

FL folds occasionally occur in the shallow-dip-
ping back-limbs of map-scale anticlines within shale
beds (incompetent layers) located between sand-
stone beds (competent layers). They include series
of hinge zone-verging similar folds. Slickensides
which occur on the bedding planes of the folds are
secondarily folded.

FT folds occur only in the footwall thrust block.
They comprise asymmetrical similar, sometimes
concentric folds. In the fold limbs displacements on
bedding planes and lamination have been observed.
Considerable changes in thickness of the incompe-
tent layer result from the extraction of the rock
from limbs into the hinge zones. Small fold-accom-
modation faults (MITRA 2002) are also present. In
the external parts of the hinge zones occur hinge
radial (extensional) fractures.

The orientation of fold axes of all three groups
of mesoscopic folds is very similar (Text-fig. 7A)
and ranges between 100–145/0–15 and
290–320/0–15, with a dominant strike of 130°. The
axial planes of the FH and FT folds are orientated
at 217/79 (Text-fig. 7B). The south-western limbs
dip gently and the north-eastern limbs dip steeply
in a normal (north-eastern dip) or overturned
(south-western dip) position. They represent
steeply inclined or overturned NE-verging folds.
The interlimb angles of FH and FT folds vary
between 15°-60° and 70°-90° (Text-fig. 7C). Lower
values are typical of similar folds with steeply dip-
ping limbs composed of incompetent rocks,
whereas higher values are characteristic of con-
centric folds with gently dipping limbs consisting
of competent rocks.

Vertical folds are significant indicators of specif-
ic deformation styles. Because they occur in strike-
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Fig. 7. Mesoscopic folds in the CDK: A – Point

and rose diagram of fold axes (FH, FL, FT).

Arrows show general compression direction. 

B – Great circle diagram of axial surfaces of FH

and FT folds with generalized model of their

geometry. C – Frequency histogram of interlimb 

angles of FH and FT folds



slip fault zones in most cases, their origin is con-
nected with horizontal or subhorizontal displace-
ment. They originated as a result of dragging
(GRASEMANN & al. 2005).

The occurrence of FH folds in the study area
depends on the incompetence-competence of the
rocks which compose the hinge zones of regional
folds and the amount of shortening. The anticlines
which form particular slices reveal considerable
shortening (Text-fig. 4A) and their hinge zones are
composed of incompetent rocks (lower part of the
Lower Krosno beds) in which the FH folds origi-
nated.

The origin of FL folds has already been
described in the Polish (e.g., JAROSZEWSKI 1980;
MASTELLA 1985) and non-Polish literature (TWISS

& MOORES 2001). They originate as a result of
bending and mutual displacement of beds within
the first-order fold, which is related to flexural slip
folding. The initial stage of flexural slip folding
took place before the FL folds originated and the
displacement occurred only on bedding planes
(slickensides). The next stage took place during
increasing flexural slip and resulted in the devel-
opment of FL folds together with folding of slick-
ensides.

FT folds originated in incompetent rocks (upper
part of the Lower Krosno beds) in front of region-
al thrusts (Text-figs 3, 4A) as a result of push from

competent rocks which formed the hanging wall
block. Thrusting was compensated by continuous
strain within a narrow zone.

Both FL and FH folds are genetically related to
the evolution of map-scale folds, therefore their
analysis gives the possibility of determining the
direction of compression responsible for the origin
of regional folds. On the other hand, FT folds are
related to the origin and evolution of thrusts.
Because all three groups of mesoscopic folds have
an almost identical orientation of fold axes, the
map-scale folds and thrusts must have originated in
an unchanged stress field under SW–NE compres-
sion (Text-fig. 7A). The NE-vergence of the FH and
FT folds indicates that tectonic transport was direct-
ed from SW to NE.

Faults 

Mesoscopic faults occur mostly within the map-
scale fault zones and thrusts and in the hinge zones
of folds of different scale (RUBINKIEWICZ 2000).
The relatively regular fault network comprises sev-
eral sets and systems of different orientation and
sense of movement. Faults have been divided into
oblique (diagonal), longitudinal or transverse to the
NW–SE trend of the map-scale structures. They
comprise dip-slip reverse (R) and normal (N) faults
as well as strike-slip faults (S).
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Fig. 8.  FT similar folds with fold-accommodation faults (a.f.) in front of the Mokre-N thrust. Os∏awa river – upper part of the Lower 

Krosno beds



Reverse faults occur in thrust zones or in the
hinge-zones of folds. Two longitudinal sets (Text-
fig. 9A) have been distinguished. The strikes of
both sets range from 115° to 130°, with 125° domi-
nant, and the dip ranges between 5° and 55°, with
35° dominant, which is typical of reverse faults
(ANDERSON 1951; JAROSZEWSKI 1980). SW-dipping
faults prevail, whereas NE dips are less common. 

Reverse faults are accompanied by drag folds
(Text-fig. 10). Some of the reverse faults die out
towards the surface, passing into the overlying fold
and creating a fault-propagation fold (MITRA

1990). In some cases, reverse faults form a ramp-
flat structure (BUTLER 1982; Text-fig. 10A) or a set
of listric faults (Text-fig. 10B), which sometimes
join deeper into a single slip surface. The average
amount of displacement ranges between several
centimetres to tens of metres.

Strike-slip faults occur in zones of map-scale
faults and in thrust zones. Their length ranges from
a dozen centimetres to a dozen metres. Strike-slip

faults form sets and systems comprising conjugate
faults which often occur together within a single
outcrop (RUBINKIEWICZ 2000; Text-fig. 12A). Based
on the similar orientation and sense of movement,
two systems and one set of strike-slip faults were
distinguished.

The S1 system, predominating in the study area,
comprises two fault sets, oblique to the orientation
of map-scale structures: dextral, with the dominant
strike at 5°; and sinistral, with the dominant strike
at 66° (Text-fig. 11A). The dextral set is strongly
mineralized. Because the faults often coexist in a
single outcrop (Text-fig. 12A) and crosscut each
other at acute angles, they can be referred to as
conjugate faults (ANGELIER 1994; RUBINKIEWICZ

2000). They occur mostly in zones of map-scale
strike-slip faults and are accompanied by drag folds
and contractional duplexes.

The S2 system, which is also oblique, occurs
locally in the Tarnawka stream in the vicinity of the
FDTS/CDK fault (Text-fig. 3), predominantly in the
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Fig. 9. Geometry of mesoscopic reverse R faults observed within the thrust zones. A – Angelier diagram of orientation of reverse 

faults and rose diagrams of fault surfaces and slickenlines. B – Relation of reverse R faults to the main thrust



Suli∏a – Kalnica fault zone. It is composed of two
conjugate fault sets (Text-fig. 11B): a sinistral set
striking at 33° and a dextral set striking at 145°.

The S3 set (Text-fig. 11C) comprises longitudi-
nal, mostly dextral, faults striking at 125°. They
occur in thrust zones mainly in the southern part of
the study area. Displacements within them reach a
dozen metres. Evidence of dextral movement was
also found on some reverse fault surfaces.

Normal faults have been found close to the
thrust zones and in the hinge zones of map-scale
folds. They comprise (RUBINKIEWICZ 2000) two
fault systems. The N1 system comprises two sets
striking sub-perpendicular to the trend of map-
scale structures and dipping NW or SE at about 60°
(Text-fig. 13A). In some cases a similar dip-slip
movement component was observed on the sur-
faces of the S1 system strike-slip faults.
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Fig. 10. A – Reverse fault with ramp-flat geometry. Mokre-S slice, upper part of the Lower Krosno beds – Hoczewka river near Baligrod.

B – Reverse listric faults with drag folds on the footwall of regional thrust. Czaszyn slice, upper part of the Lower Krosno beds – Os∏awa 

river near Mokre village



The N2 system comprises two longitudinal fault
sets striking at about 125° and dipping at 60° to NE
and 35° to SW. Locally they form typical listric
faults (Text-fig. 14B). The similar dip-slip move-
ment component was also found on the surfaces of
the reverse faults system.

The different fault sets and systems successively
originated at different times as a result of shifted
stress field and strain (RUBINKIEWICZ 2000), as also
recognized in other parts of the Outer Carpathians
(e.g., MASTELLA 1988; ALEKSANDROWSKI 1989;
DECKER & al. 1997, 1999). Their origin is related to
the evolution of map-scale faults and to deforma-
tions within second-order folds.

The oldest reverse faults R (RUBINKIEWICZ

2000) are typical low-angle faults. Strikes of the

reverse fault surfaces are parallel to the strikes of
map-scale thrust surfaces, the dips, however, are
smaller (Text-fig. 9B). The angle between the
reverse faults and thrusts reaches between 15° and
30°; the reverse faults can therefore be interpreted
as second-order faults to map-scale thrust surfaces,
which originated simultaneously with the thrusting.
Hence it is possible to reconstruct regional com-
pression directions (shortening) from the reverse
faults. The shortening was SSW–NNE- to SW–NE-
directed (Text-fig. 9A). A slightly different S–N-
directed shortening was observed locally near the
FDTS/CDK fault in the Tarnawka stream (Text-fig.
3). This is consistent with the bending and trend
change of structures in this area into a more W-E
orientation.

Both sets of reverse faults form a conjugate sys-
tem; the value of the double shear angle is 68° and
the bisector of this angle, the σ1 axis, is horizontal
(Text-fig. 9B).

A distinct genetic relationship of reverse faults
with thrusts, and the fact that thrusts cut the limbs
of map-scale folds, indicates that they originated
after folding when further shortening by folding
was not possible.

The orientation of the S1 system strike-slip
faults is similar to the orientation of map-scale
strike-slip faults inferred from aerial and radar pho-
tos (MASTELLA & SZYNKARUK 1998), and thus it is
probable that they originated in the same stress
field. They were formed under SW–NE compres-
sion (Text-fig. 11A). Because these faults cut map-
scale folds, thrusts and reverse faults, they originat-
ed after the folding and thrusting.

The local S2 system originated, as with the S1
system, after folding and thrusting as a result of
local S–N compression (Text-fig. 11B) related to
faults of the Suli∏a – Kalnica fault zone. 

The origin of the S3 set can be related to the
regional dextral rotation of slices along the
thrust surfaces (see DECKER & al. 1999).
Additional proof for the dextral rotation is the
simultaneous opening and strong mineralization
of the dextral set of the S1 system. Some faults of
the S3 set used the pre-existing reverse fault sur-
faces which were reactivated. The S3 set is cut by
faults of the other systems, and thus must have
formed earlier. The youngest faults comprise
two systems of normal faults, with the N2 system
younger than the N1. Both systems originated
during post-orogenic extension. The N1 system
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Fig. 11. Mesoscopic strike-slip faults; A – S1 system prevailing

in the study area. B – Local S2 system (Kalnica area – see Text-

fig.3). C –  Dextral S3 set which occurs within the thrust zones
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Fig. 12. Examples of strike-slip faults (Os∏awa river, lower part of the Lower Krosno beds). A – conjugate faults of S1 system. Szczawne

slice, lower part of Lower Krosno beds, Os∏awa river. B – contractional duplexes within sinistral fault of S1 system. Location, as above

Fig. 13. Systems of mesoscopic normal faults; A – N1 system formed during NW–SE tension (black arrows); B – N2 system formed during 

SW–NE tension



was formed under NW–SE extension (Text-fig.
13A) parallel to the orientation of map-scale
structures, whereas the N2 system formed under
SW–NE to SSW–NNE extension (Text-fig. 13B),
perpendicular to the orientation of map-scale
structures.

The detailed stages of the evolution of the fault
network related to the evolution of other structures
are presented below in the concluding chapters of
this paper (Text-fig. 21).

Master joints

In the southern part of the study area, within the
Szczawne slice in the foreland of the FDTS, occur
vertical fractures cutting several to a dozen beds,
which can be interpreted and classified as master
joints (JAROSZEWSKI 1980; ALEKSANDROWSKI 1989;
TWISS & MOORES 1992).

The joint lengths range from several to a dozen
metres (Text-fig. 15A). Master joints form series

of fractures with a spacing ranging from a dozen
centimetres to several metres. They are strongly
mineralized by blocky calcite and form veins 0.5–3
cm (Text-fig. 15A), sometimes even 10–15 cm
thick. 

The master joints form three sets (Text-fig. 15B,
C). The first, orientated at 2°, occurs near the vil-
lage of Kalnica (Text-fig. 2); the second is orientat-
ed at 32° and occurs further to the east in the zone
of bending of the FDTS/CDK fault; and the third is
orientated at 47° and occurs in the south-east up to
the Rabe – Baligród fault zone. Master joints prop-
agate in a fan-like manner and are arranged per-
pendicular to the trend of folds and thrusts in the
area.

The considerable concentration of master
joints in the zone of strong tectonic deforma-
tions at the foreland of the FDTS (Text-fig. 15C)
indicates that their origin depended on strongly
folded rocks and steeply dipping beds, as
described by ALEKSANDROWSKI (1989). Before
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Fig. 14.   Examples of normal faults. A – normal fault of the N1 system with offset of about 10 cm. Mokre-S slice – Hoczewka river,

Baligród area, upper part of the Lower Krosno beds. B – normal fault of the N2 system Szczawne slice - Rabski stream, lower part of 

the Lower Krosno beds



the master joints originated, thrusting and
stretching of structures at the contact between
the CDK and FDTS took place. Next, at the
foreland of the FDTS, the structures were sub-
ject to extension and the master joints formed
simultaneously with the migration of solutions
and calcite crystallization. They formed during
E–W to NW–SE tension.

Clastic veins 

In several outcrops occur fractures with a
length of several metres and a width of several
centimetres, which commonly cut shale and mud-
stone beds (Text-fig. 18). The fractures are gener-
ally filled with sandy clastic sediment. These struc-
tures can be interpreted according to the defini-
tion of GRADZI¡SKI & al. (1986) as clastic veins.
Structures of this type have been documented
from the Polish Carpathians by D˚U¸Y¡SKI &
RADOMSKI (1957). 

Boundaries between the fracture wall and the
infilling material are commonly sharp. The veins
show a rectilinear trend and are orientated at
various angles in relation to the bedding (Text-
fig. 16). The clastic veins differ from the com-
monly observed clastic dykes (D˚U¸Y¡SKI &
RADOMSKI 1957), which have diverse and irregu-
lar shapes. The regular structure of the clastic
veins indicates that they were formed within
fractures of lithified rock. The sediment which
fills the fractures intruded from the upper part
of the succession, where rocks were poorly lithi-
fied and strongly saturated with water. The
process was favoured by hydrostatic pressure at
great depths.

The occurrence of clastic veins in the study
area evidences extensional conditions in the basin.
They were probably initiated during synsedimen-
tary tectonic movements connected with the earli-
est stage of flysch deformation in this part of the
CDK.
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Fig. 15. Master joints architecture. A – mineralized master joints cutting shale and thin sandstone beds. Szczawne slice, upper part of

the Lower Krosno beds. Tarnawka stream. B – rose diagram of strikes of master joints in the southern part of CDK. C – Model of 

development of master joints in the foreland of the FDTS in the zone of its NE bending



FDTS/CDK FAULT

The CDK is separated from the FDTS by a dis-
tinct fault zone (KUÂMIEREK 1979; MASTELLA

1995). The older rocks that form the FDTS (includ-
ing the Cretaceous rocks of the Bystre slice) lie to
the south-west of the fault, while the Lower Krosno
beds of the CDK, which are of younger, Oligocene
age, lie to the north-east. The FDTS/CDK fault was
interpreted by the majority of authors as a thrust,
the course of which was evidenced from the Os∏awa
river (ÂLÑCZKA 1957), through the Suli∏a Mt. area
(TOKARSKI 1964, 1966) and Bystre (ÂLÑCZKA 1959),
to Ustrzyki Górne, where TOKARSKI (1975)
observed that the thrust steeply dips to the north-
east. A similar dip direction was found by
KUÂMIEREK (1979) in the area between the
Hoczewka river and the Polish/Ukrainian border.
To the north-west of the Hoczewka river, the thrust
surface dips to the south-west (ÂLÑCZKA 1957). In
the study area the FDTS/CDK fault changes its dip
direction (Text-figs 3 and 4A).

To the west of the Suli∏a – Kalnica fault zone
(Text-fig. 3), the FDTS/CDK fault is a typical thrust

(Text-figs 4A and 17 – cross-section O–O’) oriented
at 210–220/45–60. In front of the thrust occurs a
series of folds with broken hinges.

To the east of the Suli∏a – Kalnica fault zone the
thrust surface changes its orientation to almost lon-
gitudinal at 180–195/55–70 (Text-fig. 3). In the foot-
wall and hanging wall thrust blocks occur numerous
NE-verging inclined or overturned similar folds
(Text-fig. 17 – cross-section P–P’).

More to the east, the thrust is bent like an arch
(Text-fig. 3), beyond which it dips steeply and
changes its orientation to 230–245/65–85. The
thrust is accompanied by second-order thrusts and
reverse faults; between them the beds dip steeply
and bend (Text-fig. 17 – cross-section R–R’).

To the east of the Rabe – Baligród fault zone
(Text-fig. 3) the FDTS/CDK fault changes its dip
from south-west to north-east and is oriented at
45–55/65–70. It is accompanied by SW-verging
inclined or overturned similar folds (Text-fig. 17
– cross-section S–S’) and longitudinal normal
faults.

This study partly confirms that the FDTS/CDK
fault is a typical thrust, albeit with a gradually

STRUCTURAL EVOLUTION OF THE SILESIAN NAPPE 499

Fig. 16. Clastic veins. A – sandstone clastic vein cutting shales. Szczawne slice, upper part of the Lower Krosno beds, Tarnawka stream.

B – sandstone clastic veins cutting mudstone bed. Szczawne slice, middle part of the Lower Krosno beds, Hoczewka river



increasing dip from the north-west to the south-
east (Text-figs 4A and 17), up to the Rabe –
Baligród fault zone. Eastwards from this fault zone
the FDTS/CDK fault is a steeply NE-dipping nor-
mal fault. The trend of the FDTS/CDK fault is sim-
ilar to that of the adjoining tectonic structures
(Text-fig. 3).

The study confirmed that the development of
specific tectonic structures within the thrust zone
depends on the dip angle of the thrust surface and
the lithology and competence-incompetence of
rocks occurring deeper or shallower within the suc-
cession. 

If the thrust surface dips gently, at 15° to 30°,
potential shear zones orientated at 20°–30° in rela-
tion to the thrust surface can originate under the
thrust at high overburden weight (Text-fig. 18A).
In the case described, the shear zones are concor-
dant with the axial surfaces of folds with sharp
hinges (ANDERSON 1974) and form kink bands and
kink folds. Such folds originate during compres-
sion orientated almost parallel to the planes of
anisotropy (RECHES & JOHNSON 1976; RUBINKIE-
WICZ 2005) – which in this case are bedding planes
– and also under considerable ambient pressure,
e.g. overburden weight. In the north-west (Text-fig.
17 – cross-section O–O’), the FDTS could play the
role of overburden, with kink folds originating
under the thrust in densely bedded rocks. Because
the kink folds now occur at a considerable distance
from the thrust, the thrust range was probably
greater, and the present FDTS/CDK fault is of ero-
sional origin.

If the thrust dips at 30°-65° (Text-fig. 17 – cross-
section P–P’), then tight similar folds with a NE ver-
gence consistent with the direction of tectonic
transport are common in both the hangingwall and
footwall thrust block (Text-fig. 18B). The folds orig-
inated under smaller overburden pressure, close to
the surface.

Where the thrust surface dips at 65-80° (Text-
fig. 17 – cross-section R–R’), contractional duplex-
es occur (Text-fig. 18C) between the floor and roof
thrusts. In the study area the contractional duplex-
es originated during brittle deformation close to the
surface.

In the area where the FDTS/CDK fault dips
NE, the ‘Otryt sandstones’ facies (middle part of
the Lower Krosno beds) is developed, forming a
rigid competent rock complex. To the north-west,
the ‘Otryt sandstones’ successively disappear and

pass into the ‘Lesko sandstones’ facies. The great
thickness of the ‘Otryt sandstones’ together with
their strong competence could have had an influ-
ence on the thrusting of the FDTS on the CDK,
composed of incompetent rocks. The CDK acting
as a rigid block (‘Otryt sandstones’) could thus
impede the thrust process and cause the thrust to
become steeper and retro-overturned (formation
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Fig. 17. Detailed geological cross-sections (not to scale) of the

FDTS/CDK fault (for location and other explanations see 

Text-figs 3, 4A)



of a normal fault directly below the surface), with
a simultaneous overturning and SW-vergence of
the folds building the marginal part of the CDK.
The impeding of the thrust process in this frag-
ment is also indicated by the presence of synclines
‘unconsumed’ by the thrusts in the FDTS/CDK
fault foreland. The presence of tight similar folds
in the zone under discussion adjacent to the
FDTS/CDK fault confirms the compressional
character of this fault. The north-eastern dip of
the FDTS/CDK fault is observed as far as the
country border (HACZEWSKI & al. 2000), and pos-
sibly also in Ukraine (see map in JANKOWSKI & al.
2004). At deeper levels, the FDTS/CDK fault
becomes gradually steeper, to vertical, and finally
the dip changes to a south-westward direction
(typical thrust), which is also confirmed by seis-
mic data (Text-fig. 2C). 

This interpretation indicates that the thrust-
ing, as well as the steepening and retro-overturn-
ing of the thrust between the FDTS and CDK,
took place at the same time, and the differences
in the susceptibility of the foreland rocks influ-
enced their present-day geometry. This does not
exclude the reactivation of the FDTS/CDK fault
in the north-eastern part as a reverse fault during
the uplift of the marginal part of the CDK
(MASTELLA 1995). 

THE STRUCTURE OF THE MARGINAL
PART OF THE FORE-DUKLA THRUST
SHEET  

In the north-west of the study area, the Fore-
Dukla thrust sheet is composed (Text-fig. 3) of the
Transition Beds; in the south-east, the Cieszyn Beds
form a strongly uplifted element of the FDTS – the
Bystre Slice.

Orientation of bedding. In the north-west, the
beds are predominantly orientated at 220/53 (Text-
fig. 19, zone A), and at 270/46 within the Suli∏a fault
zone. East of the fault zone, in the vicinity of
Kalnica, beds with W-E strikes dominate; in normal
position at 188/97 and in overturned position at
182/48 (Text-fig. 19, zone B). In the next segment
(Text-fig. 19, zone C), up to the Rabe – Baligród
fault zone, variations in the bedding orientation can
be observed, with beds in normal and overturned
position at 235/60, 250/30, 220/48 and 53/58. South-
eastwards from the fault zone, within the Bystre
slice, overturned beds at 56/52 predominate (Text-
fig. 19, zone D).

Field observations indicate that, from the west-
ern margin of the study area, the beds become
steeper and the dips change from a southern to a
northern direction. The variable strike orientation
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Fig. 18. Schematic diagram of tectonic structures related to the dipping of the FDTS/CDK fault; A – kink folds originated along poten-

tial R-shear zones under a large overburden pressure; B – NE-verging similar folds; C – contractional duplexes; D – SW-verging simi

lar folds



is concordant with the above-described variable ori-
entation of the FDTS/CDK fault (Text-fig. 3),
which points to a genetic link between the structure
of the analyzed fragment of the FDTS with the
FDTS/CDK fault.

Faults. Among small faults occurring at the con-
tact with the FDTS/CDK fault the presence of
two sets of faults has been determined (Text-fig.
20A): a dextral longitudinal fault and several dip-
slip normal faults. These sets are most probably

analogous to the relevant S3 and N2 sets from the
CDK. 

Master joints. The master joints occur mainly in
the Bystre slice. As in the CDK, they are repre-
sented by fractures with a vertical orientation
(Text-fig. 20B), up to several centimetres wide and
several metres long, filled with blocky calcite. They
were formed as a result of NW–SE tension orien-
tated perpendicular to their surface at a later
deformation stage, and point to the uplift of the
Bystre slice as part of the FDTS. 
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Fig. 19. Tectonic sketch-map of the Fore-Dukla thrust sheet adjoining to the Central Carpathian Depression along FDTS/CDK fault 

with contour diagrams of bedding within four domains (A–D)



STRUCTURAL EVOLUTION

Based on investigations and analysis of existing
data, the multi-stage evolution of the fragment of
the Silesian nappe studied is presented below (Text-
fig. 21) in relation to the main stages of Carpathian
evolution (OSZCZYPKO 1992, 2006; OSZCZYPKO &
al. 2005; KOVACS & al. 1996; FODOR & al. 1999).
The evolution took place during the pre-orogenic
extension, through syn-orogenic shortening, to
post-orogenic extension.

During the initial stage from the Eocene to the
early Miocene, the Alcapa microplate (FODOR & al.
1999) caused the folding of the Magura nappe
(OSZCZYPKO & al. 2005). At the same time, sedi-
mentation took place in its foreland in residual fly-
sch basins, including the Silesian basin (˚YTKO

1985; KOVACS & al. 1996, OSZCZYPKO 2006). At this
time (STAGE I – pre-orogenic extension) clastic
veins developed in the unstable basin floor, com-
posed in part of already lithified rocks.

At the early/middle Miocene boundary, due to
the continuing movement of the Alcapa
microplate (FODOR & al. 1999), the folding front
moved from the south to the north and from the
west to the east (KSIÑ˝KIEWICZ 1972; ˚YTKO 1985;
OSZCZYPKO 1992, 2006), encompassing the subse-
quent basins. SW–NE compression started to
dominate in the eastern part of the Polish Outer
Carpathians. Due to further movement of the
Alcapa microplate, the folding included the subse-
quent flysch basins, first the Dukla subbasin, and
next the Silesian basin (OSZCZYPKO-CLOWES &
OSZCZYPKO 2004). This was the result of increased
SW–NE compression at the simultaneous switch-

ing of the orientation of the σ2and σ3 stress axes.
Within the Silesian nappe, symmetrical upright
folds and structures linked with fold slip (FL folds)
were formed in thick rock complexes (STAGE II).
The folds were formed above the horizontal sole
thrust detached from the basement at a depth of
about 6-7 km (see Text-fig. 2c).

Due to subduction of the Eurasian plate
(TAPPONIER 1977; TOKARSKI 1978; ROYDEN 1988)
in the middle Miocene (FODOR & al. 1999), trans-
formation of the increasing horizontal compres-
sion into simple shear took place. The folds
changed into NE-verging (STAGE III) and
became asymmetrical, inclined or overturned. FH
folds originated within hinge zones. At this stage
secondary thrusts developed from the surface of
the sole thrust. 

Gradually increasing tectonic shortening and
inability to compensate it by folding caused the
steepening of the secondary thrusts and their
propagation to the surface (STAGE IV). These
thrusts are typical forelimb thrusts, with the excep-
tion of the Mokre-S into Mokre-N thrust, which is
an into-anticline thrust. Imbricate slices thus
formed. According to the accepted models of fold-
ing for the Outer Carpathians (KSIÑ˝KIEWICZ

1972; OSZCZYPKO 1992; BURCHFIEL & ROYDEN

1982), progressive piggy-back imbrication
(BUTLER 1982; piggy-back thrusting – NEMČOK &
al. 1998) occurs in the study area, whereby the
subsequent younger thrusts are formed at the
footwall of the earlier formed thrusts. These
thrusts are accompanied near the surface by faults
of the R-system and by FT folds at the footwall.
The CDK/FDTS fault, being earlier a typical
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Fig. 20. A – Angelier diagram of second-order reverse faults observed in domain B near the Suli∏a fault zone. B – Angelier diagram

of normal and dextral strike-slip faults. Two sets are visible, similar to S3 and N2 faults in CDK. C – Great-circle diagram of master 

joints from domains C and D. Arrows show the mean extension direction
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Fig. 21. Main stages of the structural evolution of the Silesian nappe in the study area with stress state regimes (after RUBINKIEWICZ 2000, 

modified)



thrust, became steeper to the south-east from the
Rabe-Baligród fault zone, reacting to the resis-
tance of the folded, incompetent rigid ‘Otryt sand-
stones’ (middle part of the Lower Krosno Beds).
Also at this time tear faults formed in the southern
part of the study area, including the Rabe-
Baligród faults. 

As a result of the collision between the Alcapa
microplate with the Eurasian plate the reorienta-
tion of the  σ2 and σ3 stress axes took place. In the
bent Carpathian arc a system of fan-like oblique
strike-slip faults developed (ALEKSANDROWSKI

1989; MASTELLA & SZYNKARUK 1998), cutting the
folds and thrusts. Faults of the S1 system (STAGE V)
and locally of the S2 system (STAGE VA) were
formed in the segment studied, including faults in
the Suli∏a and Rabe – Baligród fault zones, which
resulted in a block-like sub-division of fragments of
the FDTS/CDK fault and its different development
in the particular segments. The steep character of
the FDTS/CDK fault continues south-westwards
from the latter zone, and finally its dip changes to
north-eastward.

After the middle Miocene, due to dextral
transpression in some fragments of the
Carpathian segment studied (see NEMCOK & al.
1998; DECKER & al. 1999), dextral movement of
slices around each other took place along steep
thrust zones. Longitudinal faults of the S3 system
were formed (STAGE VI), with a simultaneous
opening of fractures and mineralisation of the
dextral faults of the S1 system. Such strike-slip
movements caused local sigmoidal bending in the
trend of structures, including that of the
FDTS/CDK fault, emphasizing the local variabili-
ty in thrusting directions. Such bending is also
clearly visible in the course of the Dukla thrust,
which points to a crucial role of these movements
in the structural evolution of  the Eastern part of
Polish Outer Carpathians.

The last stages of evolution are linked with
post-orogenic extension (ZUCHIEWICZ 2001) of
variable magnitude and orientation related to the
collapse of the Outer Carpathians (OSZCZYPKO

1998). At first under NW–SE tension, parallel to
the regional trend of the structures (STAGE VII),
faults of the N1 system formed. Master joints
developed in the foreland of the FDTS/CDK fault
and in the Bystre slice. Finally, normal faults of N2

system (STAGE VIII) were formed under SW–NE
tension. 

CONCLUSIONS

The studies have enabled presentation of the
detailed geology and structure of the fragment of
the Silesian nappe studied in the form of a map and
geological cross-sections. Along with the analysis of
mesoscopic structures together with seismic data,
the stages of evolution from the beginning of sedi-
mentation until the present have been recognised. 
1. The fragment of the CDK studied, being part of

the Silesian nappe, is composed of imbricated
slices separated from each other by thrusts. The
structure of the slices is dominated by anticlines
and, in the south-eastern part of the study area,
additionally by synclines, which appear in the
foreland of the thrusts. They are generally rep-
resented by similar, overturned or recumbent
NE-verging folds with low interlimb angles indi-
cating considerable tectonic shortening. The
forelimb thrusts separating the slices are steeply
inclined at the surface, with the inclination
becoming progressively less with depth; at a
depth of about 6-7 km they join into a sole
thrust, forming an imbricate thrust system. 

2. The fold-thrust structures are cut by a series of
generally strike-slip faults, which are found
within two main fault zones: the Rabe –
Baligród fault zone, described for the first time
herein, plays a crucial role in the structural
remodelling of the Silesian nappe in this area;
and the Suli∏a fault zone, the description of
which is refined here.

3. In the study area appear new fold-thrust struc-
tures (including the Baligród – Magurka – Sto∏y
syncline and the Roztoki Dolne – Po∏oniny syn-
cline) which are characteristic of the Bieszczady
area. The occurrence of these structures is
linked with smaller tectonic shortening in the
foreland of the FDTS/CDK fault in the south-
eastern part of the study area and the fact that
it had not been ‘consumed’ by the thrusting syn-
clines as in the north-west part of the area.

4. The FDTS/CDK fault changes its character in
the study area: from a typical thrust in the
north-west, it gradually becomes steeper and,
and beyond the Rabe – Baligród fault zone,
dips steeply to the north-east as a normal fault.
Similar process takes place with the thrusts
from the marginal part of the CDK.  To the east
of this zone the folds have  south-westward
vergence. 
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5. In the structural evolution of the fragment
studied a large role is played by sandstones
from the middle part of the Lower Krosno
Beds (‘Otryt sandstones’ facies), the thickness
of which increases towards the south-east in
the Bieszczady area. Being incompetent rocks,
these sandstones partly influenced the imped-
ing of the thrusting processes east of the Rabe
– Baligród fault zone. Additional structural
reconstruction took place in the bending zone
in the trend of the structures composing the
marginal part of the CDK and FDTS. This
bending and change in thrust trend could have
been caused by variations in the morphology of
the basement, which probably lies at a shallow-
er depth in the south-east than in the north-
west.

6. The shortening and complexity of CDK fold-
thrust structures increases from west to east
and from north to south towards the FDTS.

7. Some of the strike-slip faults are tear faults
(the Rabe-Baligród fault zone in part) that
originated simultaneously with folding.

8. From the folding to the formation of oblique
strike-slip faults, the orientation of compres-
sion and tectonic shortening did not change
and was directed SW–NE.

9. The presence of strike-slip movements along
the thrust has been confirmed. These move-
ments evidence the dextral displacement of the
slices against each other.  
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