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Abstract: A study of the second-order folds in the eastern part of the Silesian Nappe allows one to distinguish two
groups of structures: longitudinal ones and those orientated obliquely to the strike of the first-order fold axes.
Analysis of orientation of the second-order fold axes has made it possible to reconstruct the orientation of 51 stress
axes and compression trajectories for each group of folds individually. The results of such a reconstruction imply
that the two groups of folds must have been developing independently one from another. Longitudinal folds were
formed together with the first-order folds, under the influence of clockwise rotating compression caused by the
Early Miocene plate collision, whereas development of the oblique folds was influenced by counterclockwise
rotating compression, what seems to be connected with the final push of the Carpathians in Sarmatian times.
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INTRODUCTION

The paper presents the results of a study of folds in the
main structural units of the Polish Outer Carpathians. The
aim of these investigations is to reconstruct tentatively the
orientation of the stress field, which was responsible for
folding in that area. Former attempts at regional stress re-
construction, available in the Polish literature were, first of
all, focusing on brittle tectonic structures (Zuchiewicz &
Henkiel, 1993; Zuchiewicz, 1997; Mastella & Szynkaruk,
1998; Mastella & Zuchiewicz, 2000; Rubinkiewicz, 2000).
Some interpretations were supplemented by fold analyses
(Tokarski, 1975; Mastella, 1988; Aleksandrowski, 1985;
1989; Mastella et al., 1997; Konon, 2001), but there were no
interpretations based on folds only. Previous author’s stud-
ies concerned the first-order folds (see Szczgsny, 2001,
2003). Their results confirmed opinions by Konior (1981),
Buta & Jura (1983), Aleksandrowski (1989), and many oth-
ers that folds in the Carpathians were formed in several
stages.

This paper starts a cycle of studies of the second-order
folds which were more sensitive to changes of the stress
field. Their analysis could provide information about spatial
changes of the orientation of horizontal compression fol-
lowing formation of the first-order folds. It is very impor-
tant because in the western part of the Magura Nappe sev-
eral sets of second-order folds of different orientations have

been distinguished (Sikora & Zytko 1960; Aleksandrowski,
1985; 1989). These second-order folds strike both parallel
and obliquely to the first-order folds. It was proved that the
above-mentioned folds have been developing independen-
tly, under the influence of differently orientated stress field
(op.cit).

In this paper, data from the eastern part of the Polish
Outer Carpathians are presented. The study area covers
a part of the Silesian Nappe between Gorlice and Sanok

(Fig. 1).

Lithostratigraphy

In the investigated part of the Silesian Nappe, strata rep-
resenting only the upper part of lithostratigraphic log are ex-
posed (Zytko et al., 1989; Slaczka & Kaminski, 1998; cf.
Fig. 2). The oldest, Upper Cretaceous strata are composed
of sandstones (Lower Istebna Sandstones), whereas the
youngest ones are of Oligocene age. They are composed of
dark bituminous shales, cherts, and marls (Menilite beds),
passing into sandstones of the Krosno beds. These sand-
stones mark the final episode of sedimentation in the Sile-
sian basin (Zytko et al., 1989; Slqczka & Kaminski, 1989).
In the studied area, mostly the Krosno beds are exposed.
They build limbs of the regional folds and cores of synclines
(Swidziﬂski, 1958; Ksiazkiewicz, 1972; Zytko et al., 1989).
Older Tertiary strata (Paleocene, Eocene) are exposed in
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Fig. 1.  Location sketch: / — study area, 2 — first-order folds, 3 — cross section shown on Fig. 3, 4 — cross section shown on Fig. 4
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Fig. 2. Lithostratigraphic log of the Silesian Series (after Slaczka & Kaminski, 1998; modified): A — lithostratigraphic units exposed in
the study area
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Fig. 3.  Schematic cross section through the Silesian Nappe (after Zytko et al., 1989; modified). For location — see Fig. 1

Lower Istebna beds - thick bedded
sandstones, conglomerates and shales

hinges of narrow-spaced anticlines, only (Fig. 3 and 4).  narrow-spaced, northwards overturned, and often imbri-
However, exposures of the oldest, Cretaceous rocks are  cated (Fig. 3). The abundance of faults within the folds is
known only from cores of anticlines situated in the northern ~ dependent on lithology of host strata (Ksiazkiewicz, 1972;
part of the nappe (op.cit.) Aleksandrowski, 1989). The main role is played especially
by rigid, thick-bedded sandstones of the Lower Krosno beds
(Fig. 2). Sandstones are underlain by shally Menilite beds
and interbedded by numerous layers of shales (Guzik &

The studied portion of the Silesian Nappe contains a  Pozaryski, 1950; Burtan & Sokotowski, 1952; Swidzinski,
large number of folds and thrust slices (Fig. 3). Axes of the ~ 1958; Ksiazkiewicz, 1972; Zytko et al., 1989). Due to the
first-order folds in the western part of the nappe usually  drastic difference of geomechanical properties between
strike W—E. Towards the East, the strikes of fold axes  sandstones and shales, along their contacts surfaces of dé-
gradually turn to the WNW-ESE (Totwinski, 1921; Guzik  collements and overthrusts developed. That is the reason
& Pozaryski, 1950; Burtan & Sokotowski, 1952; Swidzin-  why the northern limbs of anticlines and southern limbs of
ski, 1958; Ksiazkiewicz, 1972; Zytko et al., 1989; Kuémie-  synclines are often reduced (Ksiazkiewicz, 1972; Aleksan-
rek, 1990; Szczesny, 2003). The folds are predominantly — drowski, 1989; see also Fig. 3).
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Fig. 4.  Cross section through the eastern part of the Biecz fold (after Guzik, 1949; modified). For location — see Fig. 1
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Fig. 5.

Syncline built up of the Oligocene Menilite beds on the
Wistok River at Rudawka Rymanowska

Numerous smaller-order folds accompany the first-
order folds in the study area. The lithology of flysch strata
influenced geometry of the second-order folds, as well. Two
main types of flysch complexes can be distinguished:
sandstone-dominated, and shale-dominated ones. Quantita-
tive relation of rigid sandstones to ductile shales datermine
the geometry of second-order folds. In folds composed
mainly of sandstone strata, bed thickness remains constant,
i.e. the geometry of folds is close to concentric (Fig. 5).
However, folding of shale beds induces increase in their
thickness in fold hinges, what is typical for similar folds
(Fig. 4, see also Aleksandrowski, 1989). Since shale com-
plexes were folded more easily than the others, the majority
of second-order folds were formed there (see, e.g., the
southern limb of the Biecz Fold — Fig. 4). The analysed
folds usually show regular plunge angles; they verge to-
wards the hinge of the first-order antycline as typical drag
folds (Fig. 4).

METHODS

The applied methodology is based on the statistic analy-
sis and makes it possible to distinguish general regularity in
spatial arrangement of the fold axes, local deviations being
eliminated. Recent bed attitudes in limbs of the second-
order folds have been measured on the existing geological
maps. Measurements were collected from eight sheets of the
Geological Map of Poland at the scale of 1: 50,000 (Sikora,
1964; Slqczka, 1964; 1968; Koszarski, 1967; Szymakowska
& Wojcik, 1984; Cieszkowski et al., 1988a; Wdowiarz et
al., 1991; Wéjcik et al., 1992). The database was verified by
measurements conducted on detailed maps (Guzik &
Pozaryski, 1950; Swidzifiski, 1973), and author’s measure-

ments taken at the selected test sites (Fig. 5). The spacing of
the analysed folds varied from tens of metres to several hun-
dreds of metres (see Figs. 4 and 5). Completely exposed
folds (Fig. 5) are rare because their extent usually exceeds
the dimensions of individual exposures. Therefore, in most
cases, only small parts of fold limbs are exposed.

Measurements of bed attitude in fold limbs allow to cal-
culate, with the aid of GEOCALC software, the orientation
of fold axes. A total of 703 fold axes have been measured.
Taking into consideration the location of individual folds,
they were connected with homogenous tectonic domains
(fragments of the first-order folds) distinguished in the stud-
ied area (Fig. 6; see also Szczgsny, 2003). The boundaries to
these domains are: overthrusts, large transversal faults,
fault-controlled river valleys, and hinge lines of the first-
order folds. The analysed area is covered by 35 domains that
comprise from 6 to 62 second-order folds (Fig. 6). The point
diagram (Fig. 6), as well as rose-diagram of fold axes (Fig.
7) were prepared for each domain with the aid of the
STEREONET software. In this way, predominant direction
of fold axes, alongside with one or more secondary direc-
tions were distinguished (Fig. 7). The average azimuth of 6}
stress axis was determined for the main and subsidiary ori-
entation of fold axes in every domain (Fig. 8).

Directions of 0] azimuths in the centres of the domains
were recalculated, using the second-order polynomial, by
the RESICAL software developed by Krzysztof Nowicki
(see Szczesny, 2003), into the trend surfaces of azimuths of
the o1 axis. It was made for each group of fold axes sepa-
rately. These surfaces were transformed into contour maps
with the help of the SURFER software (Figs. 9 and 10).
Contour lines connect points at which values of o are the
same. It means that the folds, being succesively formed to-
wards the foreland of the nappe (Price & Cosgrove, 1990;
Fig. 11.41), were influenced by similarly orientated stress.
To show how the maximal horizontal stress (compression)
changed its direction during formation of the folds, basing
on isoline maps, trajectories of compression were drawn
(Fig. 11). Finally, the distinguished trajectories of compres-
sion inferred from the predominant and secondary direc-
tions of fold axes were compared with those distinguished
from the analysis of regional, first-order folds (Fig. 12; see
also Szczesny, 2003).

ORIENTATION OF FOLD AXES

In the studied part of the Silesian Nappe, three groups
of second-order folds were distinguished (Fig. 7). The most
numerous are folds whose axes trend about N95° E (to the
north of Gorlice), and constantly turn to N140° E (to the
south of Sanok; Fig. 7). Such strikes of fold axes are com-
patible with those of the first-order folds, from N93° E to
N138° E, respectively (see Szczesny, 2003). The second
group, less numerous, contains the folds whose axes change
from about N75° E (to the north of Gorlice) to N125° E (to
the south of Sanok). They are oblique to the strike of first-
order folds, and orientation of their axes is closer to W-E
than that of the axes of regional folds (Fig. 7; see also
Swidzinski, 1958; Ksiazkiewicz, 1972; Zytko et al., 1989).
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Fig. 6.
fold axes; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura Nappe

Characteristics of tectonic domains: / — boundaries of tectonic domains, 2 — point diagrams of orientation of the second-order
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N
*~2

Fig. 7.

Distribution of the second-order fold axes within individual domains: / — regional folds, 2 — angular histograms of directions of

the second-order fold axes; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura Nappe

Single folds of orientation different than that described as
longitudinal and oblique were also distinguished, e.g., to the
south-east of the Dukla Unit (Figs. 6 and 7). Azimuths of
their axes varies from N-S to S—N without any spatial regu-
larity.

STRESS FIELD RECONSTRUCTION

According to Mastella (1988) and Fodor et al. (1999),
folding in the Outer Carpathians started under simple hori-

zontal compression conditions. Thus, the axis of maximum
stress G1 was horizontal and perpendicular to the fold axes.
The axis of intermediate stress 6, was also horizontal (per-
pendicular to o7 axis) and parallel to the fold axes, whereas
the axis of the minimum stress o3 was vertical (op. cit.).
Within each domain, the average direction of the o7 stress
axis was determined. However, only two groups of the
second-order folds were analysed. Folds whose axes were
inorderly orientated were not taken into consideration. They
were considered as transformed by movements along the
transversal faults of regional extent (Tolwinski, 1921; Bur-

s
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Fig. 8.

Distribution of o stress azimuths within individual domains, based on the analysis of: / — longitudinal second-order folds, 2 —

oblique second-order folds; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura Nappe

P
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Fig. 9.

Trend plane of the o1 stress azimuths, based on an analysis of the second-order longitudinal folds: / — isolines of 61 azimuths,

2 — o1 azimuths; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura Nappe

tan & Sokotowski, 1952; Swidzinski, 1958; Ksiazkiewicz,
1972; Jaroszewski, 1984; Mastella, 1988; Zytko et al.,
1989; Mastella & Szynkaruk, 1998). Therefore, spatial
variation of orientation of the axis of principal horizontal
stress 01 was calculated only for the second-order folds
which are longitudinal and oblique to the first-order ones,
and separately for each group of folds.

On the maps of trend surfaces, strikes of the isolines of
o1 stress azimuths are different for longitudinal and oblique
folds (Fig. 9 and 10). In the longitudinal folds, orientation of
o1 stress axes consistently change eastwards from N20°E to
NS55°E (Fig. 9). Close to the Magura overthrust isolines run
first eastwards, then they turn to the NE and, finally, close to

the thrust front, they turn westwards (Fig. 9). However, in
the oblique folds, azimuths of ©; stress axes change from
N10°W in the West to N30°E in the East, and isolines run
along the strike of the Silesian Nappe (Fig. 10).

The trajectories of compression reconstructed from the
distribution of o stress in the longitudinal folds, towards
the Silesian frontal thrust run from SW to NE, gently bend-
ing eastwards (Fig. 11), whereas compression trajectories
reconstructed from the oblique folds have SSW-NNE direc-
tion and slightly bend westwards (Fig. 11). It means that
longitudinal folds, forming successively in the eastern part
of the Silesian Nappe, were developed under the influence
of NE-orientated compression and gently rotated clockwise.
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KROSNO

Fig. 10. Trend plane of the o1 stress azimuths, based on an analysis of the second-order oblique folds: 7 —isolines of 61 azimuths, 2 — 01

azimuths; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura Nappe

This is compatible with the results of an analysis of the
first-order folds (Fig. 12; see also Szczgsny 2003). How-
ever, formation of the oblique folds was influenced by com-
pression directed to the NNW, with a tendency to counter-
clockwise rotation. Finally, regional compression inter-
preted from the oblique folds was directed to the North.

EVOLUTION OF THE STRESS FIELD:
DISCUSSION

The analysed area is a part of the Polish Outer Carpathi-
ans. Therefore, recently observed distribution of fold axes
reflects the stress pattern existing during the fold develop-
ment, induced by the ALCAPA block (northern part of the

Fig. 11.  Trajectories of compression directions based on the
analysis of: / — longitudinal second-order folds, 2 — oblique
second-order folds; 3 — Skole Nappe, 4 — Dukla Nappe, 5 — Magura
Nappe

Adriatic microplate) advancing towards the East-European
Platform (Birkenmajer, 1976; Ney, 1976; Ksiazkiewicz,
1977; Tapponnier, 1977; Burchfiel & Royden, 1982; Pesca-
tore & Slqczka, 1984; Plasienka et al., 1997; Fodor et al.,
1999). Development of the Silesian Nappe, as well as of the
folds started in Early Miocene time (Oszczypko & Tomas,
1985; Roca et al., 1995), after formation of most of the folds
in the Magura Nappe was completed (Burchfiel, 1980;
Burchfiel & Royden, 1982; Pescatore & Slaczka, 1984;
Mastella, 1988; Roca et al., 1995). However, there are also
opinions that the folds represent synsedimentary deforma-
tions, probably of gravitational origin (Zytko, 1985;
Kusmierek, 1990). Thus, they could be older — of Oligocene
or even Eocene age.

Fig. 12. Trajectories of compression directions based on the
analysis of the first-order folds (after Szczesny, 2003): I —
trajectories of the maximum compression; 2 — Skole Nappe, 3 —
Dukla Nappe, 4 — Magura Nappe
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It seems, nevertheless, that the Early Badenian oblique
collision of the Carpathian orogen with the East-European
Platform was the most important factor in the formation of
folds in the Silesian Nappe (Marko et al., 1991; Kovac et
al., 1996; Plagienka et al., 1997). The WSW-ENE-orien-
tated strike-slip faults were activated in the Inner Carpathi-
ans (Marko et al., 1991; Plasienka et al., 1997) after this col-
lision. Sinistral displacements along these faults caused
counter-clockwise rotations of the basement blocks (Marko
et al., 1991). The dynamic processes in the Inner Carpathi-
ans influenced the stress field in their foreland. In the Outer
Carpathians, the direction of regional compression changed
gradually from N-S to SW-NE by the end of the Badenian
(Aleksandrowski, 1985; Mastella, 1988; Marko et al., 1991;
Jarosinski, 1998; Fodor et al., 1999). Such changes of the
regional stress field influenced the trend of axes of the first-
order folds, developing together with the second-order lon-
gitudinal folds (Figs. 11 and 12; see also Szczgsny, 2003).
Oblique second-order folds in the Magura Nappe were
formed then (Aleksandrowski, 1985, 1989).

Interpretation of the oblique second-order folds in the
Silesian Nappe shows that their development was influ-
enced by compression orientated meridionally (Fig. 11). It
corresponds with the results of investigations by Zuchie-
wicz (1998), Csontos et al. (1991), and Jarosinski (1998,
1999) who pointed out that recent principal horizontal
stress, in this part of the Carpathians, is orientated to the
North.

In the interpretation of oblique folds, several reasons of
their formation could be taken into consideration (see Alek-
sandrowski, 1989). They could be a result of:

— Miocene transpressive movement between the Inner
and Outer Carpathians, and sinistral displacement along the
Pieniny Klippen Belt (Morawski, 1972; Unrug, 1979, 1984;
Birkenmajer, 1985, 1986; Jaroszewski, 1984; Royden et al.,
1983);

— additionally activated movements along the parallel
strike-slip faults in the substratum of the Outer Carpathians
could have facilitated development of oblique folds within
the flysch cover under the influence of a force couple in a
horizontal plane (Jaroszewski, 1984; p. 495);

— subsidiary, thin-skinned overthrusting and folding
conformable with the model of the Vienna Basin extension
(Ottangian to Badenian), proposed by Royden et al. (1983);

— very late tectonic event. Proofs for the existence of
tectonic deformations in the Sarmatian were provided by
Ney (1968), Ksiazkiewicz (1972), Karnkowski (1974), Bula
& Jura 1983, Oszczypko & Tomas (1985), Cieszkowski et
al. (1988b), Aleksandrowski (1989), Mastella et al. (1997),
and Mastella & Szynkaruk (1998). These deformations
were connected with the final push of the Magura Nappe
(Cieszkowski et al., 1988b).

Taking into consideration the distinguished pattern of
compression trajectories (Figs. 11 and 12), in author’s opin-
jon, the last interpretation seems to be the most plausible
one.

CONCLUSIONS

In the eastern part of the Silesian Nappe, two groups of
second-order folds were distinguished (Fig. 7). The first
group includes folds whose axes are parallel to the axes of
the first-order folds. The second group includes folds
oblique to the extent of the first-order folds. Directions of
the reconstructed axis of principal stress o1 (Figs. 9 and 10),
as well as the trajectories of compression (Fig. 11) are dif-
ferent for each group of folds.

The pattern of trajectories of compression inferred from
longitudinal second-order folds corresponds with that of the
first-order folds (Figs. 11 and 12), i.e. the formation of lon-
gitudinal folds must have been connected with the develop-
ment of the first-order folds. Changes of the compression
direction show that formation of these folds was influenced
by the NE directed compression which slightly rotated
clockwise (Fig. 12; see also Szczesny, 2003) after the Early
Miocene plate collision (Birkenmajer, 1976; Ney, 1976;
Ksiazkiewicz, 1977; Tapponnier, 1977; Burchfiel & Roy-
den, 1982; Pescatore & Slaczka, 1984; Plagienka et al,
1997; Fodor et al, 1999). However, the oblique second-
order folds were formed under the influence of compression
which changed its orientation from the NE to North (Fig.
11). Investigations by Zuchiewicz (1998), Csontos et al.
(1991), and Jarosinski (1998, 1999) have shown that recent
regional compression in the Carpathians is directed to the
North. That is why, in author’s opinion, the oblique
second-order folds are the result of very late tectonic event.
It could be the last tectonic push of the Magura Nappe in
Sarmatian time, as suggested by Ney (1968), Ksigzkiewicz
(1972), Karnkowski (1974), Bula & Jura (1983), Oszczypko
& Tomas (1985), Cieszkowski et al. (1988b), Mastella et al.
(1997), and Mastella & Szynkaruk (1998). The maximum
horizontal stress was not strong enough then to destroy a
general pattern of the first-order and second-order longitu-
dinal folds. The second-order oblique folds are superim-
posed on the above mentioned folds.

Validity of the presented interpretation for the whole
Polish segment of the Outer Carpathians needs, however, to
be confirmed by further studies of the second-order folds.
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Streszczenie

REKONSTRUKCJA KIERUNKOW GLOWNEGO
NAPREZENIA POZIOMEGO WE WSCHODNIEJ
CZESCI PLASZCZOWINY SLASKIEJ (POLSKIE
KARPATY ZEWNETRZNE) NA PODSTAWIE
ANALIZY FALDOW DRUGIEGO RZEDU

Ryszard Szczesny

Niniejsza praca jest kontynuacja studiow nad rekonstrukcja
zmian pola naprezen odpowiedzialnego za powstanie fatldow
w glownych jednostkach strukturalnych polskich Karpat Zew-
netrznych (Szczesny, 2001, 2003). Analiza fatldow drugiego rzedu
ma uszczegélowi¢ interpretacje uzyskana z analizy fatdow regio-
nalnych.

Stwierdzone w zachodniej czg$ci plaszczowiny magurskiej
nalozenie sie na siebie zespotéw fatdow drugiego rzedu —
zgodnych i ukosnych do przebiegu faldow nadrzgdnych (Sikora &
Zytko, 1960; Aleksandrowski, 1985, 1989) — wskazuje, iz po
gtownej fazie deformacji faldowych miato miejsce wtorne fatdo-
wanie w inaczej juz zorientowanym polu naprezen. Celem
niniejszej pracy jest potwierdzenie powyzszej sugestii w oparciu
o0 dane pochodzace z innego fragmentu Karpat Zewngtrznych. Wy-
brany do badan obszar stanowi fragment ptaszczowiny slaskiej po-
migdzy Gorlicami a Sanokiem (Fig. 1-4).

Interpretacji poddano pomiary wspotczesnego polozenia
warstw w skrzydlach faldéw drugiego rzedu. Dane pochodzity
gtéwnie z arkuszy Szczegdtowej Mapy Geologicznej Polski
w skali 1: 50 000 (Sikora, 1964; Slaczka, 1964; Koszarski, 1967;
Slaczka, 1968; Szymakowska & Wojcik, 1984; Cieszkowski et al.,
1988a; Wdowiarz et al., 1991; Wojcik et al., 1992). Zostaly one
uwiarygodnione i uzupelnione w trakcie wlasnych badan tereno-
wych (Fig. 5), a takze przez poréwnanie z mapami szczegétowymi
(np. Guzik & Pozaryski, 1950; Swidzinski, 1973). Pomiary
polozen warstw ze skrzydet faldow postuzyty do obliczenia orien-
tacji osi tych struktur. Lacznie opracowano 703 faldy, ktére ze
wzgledu na lokalizacj¢ zostaty potaczone w grupy. Granice grup
odpowiadaty wyznaczonym przez autora granicom jednorodnych
tektonicznie domen, bedacych fragmentami struktur faldowych
wyzszego rzedu (Fig. 6; Szczgsny, 2003). Dla kazdej z domen
opracowano diagram punktowy (Fig. 6) oraz rozetowy potozenia
osi faldow, na ktorym uwidocznit si¢ dominujacy kierunek osi
oraz jeden lub wigcej kierunkéw podrzednych (Fig. 7).

Za Mastella (1988) oraz Fodorem et al. (1999) przyjegto, ze
formowanie faldow w Karpatach Zewnetrznych byto zapoczatko-
wywane w warunkach prostej kompresji horyzontalnej. W tych
warunkach o najwigkszego naprezenia gléwnego o1 byla
pozioma. O$ posredniego napre¢zenia gtéwnego o2 byla rowniez
pozioma i jednoczes$nie prostopadta do osi o1, a jej polozenie
pokrywato sie z kierunkami osi powstajacych fatdéow. O$ naj-
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mniejszego naprezenia gléwnego o3 byla wowczas pionowa. Kie-
rujac si¢ powyzszym zalozeniem w kazdej z domen, dla kazdego
stwierdzonego kierunku osi faldéw, wyznaczono azymuty osi na-
prezenia gtéwnego o1 (Fig. 8).

Wartosci azymutow osi o1 z faldow nizszego rzedu przypi-
sane srodkom domen o okreslonych wspétrzednych zostaty w dal-
szej kolejnosci przetworzone wielomianem drugiego stopnia na
obraz izoliniowy — mape¢ trendu azymutéw 1. Sporzadzono dwie
mapy, jedna dla dominujacego kierunku osi gléwnego naprezenia
(Fig. 9), druga za$ dla najwyrazniejszego kierunku drugorzednego
(Fig. 10). Na podstawie tych map wyznaczono przebiegi trajektorii
kierunkow kompresji zaréwno dla dominujacego, jak i drugorzed-
nego kierunku fatdéw (Fig. 11). Ostatnim zabiegiem bylo poréw-
nanie uzyskanych trajektorii z analogicznymi wynikami analizy
faldow pierwszego rzedu (Fig. 12).

W badanej czesci ptaszczowiny $laskiej stwierdzono obec-
nos$¢ niezaleznych grup fatdow drugiego rzedu (patrz Fig. 7). Osie
liczniejszej z nich przebiegaja od N95° E na zachodzie do N140°
E na wschodzie i wykazuja duza zgodnosé z rozciagloscia faldow
regionalnych (Fig. 7).

Druga, mniej liczna grupe, stanowig faldki o przebiegu ukos-
nym do rozciaglosci struktur nadrzgdnych. Ich osie, w stosunku do
regionalnego przebiegu struktur WNW-ESE, maja w wigkszosci
przebieg bardziej rownoleznikowy, a ich azymuty mieszcza si¢
w przedziale od N75° E do N125° E (Fig. 7-10).

Trajektorie kompresji odtworzone z faldéw podluznych maja,
przy nasunigciu magurskim, przebieg SW-NE i ku brzegowi
plaszczowiny zakrecaja lekko na wschéd (Fig. 11). Tymczasem
trajektorie wyinterpretowane z faldkéw ukos$nych maja przebieg
SSW-NNE i wykazuja tendencj¢ do skrecania na zachdd (Fig. 11).
Oznacza to, zgodnie z modelem Price’a i Cosgrove’a (1990), ze
kolejne, coraz mlodsze generacje faldow podluznych byly for-
mowane pod wplywem kompresji rotujacej zgodnie z ruchem
wskazéwek zegara. Tymczasem faldki ukosne poddane byly
wplywowi kompresji rotujacej w przeciwna strong tak, ze osta-
tecznie byta ona skierowana ku péinocy.

Obszar poddany analizie jest niewielkim fragmentem pol-
skiego odcinka tuku karpackiego. Luk ten zostal uformowany na
skutek oddziatywania bloku ALCAPY — pdiocnego fragmentu
mikroptyty adriatyckiej na plyte euroazjatycka (Birkenmajer,
1976; Ney, 1976; Ksiazkiewicz, 1977; Tapponnier, 1977,
Burchfiel & Royden, 1982; Pescatore & Slaczka, 1984; Plasienka
et al., 1997; Fodor et al., 1999). Uruchomienie ptaszczowiny $las-
kiej i formowanie faldow w jej obrebie rozpoczelo sig we wczes-
nym miocenie (Oszczypko & Tomas, 1985; Roca et al., 1995), po
uformowaniu wigkszo$ci analogicznych struktur w plaszczowinie
magurskiej (Burchfiel, 1980; Burchfiel & Royden, 1982; Pesca-
tore & Slaczka, 1984, Mastella, 1988; Roca et al., 1995). Po
wczesnomiocenskiej skosnej kolizji wymienionych plyt, kierunek
regionalnej kompresji na ich przedpolu zaczyna skreca¢ z S-N na
SW-NE pod koniec badenu (Aleksandrowski, 1985; Mastella,
1988; Marko et al., 1991; Jarosinski, 1998; Fodor et al., 1999,
Konon, 2001). Rozciagto$¢ formowanych wowczas w plaszczo-
winie $laskiej faldéw pierwszego rzedu oraz faldow podluznych
podporzadkowata si¢ tak rotujacej kompresji (por. Fig. 11 i 12).
Wtedy tez formowana bylta cze$¢ faldow ukosnych w ptaszczowi-
nie magurskiej (Aleksandrowski, 1985, 1989). Z kolei przebieg osi
faldow ukosnych stwierdzonych w plaszczowinie $laskiej wska-
zuje na powolna rotacje kierunku kompresji ponownie ku N-S
(Fig. 11), zgodnie z obserwacjami Csontosa et al. (1991),
Zuchiewicza (1998) i Jarosinskiego (1998, 1999), dotyczacymi in-
nych struktur tektonicznych.

Powstanie faldéw ukosnych moze by¢ tlumaczone na kilka
sposobow (por. Aleksandrowski, 1989). Stwierdzone przez autora
geometryczne zalezno$ci pomigdzy faldami pierwszego i drugiego
rzedu sprawiaja, ze sktania si¢ on do opinii, iz faldy te sa rezul-
tatem bardzo pdéznych — sarmackich nasunig¢é i faldowan (Ney,
1968; Ksiazkiewicz, 1972; Karnkowski, 1974; Buta & Jura, 1983;
Oszczypko & Tomas, 1985; Cieszkowski et al., 1988; Aleksan-
drowski, 1989; Mastella er al, 1997; Mastella & Szynkaruk,
1998), by¢ moze zwiazanych z resztkowymi ruchami dosuwczymi
plaszczowiny magurskiej (Cieszkowski ef al., 1988b).







