
Geological Quarterly, 2003, 47 (3): 289–298

Reconstruction of stress directions in the Magura and Silesian Nappes

(Polish Outer Carpathians) based on analysis of regional folds

Ryszard SZCZÊSNY

Szczêsny R. (2003) — Reconstruction of stress directions in the Magura and Silesian Nappes (Polish Outer Carpathians) based on analy-
sis of regional folds. Geol. Quart., 47 (3): 289–298. Warszawa.

Statistic analysis of the bed orientation in the Magura and Silesian Nappes was performed in order to establish the directions of regional
fold axes. On this ground, variations of the main horizontal stress directions were inferred for both nappes. In the Late Oligocene, in the
foreland of the northwards moving Adriatic Microplate, a fan-like pattern of the �1 stress trajectories was formed. Initiation of the
Magura Nappe and the related regional folds began in such conditions. Evolution of the regional compression involved clockwise rota-
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INTRODUCTION

This paper presents a tentative reconstruction of the principal
horizontal stress directions, leading to the formation of the first
order regional fold structures in the Magura and Silesian Nappes,
in the Polish part of the Outer Carpathians (Fig. 1). A few previ-
ous attempts of the regional palaeostress reconstruction, avail-
able in the Polish literature, are based either on extrapolation of
local results — for example from Babia Góra region
(Aleksandrowski, 1989, fig. 21 FL) — or on using the recognised
regional schemes (Konon, 2001, fig. 25). In the above publica-
tions, the Outer Carpathians were presented as a homogenous
tectonic unit. The past palaeostress interpretations were largely
based on observations of brittle tectonic mesostructures, such as
joints (Zuchiewicz and Henkiel, 1993; Mastella et al., 1997;
Zuchiewicz, 1997; Mastella and Zuchiewicz, 2000), or faults
(Mastella and Szynkaruk, 1998; Rubinkiewicz, 2000), some-
times supplemented by fold analyses (Tokarski, 1975; Mastella,
1988; Aleksandrowski, 1989; Konon, 2001). Data for these stud-
ies were collected from limited areas, and as a result the
palaeostress reconstructions were of local character (op. cit.).
There are also interpretations based on data from small number
of localities (Tokarski, 1978; Zuchiewicz, 1998; Mastella and

Konon, 2002). In such cases, regional stress interpretations
could be regarded as hypothetical only.

This paper reports the first research results based on fold
analysis. It is based on statistically significant data, from nearly
all Polish Outer Carpathians region and provides independent
reconstruction of the main stress directions for the both studied
nappes.

This study is focused on one group of the first order re-
gional folds, and analysed recent orientation of bedding and
fold axes. The inferred directions of the main horizontal stress
are influenced by several stages of deformations, with prevail-
ing effects from the period of the most intensive folding. It was
designed to determine a general pattern of the main stress distri-
bution and minor stages of folding are not discussed. Their in-
terpretation will be possible after performing analysis of the
second order fold axes related to the regional structures.

TECTONIC SETTING

Polish part of the Outer Carpathians comprises three groups of
overlapping nappes: marginal, middle and Magura group
(Nowak, 1927). This paper concentrates on a study of the Silesian
and Magura Nappes, which are parts of the middle group and the



Magura group respectively (Fig. 2). Such a scope of their research
was chosen because of the wide lateral distribution of these
nappes, which allows a detailed analysis of the variability of folds
in the Polish part of the Outer Carpathians (Fig. 3).

In cross-sections, both nappes contain a large number of
folds (Fig. 2), (Burtan and Soko³owski, 1952; Soko³owski,
1954; Œwidziñski, 1958; Ksi¹¿kiewicz, 1972; ¯ytko et al.,
1989). The folds are of a regional scale, and are parallel to the
general strike of both nappes. They usually exceed several tens
of kilometres in length (op. cit.). The exceptions are fragments
of the western part of the Silesian Nappe, and the central part of
the Magura Nappe, which are dissected into isolated blocks, ro-
tated against each other (Œwiderski, 1952; Ksi¹¿kiewicz, 1972;
Konon, 2001).

Geometry of the regional folds generally depends on their
lithology (Ksi¹¿kiewicz, 1958, 1972; Aleksandrowski, 1989),

which is dominated by the presence of rigid, thick-bedded
sandstones (e.g. Magura or Istebna Beds, Fig. 4). Such rocks
usually form widely-spaced, concentric synclines. Their geom-
etry is influenced by the under- and over-lying ductile shale
members, which are typically also folded into lower order
structures (Aleksandrowski, 1989). The absence of thick-
bedded sandstones and increased content of shales changes
folds geometry (Aleksandrowski, 1985, 1989; Ramsay and
Huber, 1987).

The difference of geomechanical properties between the
sandstones and shales, caused, along their contacts, formation
of décollement structures and numerous lower order over-
thrusts. The northern regional vergency of associated folds re-
sulted in reduction of the northern limbs of anticlines and the
southern limbs of synclines (Ksi¹¿kiewicz, 1972;
Aleksandrowski, 1989.
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Fig. 1. Carpathians — tectonic sketch with location of the investigated area
(after Plašienka et al., 1997)

A — investigated area, OC — Outer Carpathians, IC — Inner Carpathians, EC — Eastern
Carpathians, SC — Southern Carpathians

Fig. 2. Schematic cross-section through the Polish Outer Carpathians (after ¯ytko et al., 1989)



FOLDS

FOLDS IN THE SILESIAN NAPPE

The relationship between lithology, bed competence and
fold geometry is clearly visible in the Silesian Nappe. In the
westernmost part of this nappe, up to 2000 m thick complex of
thick-bedded, rigid, Cretaceous Godula Sandstones (Fig. 4;
Soko³owski, 1954; Œwidziñski, 1958; Ksi¹¿kiewicz, 1972;
¯ytko et al., 1989) induced the formation of widely-spaced
folds gently inclined to the north (see Szczyrk and Iwkowa
Folds — Fig. 3).

To the east, the Godula Sandstones are gradually replaced by
more ductile Variegated Shales (op. cit., see also Fig. 4). As a re-
sult, to the east of the Dunajec River, the beds were more de-
formed. Narrow folds (e.g. Biecz Fold; Fig. 3), often imbricated
and overturned to the north (e.g. the Twierdza Fold; Fig. 3), oc-
cur there. In comparison with the western part of the nappe, these
folds are dominated mostly by the shaly beds (op. cit.). The num-
ber of folds and the width of the nappe increase eastwards.

FOLDS IN THE MAGURA NAPPE

The rigid sandstone of the Inoceramian Beds (known also
as the Ropianka Beds), along with the Hieroglyphic and
Magura Beds, had the largest influence on the fold geometry
of the Magura Nappe (Fig. 2) (Soko³owski, 1954; Œwidziñski,
1958; Ksi¹¿kiewicz, 1972; ¯ytko et al., 1989; Œl¹czka and
Kamiñski, 1998). But the change of fold shapes is not as clear
as in the Silesian Nappe. The lateral lithological changes in
members responsible for the fold geometry reflect facies dif-
ferences of tectonic sub-units such as the units of Krynica,
Bystrzyca, Raèa and Siary (Fig. 4). The thick-bedded sand-
stone members play different role within the individual
sub-units.

In general, in the western part of the nappe, west of the
Skawa River, the synclines are closer spaced than in the
Silesian Nappe and fold limbs become steeper. In some cases
the beds are overturned. The anticlines are tight (e.g. Kiczorka
— Fig. 3) and often imbricated. In the latter case the inverted
limbs are absent.
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Fig. 3. Silesian and Magura Nappes in the Polish part of Outer Carpathians — map of the investigated area with illustration of selected folds



The northernmost part of the Magura Nappe is character-
ised by wide, asymmetric or overturned to the north synclines,
dissected into separate units by transverse dislocations.
Anticlines in this area are significantly less common (Konon,
2001). East of the Dunajec River folds are closely-spaced and
inclined or overturned to the north (e.g. the Praczka and
Jaworze Folds, Fig. 3).

METHODOLOGY

This study is based on the analysis of measurements of bed
orientations taken from the relevant 1:50 000 scale map sheets

of the Detailed Geological Map of Poland (Buga³a et all.,
1977). The reliability of the source data was confirmed by au-
thor’s field observations on selected test sites, and by compari-
son with more detailed maps (e.g. Guzik and Po¿aryski, 1950;
Ksi¹¿kiewicz, 1958; Wêc³awik, 1969; Ry³ko, 1992). The data-
base for the eastern part of the Silesian Nappe was supple-
mented by measurements made by the staff and students of the
Tectonics and Geological Cartography Division of the Univer-
sity of Warsaw. A total of 35 000 measurements of bedding ori-
entation were collected.

The above data together comprised the suitable basis for a
statistical analysis (Fig. 5). The study area was divided into ho-
mogenous tectonic domains according to the requirements by
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Fig. 4. Lithostratigraphic columns of the Silesian and Magura series (after Œl¹czka and Kamiñski, 1998, modified)



Jaroszewski (1972) and Mastella (1988). The boundaries of the
domains were, in order of importance, overthrusts, large trans-
verse faults, and fault-controlled river valleys. Additionally, the
hinge lines of the regional folds were also interpreted as domain
boundaries. In consequence, 258 domains were distinguished,
including 139 in the Magura Nappe and 119 in the Silesian
Nappe (Fig. 6). The number of measurements varied from 26 in
regions with a poor exposure, eg. in the Jawornik region (Fig.

6), to 384 in well-exposed areas, eg. the region of Nasiczne
(Fig. 6), and was statistically sufficient for each domain (Wil-
son, 1968). In most cases, the number of measurements in each
domain varied from 100–200. Contour diagrams with bedding
orientation were prepared for each domain. Normals to the bed-
ding planes were plotted on the lower hemisphere of the
Schmidt net (Fig. 7). The diagrams were prepared with the aid
of a STEREONET software (licence no. 81/1-2, Institute of
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Fig. 5. Methods of study

Fig. 6. Boundaries of the tectonic domains



Geology). Conventional record of bed orientation —
strike/dip/dip direction was recalculated by an algorithm
(Korput, 1999) to the form strike/dip azimuth, accepted by this
software.

According to Ramsay and Huber (1987), the described
method of data analysis can be applied only for cylindrical or
sub-cylindrical folds. Although the folds analysed are not
wholly cylindrical or sub-cylindrical, in some domains short
parts of these structures comply with these requirements. 69
domains in the Magura Nappe and 63 domains in the Silesian
Nappe were recognised as reliable for this model and were used
in this analysis (Fig. 6).

Because fold structures were analysed, two maxima of bed-
ding planes orientation, representing the most frequent posi-
tions of beds in limbs, are shown on each diagram. In most
cases, higher values of maxima were attained by fold limbs dip-

ping to the south. Asymmetric forms are dominant in the ana-
lysed folds and most of them are inclined or overturned north-
wards (Figs. 2 and 3), therefore outcrops of their southern limbs
are wider (Jaroszewski, 1984). The positions of fold axes were
determined from the orientation of the fold limbs (Fig. 7),
(Jaroszewski, 1984; Ramsay and Huber, 1987).

The final step in the diagram analysis was the determination
of the main stress axes. According to Mastella (1988) and
Fodor et al. (1999), the formation of folds in the Outer
Carpathians commenced under horizontal compression, and
continued under the influence of force couple in the vertical
plane. In this case, the axis of the largest stress �1 was horizon-
tal and perpendicular to the fold axes. The medium stress axis
�2 was also horizontal and perpendicular to �1. Its position was
parallel to the fold axes. The smallest stress axis �3 retained a
vertical position (Fig. 7).

The directions of �1 stress, determined in the neighbouring
domains, were often markedly different (Fig. 8). As a result, the
regional direction of �1 was difficult to determine. Therefore,
the values of �1 in the centres of the domains were recalculated
using the second-order polynomial by the RESICAL software,
developed by Krzysztof Nowicki, into the trend surfaces, sepa-
rately for the Silesian and the Magura Nappes. The trend sur-
faces are presented, as a contour maps drawn using SURFER
software (Fig. 9). Contour lines of �1 indicate that, in places
where the fold axes successively formed towards the foreland
of the nappe (Pescatore and Œl¹czka, 1984; Price and Cosgrove
1990, fig. 10.41), they have the same strike. To show how the
maximum horizontal stress changed its direction during forma-
tion of the above mentioned folds, the image was supplemented
by the trajectories of compression (Fig. 9).

FOLD AXES ORIENTATION TRENDS

Strike of the regional fold axes generally corresponds to the
curvature of the Carpathian Arc (Fig. 8). But the trend lines of
the Magura and the Silesian Nappes folds are not concentric
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Fig. 7. An exemple of a contour diagram with bed orientation
(Harkabuz domain, Magura Nappe — location see Fig. 6)

Fig. 8. Distribution of the fold axes and axes of the �1 stress estimated for the selected domains in the Silesian and Magura Nappes

S — Silesian Nappe, M —– Magura Nappe; 1 — fold axes; 2 — �1 stress axes; 3 — other tectonic units: a — in Outer Carpathians, b — in Inner
Carpathians; 4 — Pieniny Klippen Belt



(Nowak, 1927; Œwiderski, 1952). The direction of the fold axes
is independent of the mapped extent of the thrusts. The thrust
boundaries, due to their erosional character, are characterised by
variable frontal geometries (Fig. 8, see also Soko³owski, 1954;
Œwidziñski, 1958; Ksi¹¿kiewicz, 1972; ¯ytko et al., 1989).

SILESIAN NAPPE

In the Silesian Nappe, axes of the regional folds in the ana-
lysed part of the Outer Carpathians, form an northward point-
ing arc (Fig. 8). In the middle part of the Polish section of the
Carpathian Arc, between Raba and Wis³oka Rivers, folds with
nearly parallel axes prevail. Towards the east they gently turn
to the WNW–ESE. In the easternmost part of the arc, east of the
Wis³oka River, 100–120° azimuths of fold axes dominate. To-
wards the west of the Raba River fold axes striking 55–85� are
most common (Fig. 8).

MAGURA NAPPE

Similar pattern of fold axes is also observed in the Magura
Nappe. In the middle part of the nappe, between the Skawa and
Dunajec Rivers, most of the fold axes strike 90–100� (Fig. 8).
West of the Skawa River folds with axes striking 70–80� pre-
vail, while towards the east of the Dunajec River, strikes of fold
axes gradually turn to the NW–SE.

STRESS FIELD RECONSTRUCTION

SILESIAN NAPPE

In the Polish part of this nappe the directions of the �1stress,
which are perpendicular to the fold axes, form a fan-like pat-

tern, open towards the north (Fig. 8). In the middle part of the
arc, between the Raba and Wis³oka Rivers, the dominating di-
rections of �1 are almost meridional (Fig. 8). In the eastern part
of the nappe, east of the Dunajec River, �1 directions turn
eastwards while in the west, west of the Skawa River, they turn
westwards. This pattern is visible on the contour map. On the
map of �1 trend (Fig. 9), the �1 azimuths in the Silesian Nappe
west of the Raba River trend WNW–ESE, whereas east of the
Raba they change from NW–SE near the Magura thrust front,
to NNE–SSW or to NE–SW near the Silesian frontal thrust.
The �1 azimuths along the nappe strike change consequently
from 350� in the west to 25� in the east (Fig. 9).

In the Silesian Nappe, the compression directions deter-
mined from the� σ 1 azimuths have a fan-like pattern. North of
the Magura thrust front they slightly bend to the east, especially
in the western and eastern parts of the nappe (Fig. 9).

MAGURA NAPPE

Like in the Silesian Nappe, the �1 stress directions in the
Magura Nappe have also a fan-like pattern (Fig. 8). Between the
Dunajec and Raba Rivers, the �1 directions are almost meridio-
nal. East of the Dunajec River they turn eastwards, whereas in
the west of the Raba River they change to westwards (Fig. 8).

On the map of �1 trends (Fig. 9), the contour lines of �1 azi-
muths, in almost the entire Magura Nappe have SW to NE di-
rections. Directions of the �1 azimuths gradually change west-
wards, from 35� east of the Dunajec River to 345� west of the
Skawa River.

The final trajectories of compression directions deter-
mined in the Magura Nappe have a similar pattern to these in
the Silesian Nappe. But in this case, the trajectories change
weakly to the west from the hinterland to the foreland of the
nappe (Fig. 9).
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Fig. 9. Trend plane of the �1 stress azimuths in the Silesian and Magura Nappes

S — Silesian Nappe, M — Magura Nappe; 1 — isolines of the �1 stress azimuths; 2 — �1 stress axes; 3 — trajectories of compression; 4 — other tectonic
units: a — in Outer Carpathians, b — in Inner Carpathians; 5 — Pieniny Klippen Belt



INTERPRETATION OF THE RESULTS

STRESS FIELD EVOLUTION

The analysed part of the Carpathian Arc (see Fig. 1) was
formed as a result of the influence of the ALCAPA block
(northern fragment of the Adriatic Plate) on the Eurasiatic Plate
(Birkenmajer, 1976; Ney, 1976; Ksi¹¿kiewicz, 1977;
Tapponier, 1977; Burchfiel and Royden, 1982; Pescatore and
Œl¹czka, 1984; Plašienka et al., 1997; Fodor et al., 1999).

If the development of the Magura Nappe began in the Late
Oligocene (Burchfiel, 1980; Burchfiel and Royden, 1982;
Pescatore and Œl¹czka, 1984; Mastella, 1988; Roca et al.,
1995), and forming of the Silesian Nappe commenced in the
Early Miocene (Oszczypko and Tomaœ, 1985; Roca et al.,
1995), then the folds forming in the Magura Nappe should re-
flect the influence of the earlier regional stress field compared
with the folds of the Silesian Nappe.

Such interpretation is confirmed by the diverse changes in
trajectories of compression direction determined in both
nappes (Fig. 9). This indicates, that the formation of folds in the
Magura and the Silesian Nappes was not a continuous and the
internal deformations of both these megastructures reflect dif-
ferent stages of the regional stress field evolution.

The Late Oligocene regional stress compression in the hin-
terland of the Flysch Carpathians was from SSE to NNW
(Marko et al., 1991; Fodor et al., 1999). The fan-like distribution
of the compression trajectories within the Magura Nappe (Fig. 9)
reflects the press of the Adriatic Microplate (Laubscher, 1972),
similar to stress patterns observed in other collision zones, such
as Taiwan (Angelier et al., 1986; Huchon et al., 1986) or on the
Alpine foreland (Laubsher, 1972). This study was limited to the
Polish part of the Carpathian Arc and the recognised fan is not
complete. Nevertheless, the observed distribution of trajectories
in the Magura Nappe is consistent with interpretations of the
compression directions from the Oligocene/Miocene boundary
obtained by Aleksandrowski (1989) and based on observations
of tectonic structures in the western part of this nappe. It is also
in agreement with interpretation of Fodor et al. (1999) based on
multidisciplinary investigations.

According to Mastella (1988), beds within the developing
Magura Nappe were already folded. Therefore, the recently ob-
served distribution of fold axes direction reflects stress pattern
during the fold development implied by the ALCAPA advanc-
ing towards the East European Plate.

An opposite compression trajectories change pattern exists
in the Silesian Nappe (see Fig. 9). This indicates that that there
was a change in the direction of regional compression prior to
the development of folds in the Silesian Nappe. This change
was probably caused by the Early Miocene oblique collision of
the Carpathian Orogen with the East European Platform
(Marko et al., 1991; Kováè et al., 1994; Plašienka et al., 1997).
As a result, large WSW–ENE strike-slip faults were activated
in the Inner Carpathians (Marko et al., 1991; Plašienka et al.,
1997). Sinistral displacements along these faults caused coun-
ter-clockwise rotations of the basement blocks (domino effect
— Marko et al., 1991). The dynamic processes in the Inner
Carpathians influenced the stress field in their foreland.

In the Outer Carpathians, the direction of regional compres-
sion changed gradually from N–S to SW–NE by the end of the
Badenian (Aleksandrowski, 1985; Mastella, 1988; Marko et
al., 1991; Jarosiñski, 1998; Fodor et al., 1999). Concurrent mi-
gration of the front of fold deformations towards the foreland
and eastwards (Tokarski, 1978; Pescatore and Œl¹czka, 1984;
¯ytko, 1985; Aleksandrowski, 1989), responding to the pattern
of trajectories of the compression directions within the Silesian
Nappe (Fig. 9), reflects such changes of the regional stress
field. This interpretation is consistent with the pattern of the
stress field changes proposed by Aleksandrowski (1989).

RELATION OF FOLDS TO OTHER TECTONIC STRUCTURES

Folds in the Outer Carpathians were formed after formation
of shear joints and before the development of strike-slip faults
and extensional joints (Mastella, 1988; Zuchiewicz and
Henkiel, 1993; Mastella and Szynkaruk, 1998; Mastella and
Zuchiewicz, 2000).

The results of this study are similar as in other publications
on brittle deformations. Directions of the principal horizontal
stress �1, separated from the pre-folding (Eocene–Oligocene)
shear joints, show that until Miocene, the regional compression
in the Outer Carpathians had stabile northward direction
(Mastella et al., 1997; Zuchiewicz, 1998; Fodor et al., 1999;
Mastella and Konon, 2002). Under such conditions, regional
folds of the Magura Nappe were developed at the turn of
Oligocene and Miocene (Burchfiel, 1980; Burchfiel and
Royden, 1982; Pescatore and Œl¹czka, 1984; Mastella, 1988;
Roca et al., 1995; Fodor et al., 1999). Folds in the Silesian
Nappe developed in response to the Early Miocene collision of
the Carpathians. This collision caused also fold bending in the
Magura Nappe and the development of post-folding deforma-
tions (Nemèok et al., 1993) similar to those recognised on the
Alpine foreland (Laubsher, 1972) or in Taiwan (Angelier et al.,
1986; Huchon et al., 1986). Bending of the Carpathians gener-
ated strong extension, parallel to the strike of regional struc-
tures, which lead to formation of fan-like network of dextral
strike-slip faults, cutting through the existing folds (Mastella
and Szynkaruk, 1998; Rubinkiewicz, 2000; Konon, 2001).

This extension, together with the Late Miocene uplift of the
Carpathians, produced extension joints (Mastella et al., 1997).
Their analysis indicates that the directions of decreasing re-
gional compression had a fan-like pattern, weakly divergent to
the north (Mastella et al., 1997; Zuchiewicz, 1998; Mastella
and Konon, 2002).

SUMMARY

The statistical analysis of bedding orientation in limbs of
the regional folds was based on data from the existing 1:50 000
geological maps, supplemented by author’s field observations.
On this ground, strikes of fold axes in homogenous tectonic do-
mains of the Polish part of the Silesian and Magura Nappes
were reconstructed (Fig. 8).

Directions of compression responsible for fold develop-
ment were inferred from the recent fold pattern (Fig. 9). This
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work improved understanding of compression directions in this
part of Carpathians.

In this study, the Outer Carpathians were shown as a homog-
enous tectonic unit and the presented compression directions dis-
regarding the real, more complicated tectonics of the region
(Aleksandrowski, 1989; Fodor et al., 1999). Moreover, strikes of
trajectories were extrapolated onto the entire Polish Outer
Carpathians from the results of local observations (op. cit.).

Compression directions in the Magura and Silesian Nappe
are different. The trajectories in the Magura Nappe generally
propagate radially northwards, but towards the thrust front they
turn westwards (Fig. 9). In the Silesian Nappe, the compression
directions form similar fan-like pattern opened to the north, ex-
cept near the foreland where the directions turn eastwards. The
fan of the trajectories is more open to the north in the Magura
than in the Silesian Nappe.

In previous interpretations that the regional folds developed
independently in both nappes, under different stress fields.
Considering the order of folding (Burchfiel, 1980; Mandl and
Shippam, 1981; Burchfiel and Royden, 1982; Pescatore and
Œl¹czka, 1984; Oszczypko and Tomaœ, 1985; Roca et al.,
1995), the older compression directions were preserved in the
Magura Nappe and the younger ones in the Silesian Nappe.
Folding in both nappes was caused by the northwards move-
ment of the ALCAPA Block (Birkenmajer, 1976; Ney, 1976;
Ksi¹¿kiewicz, 1977; Tapponier, 1977; Burchfiel and Royden,
1982; Pescatore and Œl¹czka, 1984; Plašienka et al., 1997;
Fodor et al., 1999).

A fan-like pattern of compressional directions, typical for
orogenic development was formed in the foreland of this
block (Laubsher, 1972; Angelier et al., 1986; Huchon et al.,
1986). Local directions of the main horizontal stress �1 were
subordinated to the regional stress field. The regional fold
axes in the Magura Nappe, formed at the Oligocene and Mio-
cene transition (Burchfiel, 1980; Burchfiel and Royden, 1982;
Pescatore and Œl¹czka, 1984) and are northwards convex
along their strikes. The main cause of folding of the Silesian

Nappe was Early Miocene oblique collision of the ALCAPA
with the East European Platform (Marko et al., 1991; Kováè et
al., 1994; Plašienka et al., 1997). This collision changed the di-
rection of regional compression and initiated its clockwise rota-
tion (op. cit.). Stress caused by progression of the Magura Nappe
resulted in successive development of folds from the hinterland
to the foreland. The direction of folding was changing gradually,
following rotation of the direction of the regional compression.
This interpretation of the main horizontal stress directions is in
agreement with the existing publications on the pre-folding
(shear joints — Pescatore and Œl¹czka, 1984; Mastella, 1988;
Zuchiewicz and Henkiel, 1993) and post-folding tectonic struc-
tures (strike-slip faults, extension joints — Mastella et al., 1997;
Zuchiewicz, 1998; Mastella and Szynkaruk, 1998;
Rubinkiewicz, 2000; Mastella and Konon, 2002).

Post-folding tectonic processes, did not significantly change
strikes of the regional folds, but their geometry was complicated
by thrusting of nappes. As a result, a new generation of second
order folds was formed (Aleksandrowski, 1989). These are,
however, invisible in statistical analysis of regional folding.
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