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(Tabl, I—1IV i 15 fig.)

Abstract: The tectonic history of a part of the Magura Unit based upon the
quantitative and qualitative analysis of the mesoscopic structures is presented. It
appears that the transversal joints precede other deformation; the longitudinal
joints were developed during the folding, The faults were formed before, during
and after the folding.

This paper discusses the results of quantitative and qualitative analysis
of mesoscopic structures in the Dunajec valley between Kroscienko and
Zabrzez. An attempt has been made to explain the Carpathian tectonics
solely by structural methods.

The interpretations are based on the following data:

Attitude of the strata.

Lineation b — axes of minor folds, bends and boudins.
Joints.

Minor faults.

Tectoglyphs.

Feather fractures.

Tectonic ribs.

Plumose structures.

Calcite fillings.

The flysch sequence of the Polish Flysch Carpathians is not a re-
warding object of structural investigations. The outcrops are usually small;
within the KroScienko-Zabrzez area there were only a few larger expo-
sures where measurements adequate for quantitative analysis could be
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taken. Therefore, in order to obtain as many data as possible, the follow<
/ing methods were employed:

a) Measurements of mesostructures were taken from all available out-
crops. These were plotted as summary diagrams referring to the particular
tectonic subunits. The sizes of these subunits, considered here homo-
genous, depended on the dimensions of areas where the number of
observations allowed quantitative interpretation. Thus, in the case of
interpretation of joints, where the number of measurements was
considerable, it was possible to distinguish additional subunits. In other
cases it was necessary to join the subunits into larger ones.

b) Separate diagrams were made for all outcrops where it was possible to
take 50 measurements, a number sufficient for quantitative interpretation
(cf. Whitten, 1966, p. 24). The data obtained from these outcrops were
then compiled in summary diagrams using the method of indirect syn-
thesis (cf. Jaroszewski, 1972, p. 17).

Nevertheless, it was not always possible to obtain enough data for
reliable quantitative interpretation. This concerns mainly longitudinal
joints and, in a lesser degree, faults. Therefore, untill more field observa-
tions are made the present reconstruction of tectonic evolution must
remain tentative.

The scarcity of published data on the flysch mesostructures was an ad-
ditional difficulty. Therefore the papers on mesostructures of different
deposits have been studied for comparison, but these concerned, if pos-
sible, the regions of tectonic style similar to that of the Carpathians.

The tectonic terminology used in this paper is that introduced by
Ksigzkiewicz (1968) and Jaroszewski (1972).

Because of a considerable scattering of measurements in the attitude
of strata diagrams the construction of the position of structure axes would
be quite inexact. Therefore, in order to obtain mean values (delimiting the
great circles), an Algol programm has been worked out; the calculations
were made by the least squares method. This was done in the Institute of
Structural Mechanics, Technical University of Cracow. The computer was
Odra 1204 1,
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PREVIOUS INVESTIGATIONS

The report area included in the geological maps by Szajnocha
(1902) and Uhlig (sheet Szczawnica) was described in detail by Ma 1-
kowski (1923), Horwitz (1935) and Bogacz and Weclawik
(1962, 1963, 1965). The south-western part of the region was mapped by
Watycha (1963). Jointing was investigated by Bober and Oszczy p-
ko (1963); this was one of the earliest studies of this kind in the Car-
pathians. The Kroicienko area was also investigated by Zytko (1963).
The stratigraphic subdivisions and correlations were made by Birken-
majer (1963)and Alexandrowicz et al. (1966).

NOMENCLATURE

The region which was studied is situated within the southern part of
the Magura Unit. According to Bogacz and Wecltawik (1962) and
Oszczypko (1973) it constitutes a part of the Krynica Zone (Swi-
dzinski, 1961 fig. 1) of this unit.

The Krynica Zone is the southern facial zone of the Magura Unit.
The latter is the innermost tectonic unit of the Flysch Carpathians. From
the south it adjoins the Pieniny Klippen Belt; to the north it overthrusts
flatly the Silesian Unit in the west and the Dukla Unit in the east.

The Krynica Zone of the Magura Unit is the least known part of the
Polish Flysch Carpathians; the stratigraphy has not yet been finally estab-
lished. In the region studied the Magura ""Beds” (Formation) are underlain
by the thin bedded flysch. The latter, which was called earlier the “Boun-
dary Flysch” (Uhlig, 1890; Maltkowski, 1923) or the "Peri-Klippen
Flysch” (Horwitz, 1935) is at present known under as much as five
different names. Thus, Bogacz and Wecltawik (1962) described
the Submagura "Beds” and Beloveza "Beds”, Watycha (1963) the
Submagura ”Beds” and Hieroglyphic "Beds”, Zytko (1963) the Inoce-
ramus ’"Beds”, Alexandrowicz et al. (1966) the Submagura ”Beds”
and Inoceramus ”Beds”.

In the southern part ofsthe region Birkenmajer (1956, 1957)
distinguished the Szczawnica "Beds” underlying the Magura ’Beds’”. Ac-
cording to this author (1963) between those two complexes there occur
locally, generally west of Kroscienko, the Submagura ”Beds”.

The name Szczawnica "Beds”, used consistently by Birkenmajer
in this region, will be used here to denominate the thin bedded flysch of
the Kroscienko element (fig. 1, 2) whereas the deposits exposed at the
Tylmanowa anticline hinge are called descriptively ’Thin Bedded Flysch”.
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MACROSTRUCTURAL PATTERN — TECTONIC STYLE

The -following fold structures can be distinguished within the report

area (fig. 1) from south to north: '

— anticlinal, subordinately folded Kroscienko element,

— Klodne syncline (the name proposed by Zytko 1963),
— Tylmanowa anticline,

— Rzeki syncline,

— anticlinal, subordinately folded element of Sobel-Zabrzez.

The deposits exposed within the area are exclusively those of the Pa-
lacogene (Birkenmajer, 1962), consisting of the Magura ”Beds”
underlain within the Kroscienko element by the Szczawnica “Beds” and
by the Thin Bedded Flysch outcropping at the Tylmanowa anticline hinge
(fig. 2). The development of the Magura ”Beds” changes in the N-S direc-
tion (Zy tko, 1963). In the south, within the Klodne syncline, it consists
of the thick bedded Magura sandstone with thin intercalations of shales
and the thin bedded flysch, the thickness of which does not exceed 10%
of the total. Toward the north the proportion of the thick bedded sand-
stones diminishes; within the Sobel-Zabrzez element these constitute 50%
of the profile. The remaining part of the section consists of irregularly
distributed intercalations of the thin bedded flysch and occasional inter-
calations of the thin bedded Lacko marls.

The Thin Bedded Flysch exposed at the Tylmanowa anticline hinge
contains irregularly distributed intercalations of thick bedded sandstone
of the Magura type.

The characteristic feature of the area is the disharmonic folding of the
Magura ,,Beds” in relation to the underlying thin bedded flysch, which
was noted by geologists working in the Kroscienko region as early gs in
1923 M alk owski). The Magura ,,Beds” form gentle, large wavelength
folds. Their dimensions depend on the lithology diminishing northwards
as the competence of the series becomes lower. The underlying thin bed-
ded flysch forms a system of short wavelength folds. The most disturbed
are Szczawnica ’Beds” of the Kroscienko element; the disharmonic folding
is common there (pl. 1, fig. 1) as well as boudinage, even drag folds occur
in places (pl. 1, fig. 2).

The contrast in the tectonic style between the gently disturbed Klodne
syncline and strongly disturbed Kro$cienko element is supposed to be one
of the proofs of the presence of a fault between the two units (Bogacz

Fig, 1. Structural sketch map of the region studied. 1 — axial surfaces of synclines;

2 — B-axes of fold structures; 3 — line of section. EK — Kro§cienko element;

SK — Klodne syncline; AT — Tylmanowa anticline; SRz — Rzeki syncline; SZ —
Sobel-Zabrzez element

Fig. 1. Szkic strukturalny analizowanego rejonu. 1 — powierzchnie osiowe synklin;

2 — osie B struktur faldowych; 3 — linia przekroju. EK — element KroScienka;

SK — synklina Klodnego; AT — antyklina Tylmanowej; SRz — synklina Rzeki;
SZ — element Sobla-Zabrzezy
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Fig. 3. Diagrams of attitude of beds. 1 — great circle #; 2 — z#-axis. A — Kroscien-

ko element; B — Klodne syncline; C — Tylmanowa anticline; D — Rzeka syncline;

E — Sobel-Zabrzez element. Here and in other equal—area projections an inset

semicircle shows the type of plot, while the number inside the semicircle is the-
number of measurements

Fig. 3. Diagramy potozenia warstw. 1 — wielki krag #; 2 — 0§ n. A — element
Kro$cienka; B — synklina Klodnego; C — antyklina Tylmanowej; D — synklina
Rzeki; E — element Sobla-Zabrzezy. P6lkola umieszczone w lewym dolnym rogu

diagraméw wskazujg rodzaj zastosowanej projekcji, a liczba wewnatrz pétkola —
ilo§¢ pomiar6w. To samo oznaczenie zastosowano na wszystkich dalszych diagramach

3 — Rocznik PTG, t. XLV z.3
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and Weclawik, 1963). However, such contrast may be explained by
- different competence of the deposits (cf. Mattauer, 1967; Sbor-
§¢ikov, 1972, p. 31; Root, 1973).

Within the element of Kroscienko the degree of disturbance of the
Szezawnica "Beds” depends markedly on the lithology (Bogacz and
Wecltawik, 1962). When the proportion of thick sandstone intercala-
tions increases the tectonic style changes from strongly folded (pl. 1,
fig. 1) to gently disturbed (pl. 2, fig. 1).

Within the anticlines ( Tylmanowa anticline, Sobel-Zabrzez element)
the dips are steeper than within the synclines (fig. 3). This is probably
due to the occurrence of the short wavelength folds in the Thin Bedded
Flysch of the Tylmanowa anticline hinge and the shorter wavelength
of folds within the Sobel-Zabrzez element. An exception is the anticlinal
element of Kroécienko where the proportion of gentle dips is the highest
in the region. This cannot be explained directly by lithologic factors and
seems to be due to different tectonic style of the Krosdcienko element
where probably recumbent structures predominate.

AXES OF FOLD STRUCTURES

The m-axes of the structures are constructed in n-diagrams of the
strata attitude (fig. 3, tabl. 1). The n-diagram for the Kroscienko elemen"c
(fig. 3A) is ambiguous. In this case the diagram of b-lineation corrobo-
rates the constructed attitude of the B-axis (fig. 4). This attitude agrees
with the observations of Maltkowski (1923), in whose opinion the
strike of the small folds of the ”"Boundary Flysch” in the Kroscienko
region is E-W. This also agrees with Horwitz's obserwations (1935,
p. 98—99) according to whom in the left slope of the Dunajec Valley the

Table 1 — Tabela 1

Structure axis estab- Structure axis estab- Structure axis estab-
Subunit lished from attitude lished from transverse lished from linea-
of beds joint system tion b
Kroscienko 93/3 90/0 90/10
element
Ktiodne 282/0.5 limb S 98/5
syncline 82/0, limb N 270/8
Tylmanowa 281/1 274/3
anticline
Rzeka limb S 288/8
syncline 288/12 limb N 296/10
Sobel-Zabrzez 284/8 289/9
element




@ 1-3-5-7-10%

e
Fig. 4, Diagram of b-lineation of Kroécienko element. 1 — B-axis
o
Fig. 4. Diagram b-lineacji w elemencie Ko§cienka. 1 — 0§ B

structural axis raises westward. Nevertheless, the established orientation
of the B-axis is not quite unambiguous. Considerable dispersion of the
strata attitudes (fig. 3A) and occurrence of subordinate maxima of the lin-
eation b (fig. 4) may suggest the overlapping of several structural direc-
tions.

The distribution of the m-structure axes (fig. 1) shows that there is
a gradual change of the strike orientation of the fold structures; toward
the north the orientations approach NW-SE.

JOINTS &

Two joint systems have been distinguished in the sandstones of the
area:

1. The transverse system, more strongly marked, consisting of two
equivalently developed sets orientated cathetaly and most often sub-
vertical (fig. 5).

2. The longitudinal system composed of subcathetal set of varying in-
clinations and a bedding set. These sets display variable densities '(fig.-G)..
The bedding set occurs almost exclusively in beds thicker than 20 cm
which agrees with the observations of Ksigzkiewicz (1968, p. 371).

This arrangement of joints is, according to Ksigzkiewicz (1968),
characteristic of the Western Carpathians. Similar arrangement, without
distinguishing the bedding joints, was described by Pokorski (1965)
and Boretti-Onyszkiewicz (1968) from the Podhale Flysch.
Similar joint pattern is also known from other folded regions, for instance
from north-western Saskatchewan (Morton and Sassano, 1972).

Diagonal joints, which were described from the Carpathian flysch by

3=
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Ksigzkiewicz (1968) were not found by the present author. How-
ever, the secondary maxima in the summary diagrams may correspond to
the diagonal joints (fig. 5 D, E, G). A different pattern of joints of the re-
gion studied was presented by Bober and Oszczypko (1963);
these authors distinguished two sets of joints 105°/80° and 15°/70°. It
seems possible that the first set corresponds with one of the positions of
the cathetal longitudinal set and the second one conforms with one or
both transwverse sets.

In the thin bedded flysch the joint surfaces intersect single sandstone
layers and exceptionally a few layers. Within the thick bedded sandstones
some fractures are restricted to parts of individual layers. When partings
oblique to the bedding are present within a layer the joints are in places
perpendicular to the partings (fig. 7). The dispersion of joint attitudes
increases proportionally to bed thickness. This can be observed in single
beds (fig. 8) and within the whole tectonic subunits (fig. 5), where the
joint dispersion increases in the following order: the Kroscienko ele-
ment — Tylmanowa anticline — Sobel-Zabrzez element — Rzeka
syncline — Klodne syncline, with the increasing proportions of the thick
bedded sandstones. An identical phenomenon, i.e. the increase of joint
dispersion proportional to the increase of bed thickness was observed by
Hodgson (1961) on Colorado Plateau.

TRANSVERSE SYSTEM

The surfaces of the transverse joints are usually smooth; in some
places these surfaces bear plumose structures which would suggest the
shear-extension origin (Ksigzkiewicz 1968, p. 341). In some outcrops
two sets merge archwise which may indicate that they form a comple--
mentary system (Jaroszewski, 1972, p. 103). This allows to construct
the principal stress axes, which was done for:

— all tectonic subunits (fig. 5), ~
— all the outcrops where taking 50 or more measurements was possible

(fig. 6).

The interpretation of the summary diagrams is difficult due to dif-
ferent strata rotation. The maxima of the transverse sets crossing
each other at low angles are combined in some diagrams (fig. 5C, E, G)

“
<

Fig. 5. Joints in subunits. 1 — o; o,—plane of transverse complementary system;

2 — og-axis of transverse complementary system. A — KroScienko element; B —

southern limb of Klodne syncline; C — northern limb of Klodne syncline; D — Tyl-

manowa anticline; E — southern limb of Rzeka syncline; F — northern limb of
Rzeka syncline; G — Sobel-Zabrzez element

Fig. 5. Zbiorcze diagramy polozenia ciosu. 1 — plaszczyzna o, o, poprzecznego syste-
mu sprzezonego; 2 — 0§ o3 poprzecznego systemu sprzezonego, A — element Kro-
Scienka; B — potudniowe skrzydlo antykliny Klodnego; C — pélnocne skrzydio anty-
kliny Klodnego; D — antyklina Tylmanowej; E — potudniowe skrzydio synkliny
Rzeki; F — poéinocne skrzydlo synkliny Rzeki; G — element Sobla-Zabrzezy
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Fig. 6. Joints in monoclinal outcrops. 1 — surface of bedding; 2—4 — axes of trans-

verse complementary system; 2 — oy-axis; 3 — o0,-axis; 4 — oy-axis; 5—7 — axes

of longitudinal complementary system; 5 — oy-axis; 6 — o,-axis; 7 — gg-axis. A, B,
C — Lgkcica; D, E — Rzeka; F — Zabrzez

Fig. 6. Diagramy polozenia ciosu w odstonieciach monoklinalnych. 1 — plaszczyzna
ulawicenia; 2—4 — osie poprzecznego systemu sprzezonego; 2 — 0§ 65, 3 — 0§ 0Oy
4 — of o4; 5—7 osie podluznego systemu sprzezonego; 5 — 0§ o6, 6 — 0§ 65 T —

0§ 0. A, B, C — Lagkcica; D, E — Rzeka; F — Zabrzez
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Fig. 7. Cathetal character of joints due to anisotropy of the medium. 1 — surface
of bedding; 2 — parting; 3—4 — joints. Drowing from the photo. Rzeka

Fig. 7. Tendencja do katetalnego ustawiania sie ciosu. 1 — powierzchnia ulawicenia;
2 — wewnatrzlawicowa powierzchnia oddzielno$ci; 3—4 — cios. Rysunek z fotografii.
Rzeka

1-3-7-15%,

Fig. 8. Joints in monoclinal outcrop. A — layer 4,5 cm thick; B — layer 11 cm thick;
- Lakcica

Fig. 8. Diagram polozenia ciosu w odstonieciu monoklinalnym. A — lawica o miaz-
szo$ci 4,5 cm; B — lawica o migzszo$ci 11 em. Eakcica

but are always distinctly separated in the diagrams for particular out-
crops. Therefore, in the summary diagrams only the orientation of oj-axis
and the plane comprising directions of the o,- and o,-axes are indicated.
The construction has been made by the method of Bucher (1920).
The orientation of oj-axes agrees quite accurately with that of the
B-(n) axes of the fold structures (tabl. 1). This coincidence and also the
orientation of o,6,-plane perpendicular to the B-axes of folds suggest that
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the longitudinal and transverse undulations (rotations) of the folds took
place after the transverse joint system had been formed 1.

The construction of all main stress axes was possible for monoclinal
outcrops — (fig. 6). The o,-axis coincides there with the dip, the oj-axis
coincides with the B-axis of the fold and the o,-axis is perpendicular to
the 0,03 — plane. Assuming that the o,-axis was more or less horizontal
and the o,-axis more or less vertical it is clear that in all investigated
outcrops the rotation of both these axes within the o,0,-plane was concur-
rent in its direction and value with the strata rotation about the B-axis.

LONGITUDINAL SYSTEM

The surfaces of longitudinal joints are smooth or rough. No plumose
structures have been ascertained. It seems that a part of these were
formed by shearing and a part by tension. The terminating of the bedding

PRZED ROTACJA PO ROTACJI
BEFORE ROTATION AFTER ROTATION

Fig. 9. Concept of longitudinal complementary joint system origin, A — in fold
limb; B — in fold hinge
Fig. 9. Hipoteza genezy sprzezonego systemu ciosu podluznego. A — w skrzydle
faldu; B — w przegubie faldu

1 The described consistences suggest that there is a possibility of indicating the
B-axes of fold structures by use of the transverse jointing, which in the poorly
exposed Flysch Carpathians would have a great practical value.
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joint surfaces against the cathetal joint surfaces or vice versa and a more
.or less constant angle between these surfaces was often observed. This
indicates that they form the complementary system. With this assumption
-the main stress axes have been constructed (fig. 6 D, E, F). These construc-
tions are only tentative because they are based on a low number of meas-
urements. The orientations of o,-axes thus obtained are in near coin-
cidence with those of o;-axes of the transverse system.

It seems that the complementary longitudinal sets may have originated
in two ways: in the "thrust” field of stresses (fig. 9A and 10C) or in the
“gravitational” field of stresses (fig. 9B and 10B).

Apart from that, the presence of the longitudinal tension joints, mainly
cathetal, should be expected; these are probably represented by the
uneven surfaces (Ksigzkiewicz, 1968).

Fig. 10. Basic stress systems. A — ”sirike-slip”; B — ”normal” (gravitational); C —
‘ ' “thrust”
Fig. 10. Podstawowe uklady maprezen. A — ,przesuwczy”’; B — ,normalny” (gra-
witacyjny); C — ,,nasuwawczy”

The deflection of the constructed o;-axis from the horizontal (fig. 9A)
and the vertical (fig. 9B) is probably due to the refraction tendency of
the stress axis up the dip of beds which is suggested by Donath’s ex-
periments (1961).

The diagrams (fig. 6D, E, F) seem to corroborate the assumption that
the origin of the longitudinal joints of fold limbs (fig. 6F) is connected
with the ”thrust” field of stresses while that of joints of fold hinges is
gravitational (fig. 6D, E). Thus, there are probably two complementary
systems of the longitudinal joints of different origin. The position of the
o,-axis in fig. 6F is intermediate between the dip and the horizontal in
the o0,0;-plane. It seems therefore that, when we assume a more or less
horizontal original position of the o;-axis, the rotation of the strata about
the B-axis took place after the longitudinal joints of the fold limbs had
been formed.

Possible shear longitudinal joints in the Flysch Carpathians were dis-
cussed by Ksigzkiewicz (1968, pp. 355, 376). The shearing surfaces
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of longitudinal joints, occurring according to this author mostly within the
anticline hinges, would be formed if the o,-axis was parallel to the anti-
cline axis (de Sitter 1964, p. 104, fig. 56). However, accepting this con-
ception for the Carpathian flysch would require distinguishing two ap-
proximately cathetal complementary sets of longitudinal joints 2.

The terminating of the longitudinal joint fissures against the trans-
verse joint fissures (pl. 2, fig. 2), which was observed in some outcrops,
suggests a younger age of at least some longitudinal joints (Ksigz kie-
wicz 1968).

TECTONIC MOVEMENT

Tectonic movements are indicated by:
— minor faults, with separations seen in .the outcrops,
— tectoglyphs 3,
— feather fractures (sensu Jaroszewski, 1972) — pl. 3, fig. 1,
— destroyed tectonic ribs (pl. 3, fig. 2).

0,5-2-25-5-6,5-8 /o
Fig. 11. Attitude of minor faults. A — Kro§cienko element; B — other subunits

Fig. 11. Diagramy polozenia mezo-uskokéw. A — element Kro$cienka; B — pozo-
state podjednostki

Thus defined minor fault surfaces were plotted in a diagram (fig. 11).
It is to be seen that north of Kroscienko the transverse fault directions
are mostly to SSW, S and SSE, while according to Zytko (1963) the
directions are mostly SW and WSW.

2 The analogous longitudinal joint system was described by Norris (1971) from
the Eastern Cordillera, Canada.

3 The interpretation of the slickenside structures is based upon the experimental
work by Jaroszewski (1972, pp. 144—7).
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The pattern of fault distribution thus obtained does not differ from
that of joint surfaces (fig. 12). No different attitudes have been found.
This implies that faults were formed in inhomogeneous medium where
joints already existed.

This succession of events makes it more difficult to establish the origin
of faults. The graphical solutions put forth by Wallace (1951) and
Williams (1958) were rejected a priori in view of the essential in-
fluence of the inhomogeneity of the medium on the distribution of faults
(Bott, 1959). It has been, therefore, attempted to obtain a solution by

CI0S,/JOINTS 1 x 2
(2 uskokl /Faults (3

Fig. 12. Joints and minor folds in monoclinal outcrop. 1 — joint; 2 — fault; 3 —
surface of bedding; Rzeka
Fig. 12. Diagram ciosu i mezo-uskokéw w odstonieciu monoklinalnym. 1 — cios;

2 — uskok; 3 — powierzchnia utawicenia. Rzeka

Fig. 13. Diagram of movement planes for Klodne syncline, Tylmanowa anticiine,
Rzeka syncline and Sobel-Zabrzez element. 1 — planes of symmetry; 2 — main
deformation axes

Fig. 13. Diagram plaszczyzn ruchu dla synkliny Klodnego, antykliny Tylmanowej,
synkliny Rzeki i elementu Sobla-Zabrzezy. 1 — plaszczyzny symetrii; 2 — osie
giéwnych deformacji

the “"movement planes” method founded by Lowe 1946) and fully de-
velopped by Arthaud (1970). This method was successfuly used by
Mercier et al. (1973) to correlate tectonic and seismic data. The move-
ment plane diagram (fig. 13), in which it was possible to obtain in two
variants the planes of symmetry perpendicular to each other and the
directions of the main deformation axes, appeared after further inter-
pretation to be not univocal. For the particular faults the main deforma-
tion axes of different hierarchy have been determined. This suggests that
the folds were formed successively in a changing field of stresses. It may
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also mean that the utility of the "movement planes” method is limited
in the folded regions (cf. Ball, 1973, pp. 42—43).

In this situation the only possibility of a correct interpretation was
offered by the meso-faults of monoclinal inclined strata visible in outcrops
where the degree of the strata rotation was uniform; some of these out-
crops are shown as examples in fig. 14. The construction of directions of
the main stress axes was made according to a simple method described by
Ragan (1973, pp. 153—4). These are only approximations because the
angle of internal friction was always assumed as 30° due to the lack of
data.

In the explanation of fig. 14 and in the text below the descriptive clas-
sification of the faults was not used. This classification is useless for ge-
netic purposes because in one and the same field of stresses the normal
faults, strike-slip faults and thrust faults may be formed (Wallace,
1951, fig. 7). The genetic classification empolyed here defines the kind of
the stress field in which a particular fault has been formed (fig. 10) basing
on orientation of the slickensides and the slickenside structures. These
terms are written in inverted commas to be distinguishable from the com-
monly used descriptive ones.

It has been assumed, in a similar way as in the case of joints, in order
to determine the type of faults, that the main stress axes had approximate-
ly horizontal and wvertical directinrns. The pattern obtained in diagrams
is therefore, in some cases, namely if the axes constructed are inclined,
due”to post fault rotations. These rotations occurred always about the
B-axes of folds and concurrently with the direction of rotation of the
layers.

prey
L o

Fig. 14. Faults in monoclinal outcrops. 1 — surface of bedding; 2—4 — main stress
axes, 2 — o0q-axis, 3 — og,-axis, 4 — og-axis, A — “normal” fault, og-axis parallel to
B-axes of folds. Rzeka. B — ”normal” fault, o;-axis perpendicular to B-axes of folds.
Rzeka. C — 10 — ”normal” fault, og-axis parallel to B-axes of folds; 9 — ”normal”
fault, gz-axis parallel to B-axes of folds, strongly rotated concurrently with strata
rotation. Kiodne. D — 1—5 — ”normal” faults, oz-axis perpendicular to B-axes of
folds, non rotated or slightly rotated; 6 — ”thrust” fault slightly rotated concurrently
with strata rotation. Tylmanowa. E — 8, 11, 13, 16 — “normal” faults, os-axis parallel
to B-axes of folds; 1, 9, 15 — ”normal” faults, o;-axis parallel to B-axes of folds,
rotated concurrently with strata rotation; 3, 4, 5, 6, 10, 17 — “normal” faults, gg-axis
perpendicular to B-axes of folds; 2 — ”thrust” fault; 7, 12, 14 — ,;strike-slip” faults
rotated concurrently with strata rotation. Rzeka

Fig. 14. Diagramy interpretacji genetycznej uskok6éw w odstonieciach monoklinalnych.
1 — plaszezyzna ulawicenia; 2—4 — osie gldwnych naprezen, 2 — o§ 04, 3 — 0§ 05,
4 — 08§ 03, A — uskok ,normalny”, o§ o; rownolegla do osi B faldow. Rzeka. B —
uskok ,,normalny” o§ o; prostopadia do osi B fatdow. Rzeka. C — 10 — uskok ,nor-
malny”, 0§ g3 rownolegla do si B faldéw; 9 — uskok ,normalny”, 0§ o3 rownolegla
do osi B faldow, silnie zrotowany zgodnie z kierunkiem rotacji warstw. Klodne.
D — 1—5 — uskoki ,normalne”, 0§ o; prostopadla do osi B fatdéw, bez rotacji lub
lekko zrotowane; 6 — uskok ,nasuwawczy” lekko zrotowany zgodnie z kierunkiem
rotacji warstw. Tylmanowa. E — 8, 11, 13, 16 — uskoki ,normalne”, o§ g3 réwno-
legta do osi B fatdéw; 1, 9, 15 — uskoki ,,normalne”, o§ o; rownolegla do osi B fal-
doéw, zrotowane zgodnie z kierunkiem rotacji warstw; 3, 4, 5, 6, 10, 17 — uskoki
,hormalne”, o§ o, prostopadta do osi B faldéw; 2 — uskok ,nasuwawczy”; 7, 12,
14 — uskoki ,przesuwcze” zrotowane zgodnie z kierunkiem rotacji warstw. Rzeka
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Table 2 — Tabela 2

Kind of fault Rotated faults Non rotated faults
»otrike-slip” faults 15 3
»Ihrust” faults 3 7
»Normal” faults, oy-axis
parallel to B axes of folds 5 . 11
,Normal” faults, oc,-axis
perpendicular to B axes of
folds 6 10

The sixty-five minor faults, for which it was possible to obtain com-

plete data, contain:

18 “strike-slip” faults,

10 “thrust” faults,

16 "normal” faults with the oj-axis parallel to the B-axes of folds,

16 “normal” faults with the o3-axes perpendicular to the B-axes of folds.
5 faults the meaning of which is not clear.

The quantitative relations between rotated and non rotated faults in
the particular groups are shown in table 2.

The highest percentage of rotated faults occurs among the "strike-slip”
faults which would suggest their oldest age. Nevertheless, there exist also
non rotated ”strike-slip” faults which were formed during the final stage
of folding or after the folding.

CALCITE MINERALIZATION

The thorough quantitative and qualitative observations of the calcite
mineralization enabled the writer to note the following regularities:

1. The longitudinal joints are less mineralized than the transverse ones.
This agrees with the observations of Ksigzkiewicz (1968). Ac-
cording to this author it suggests, isa., the older age of the transverse
joints.

2. The longitudinal joints of fold hinges are usually not mineralized
(posterior to all other?).

3. The mineralized longitudinal joints of fold hinges are in places parted
(pl. 4, fig. 1) or even torn apart by the younger, non mineralized fis-
sures of the same system (pl. 4, fig. 2). Similar fissures with the min-
eralization torn apart were mentioned by Boretti-Onyszkie-
wicz (1968).

4. On the surfaces of transverse and longitudinal joints there occur at
least two generations of calcite (cf. Ksigzkiewicz 1968, p. 361).

5. Faults often used surfaces which had been already mineralized.

6. The surfaces of transverse joints are encrusted in places with calcite
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druses while those of longitudinal joints are not. It is therefore pos-
sible that the mineralization on some transverse joint surfaces de-
veloped in the conditions of tension.

ORIENTATION OF STRUCTURAL FORMS

The structures described in this paper may be divided into three

groups:

1.

The o;-axis horizontal and nearly N-S, o0,-axis vertical and oj-axis
horizontal and almost E-W. The transverse joints and the "strike-slip”
faults belong to this group.

The o;-axis horizontal, almost N-S, o,-axis horizontal, more or less
E-W, os-axis vertical. The folds, ’thrust” faults and a part of the lon-
gitudinal joints belong here.

The o,-axis vertical, d,- and oj-axes horizontal, alternately N-S and
E-W. The ”"normal” faults and a part of the longitudinal joints belong
here.

The attitudes of the main stress axes are similar in all three groups

but the values of particular stresses differ.

SUCCESION OF EVENTS

It seems that the described structures were formed within a single,

probably long, cycle when changing stresses controlled the deformation
of the rocks.

The observations presented would suggest that the succession of events

was as follows:
1. The "strike-slip” field of stresses — transverse joints are formed?*

and the calcite mineralization begins, somewhat later ’strike-slip”
faults are formed (fig. 15).

The field of stresses alters into the ’thrust” one — folds begin to arise,
rotation occurs, first about the B-axes of folds, later (when undulations
are formed) also about the vertical axis and about the horizontal, ap-
proximately N-S one. During advanced folding a "normal” field of
stresses is formed locally within the hinge parts of folds and also the
”strike-slip” one within the limbs of fold elevations (Crosby and
Link, 1972). The following structures are successively formed and ro-
tated: shearing longitudinal joints (in fold limbs), shearing and tension
longitudinal joints (in fold hinges), ”normal”’, ’strike-slip” and "thrust”
faults, and, during the last phase of folding, longitudinal tension joints
in fold hinges. Probably somewhat earlier the calcite mineralization
ceased.

1 The Price’s hipothesis (Pric e, 1959) was not considered.
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Fi_g. 15.' Deyelopment of mesoscopic structures. 1 — transverse joints; 2 — calcite
mineralizaticn; 3 — ”strike-slip” taults; 4 — shear longitudinal joints in fold limbs;
5 — shear longitudinal joints in fold hinges; 6 — longitudinal tension joints; 7 —
“thrust” faults, 8 — ”normal” faults; P — ’’strike-s.ip” field of stresses; O —
“thrust” field of stresses; N — ”normal” field of stresses; B — beginning of rotation

about B-axes of folds; a+b — beginning of rotation about vertical axis and about
horizontal, approximately N—S one; K — end of rotation

Fig. 15. Schemat czasowy rozwoju mezostruktur., 1 — cios poprzeczny; 2 — minerali-
zacja kalcytowa; 3 — uskoki ,,przesuwcze”; 4 — podiuzny cios Scieciowy w skrzy-
dlach fatdéw; 5 — podluiny cios Scieciowy w przegubach fatdow; 6 — podiuzny
cios tensyjny; 7 — uskoki ,,nasuwawcze”; 8 — uskoki ,,normalne”; P — ,,przesuw-
cze” pole naprezen; O — ,;nasuwawcze” pole naprezen; N — ,normalne” pole na-
prezen; B — poczatek rotacji wokét osi B faldéw; a-+b poczatek rotacji wokét osi
pionowej oraz osi poziomej w przyblizeniu poludnikowej; K — koniec rotacji

3. After the folding the “normal” field of stresses starts acting — the
“"normal” faults, which are non rotated, are formed. A more precise
analysis of this phase would require investigations of the Neogene
post-deformational sediments.

DISCUSSION

The ideas presented above are in some aspects conformable with those
accepted in the Carpathian geology. According to Boretti-Ony-
szkiewicz (1968) the jointing in the Carpathian flysch is older then
the folds. Morawski (1972, pp. 582-3) noticed in Podhale that by
rotation of beds into horizontal one obtains arranged joint diagrams,
which would suggest that their age is older than that of the folding.
Ksigzkiewicz (1968) concluded that the transverse jointing resulted
from the same field of stresses as the folding. This author supposed that
the tilt of the transverse joints was younger than the jointing itself. In
some cases the tilt can not be explained by the developmeént of the macro-

&
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structures. The explanation would be that the tilt was caused by the
uplift of the Carpathians which occurred after the folding. This explana-
tion seems satisfactory, but on the other hand, some constructions of
rotation made by Ksigzkiewicz (op. cit:) may also indicate that the
tilt was due to rotation related to folding, i.e. in the cases when this
author performed rotation of joints to the initial” position, more or less
about the o;-axis of the complementary transverse system.

According to Ksigzkiewicz (1968) in some places the transverse
jointing was formed when the beds had been already tilted. The same
conclusion is implied by the facts presented in this paper. In some cases
the rotation of the constructed stress axes of the complementary trans-
verse system seems to be less pronounced than that of the strata (fig. 6
C, D, E), thus, when the jointing was formed the incipient folds could
have existed.

SOME ASPECTS OF TECTONICS OF THE REGION

The essential structural element of the region herein described is, ac-
cording to Bogacz and Weclawik (1962, 1963, 1965), the pro-
minent, transversal fault trending in the Dunajec Valley along the line
Lakcica-Rzeka. It is supposed to be responsible for the occurrence of
a strip of the thin bedded flysch exposed at the left slope of the Dunajec
Valley, running across the strike of the structures. This fault is supposed
to have a considerable slip of a dimension at least as large as that of the
described fold structures. It should be expected that so large a dislocation
would be expressed by the meso-structural pattern, especially by higher
frequency of transverse joints and their rotation. The higher density of
joints in the vicinity of faults was often described (Koziol, 1953; Bo-
retti-Onyszkiewicz 1968; Pepol 1970; Zapasnik, 1973;
Mastella, 1974). This fenomenon, considered by Jerzykiewicz
(1968) to be one of the proofs of fault occurrence, was mathematically
described by Pogrebiskij et al. (1971). There are, however, some
cases when the described relation does not occur (Sax, 1946, fide de
Sitter, 1964, pp. 99—100) but this seems to be only an exception. On
the other hand the change of attitudes of joints and/or older faults by
younger faults was described quite frequently (Parker, 1942; Nickel-
sen and Van Ness Hough, 1967, Wood etal, 1969; Morton and
Sassano, 1972; Zapasnik, 1973) as well as the occurrence of dif-
ferent sets of joints (feather joints) near faults Morawski, 1972).

In the vicinity of the supposed fault the higher density of joints,
a change of their attitudes or the occurrence of the feather joints were
not observed. Thus, the studies of the mesostructures do not corroborate
the supposition of the fault presence.

4 — Rocznik PTG, t. XLV z.3
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The mesostructure observations do not confirm also the old concept of
Malkowski (1923), who supposed that the belt of the thin bedded
flysch outcrops mentioned above marked the hinge of a transverse
upward. Similar conclusion may be drawn from the map by Watycha
(1963, fig., p. 375). Nevertheless, the constructed B-axes of the fold struc-
tures (fig. 1), except for the KrosScienko element, plunge westward, i.e.
toward the "transverse upward”.

So, it seems, that the attitude of thin bedded flysch outcropping at
the west slope of the Dunajec Valley cannot be explained by use of the
mesostructural methods alone. This problem should be solved by compre-
hensive studies with a stress put upon the sedimentological methods. It
is possible that this peculiar structural feature is due to facies changes
occurring along the strike.

CONCLUSIONS

1. Within the Magura Unit north of Kroscienko the transverse faults
trend mostly towards SSW, S and SSE.

2. The mesostructural observations do not confirm a transverse fault in
the west slope of the Dunajec Valley between Lakcica and Rzeka.

3. The attitudes of the fold axes do not agree with the occurrence of
a transversal structural elevation in the west slope of the Dunajec
Valley, between Lgkcica and Rzeka.

4. The structure of the report area was formed during one cycle of defor-
mation when the attitudes of the main stress axes did not alter essen-
tially.

5. The transverse jointing and most of the "strike-slip” faults were form-
ed before the folding.

6. The longitudinal jointing and the ”thrust” faults as well as a pant of
the “"normal” and "’strike-slip” faults are coeval with the folding.

Laboratory of Geology of Young Structures,
Polish Academy of Sciences
31-002 Krakoéw, Senacka 3
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STRESZCZENIE

Tre§é Na podstawie iloSciowej i jakoSciowej analizy mezostruktur przedsta-
wiono historie tektoniczng fragmentu jednostki magurskiej. Stwierdzono przedfal-
dowy wiek ciosu poprzecznego. Cios podiuzny powstawal w trakcie fatdowania.
Uskoki tworzyly sie przed, w trakcie oraz po fatdowaniu,

Praca omawia wyniki jako$ciowej i iloSciowej analizy mezostruktural-
nej. Do interpretacji wykorzystano orientacje warstw, b-lineacje, cios,
drobne uskoki, tektoglify, spekania pierzaste, zebra tektomczne struktury
pierzaste oraz przejawy mineralizacji kalcytowej.

Dla us$rednienia danych na diagramach orientacji warstw opracowano
program matematyczny metoda oparta na minimum kwadratu bledu. Obli-

czenia wykonano na maszynie Odra 1204 w jezyku Algol 1204.
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STYL TEKTONICZNY

W obrebie analizowanego rejonu (fig. 1, 2) wyodrebniono od potudnia:
antyklinaly element Kroscienka, synkline Klodnego, antykline Tylmano-
wej, synkline Rzeki oraz antyklinalny element Sobla-Zabrzezy. Odslaniajg
sie tutaj wylacznie utwory paleogenu zlozone z warstw magurskich pod-
Scielonych cienkolawicowym fliszem znanym w elemencie Kroécienka pod
nazwg warstw szczawnickich. Profil warstw magurskich zmienia sie w kie-
runku potudniowym (Zy tko, 1963). Na poludniu, w synklinie Klodnego,
formujg go grubolawicowe piaskowce magurskie z podrzednymi wkladka-
mi cienkolawicowego fliszu. Ku polnocy udzial piaskowcéw grubotawico-
wych systematycznie sie zmniejsza az do elementu Sobla-Zabrzezy, gdzie
stanowig one okolo 50 % migzszosci profilu przy odpowiednio wiekszym
udziale cienkolawicowego fliszu.

Cecha charakterystyczng analizowanego rejonu jest dysharmonijne
sfaldowanie warstw magurskich w stosunku do podscielajgcego je cienko-
lawicowego fliszu (fig. 2). Warstwy magurskie ujete sa w spokojne diugo-
promienne faldy, ktérych promienie zmniejszaja sie ku poéilnocy w miare
zwiekszania sie podatno$ci serii. Podscielajacy je cienkolawicowy flisz
ujety jest w system faldéw waskopromiennych. Najsilniej zaangazowany
tektonicznie jest element Kroscienka. Czeste jest tutaj faldowanie dyshar-
monijne (Pl. 1, fig. 1) i budinaz. Miejscami wystepujg nawet faldy ciag-
nione (P1. 1, fig. 2). W obrebie elementu Kroscienka stopien zaangazowa-
nia tektonicznego warstw szczawnickich jest zalezny od ich litologii (B o-
gacz i Weclawik, 1962). Przy wzroscie udzialu grubszych wkladek
piaskowcowych styl tektoniczny zmienia sie od odcinkéw intensywnie
sfaldowanych (Pl. 1, fig. 1) do zupelnie spokojnych (Pl. 2, fig. 1).

OSIE STRUKTUR FAL.DOWYCH

Rozmieszczenie osi # struktur faldowych (fig. 1, tabl. 1), wyznaczonych
na podstawie orientacji warstw (fig. 3) oraz b-lineacji (fig. 4) swiadczy
o systematycznej zmianie rozcigglosci kolejnych bardziej poéinocnych fal-
déw na orientacje blizszag NW-SE.

CIOS

W piaskowcach analizowanego rejonu wyrézniono dwa systemy cio-
su: system poprzeczny silniej rozwiniety, zlozony z dwéch zespolow zo-
rientowanych katetalnie i w przewadze subwertykalnie oraz system po-
dluzny zlozony z zespolu subkatetalnego i zespolu pokladowego.

Powierzchnie ciosowe we fliszu ciekolawicowym przecinajg przewaz-
nie tylko pojedyncze lawiczki piaskowcéw, wyjgtkowo po kilka lawiczek.
W piaskowcach grubolawicowych niektore szczeliny ciosu tng jedynie
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cze$é lawicy. Przy obecnosci ustawionych ukosnie do ulawicenia we-
wnatrzlawicowych powierzchni oddzielnosci cios ustawia sie prostopadle
do tych powierzchni (fig. 7). Rozproszcnie kierunkéw ciosu wzrasta ze
wzrostem migzszosci lawic. Zjawisko to obserwuje sie zaré6wno w skali po-
szczegoOlnych lawic (fig. 8), jak i w skali calych podjednostek tektonicz-
nych (fig. 5) — gdzie rozproszenie ciosu ro$nie w kierunku: element Kro-
Scienka — antyklina Tylmanowej — element Sobla-Zabrzezy — synkli-
na Rzeki — synklina Klodnego, zgodnie ze wzrostem udzialu piaskow-
cOw grubolawicowych w profilu.

Poprzeczne zespoly ciosu o genezie S$cigciowo-ekstensyjnej, tworza
system sprzezony, dla ktérego przeprowadzono konstrukcje kierunkow
osi naprezen gléwnych (fig. 5, 6). Interpretacja diagraméw zbiorczych
(fig. 5) jest utrudniona ze wzgledu na rézny stopien zrotowania warstw.
Maksima zespolow poprzecznych, przecinajacych sie pod niewielkimi kata-
mi, sg na niektérych diagramach polgczone (fig. 5C, E, G). Z tego powodu
ograniczylem sie tutaj wylacznie do wyznaczenia kierunku osi 63 oraz
plaszczyzny 0,0s.

Wyznaczone kierunki osi 6; pokrywajg sie z duzym stopniem doklad-
nosci z osiami B (n) struktur faldowych (tabl. 1). Zaleznoé§¢ ta oraz pro-
stopadle ustawienie plaszczyzn 0,0, do osi B faldéw zdaje sie sSwiadczyé,
ze podluzne i poprzeczne undulacje (rotacje) faldow zachodzﬁy juz po
utworzeniu sie poprzecznego systemu ciosu.

Wyznaczenie kierunkéw wszystkich osi naprezen gidéwnych bylo mozli-
we dla odstonie¢ monoklinalnych (fig. 6). O o, przyjmuje tu polozenie
zgodne z upadem, 0§ 63 polozenie zgodne z osig B faldow, a o$ o, jest pro-
stopadla do plaszezyzny ¢,03. Przyjawszy zalozenie, Ze 0§ o; przebiegala
mniej wiecej poziomo, a o§ d, mniej wiecej pionowo, otrzymujemy dla
kazdego z opracowanych odslonieé rotacje obu tych osi w plaszczyznie 0,6,
zgodna w kierunku i wymiarze z rotacja warstw dokola osi B. Zdaje sie
to Swiadczyé o przedfaldowym wieku ciosu poprzecznego.

Zespoly ciosu podluZnego zdajg sie mieé geneze zaréwno Scieciows, jak
i tensyjna. Przyjeto hipoteze o wystgpowaniu dwéch sprzezonych syste-
mow Scinajacych, z ktérych jeden powstal»w wyniku ,nasuwawczego”
pola naprezen (fig. 9A, 10C), a drugi w wyniku pola ,,grawitacyjnego”
(fig. 9B, 10B). Ponadto zdaje sie tu wystepowaé réwniez katetalny zespo6l
tensyjny. Analizowane diagramy (fig. 6D, E, F) sugeruja slusznos$¢ przy-
jetej hipotezy. Wyznaczone kierunki osi 6, systemoéw podluznych pokry-
waja sie z duzym stopniem dokladnosci z kierunkami osi 63 systemu po-
przecznego. Obserwowane w kilku odstonigciach wygasanie szczelin ciosu
podluznego na szczelinach ciosu poprzecznego (Pl. 2, fig. 2) zdaje sie
Swiadczyé o mlodszym wieku przynajmniej niektorych powierzchni ciosu
podiuznego (Ksigzkiewicz 1968).
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SLADY RUCHU

Rozmieszczenie stwierdzonych mezouskokéw (fig. 12; Pl. 3, fig. 1; P1. 3,
fig. 2) nie rézni sie od rozmieszczenia powierzchni ciosu. Swiadczy to
o tym, ze uskoki powstawaly w $rodowisku niejednorodnym, spenetrowa-
nym juz przez zespoly ciosu.

Préba interpretacji genetycznej uskokéw metods ,,plaszczyzn ruchu”
(Arthaud, 1970) dala wynik negatywny. Okazalo sie, ze co prawda
mozna na diagramie plaszezyzn ruchu (fig. 13) wyznaczy¢ kierunki osi
glownych deformacji, to jednak przy rozpatrywaniu poszczegoélnych usko-
kéw otrzymano rézng hierarchie tych osi. Swiadczy to o tym, Ze uskoki
powstawaly w nastepstwie czasowym w zmieniajacym sie polu naprezen.
Moze to rowniez §wiadczy¢ o ograniczonej przydatnosci metody plaszczyzn
ruchu w rejonach fatdowych.

W tej sytuacji ograniczono sie do interpretacji uskokéw znajdujacych
sie w monoklinalnych odslonieciach, z ktorych kilka ilustruje fig. 14. Kon-
strukcji kierunkow osi naprezen gléwnych dokonano przy pomocy metody
opisanej przez Ragana (1973). Przy interpretacji diagramow uzyto kla-
syfikacji genetycznej okreSlajacej, w jakim polu naprezen powstal dany
uskok. Ogélem na 65 uskokéw, dla ktérych dysponowano kompletem da-
nych uzyskano nastepujgcy obraz: 18 uskokéw ,,przesuwczych’”, 10 usko-
kéw ,,nasuwawczych”, 16 uskokéw ,normalnych” o osi o; réwnoleglej do
osi B faldow, 16 uskokdéw ,normalnych’ o osi o3 prostopadlej do osi B
fatdow, 5 uskokdéw niemozliwych do interpretacji. Stosunki iloSciowe po-
miedzy uskokami zrotowanymi i nie zrotowanymi w poszczegélnych gru-
pach ilustruje tabl. 2.

PRZEJAWY MINERALIZACJI KALCYTOWEJ

Obserwacje mineralizacji kalcytowej ujawnily nastepujgce prawidlo-
wosci:

1. Cios podluzny jest stabiej zmineralizowany od ciosu poprzecznego, co
moze §wiadczy¢ o jego mlodszym wieku.

2. Cios podluzny w przegubach faldéw jest przewaznie pozbawiony mi-
neralizacji.

3. Zmineralizowany cios podiuzny w przegubach faldéw jest czesto po-
rozchylany (Pl. 4, fig. 1) lub nawet porozrywany przez mlodsze nie
zmineralizowane szczeliny (Pl. 4, fig. 2).

4. Na powierzchniach ciosu poprzecznego i podluznego wystepuja przy-
najmniej dwie generacje kalcytu.

5. Uskoki w duzym stopniu wykorzystuja powierzchnie juz zmineralizo-
wane.

6. Na powierzchniach ciosu poprzecznego wystepuja miejscami szczotki
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kalcytowe, ktorych brak jest na powierzchniach ciosu podtuznego. Mo-
ze to Swiadezy¢é o zachowaniu mineralizacji na powierzchniach ciosu
poprzecznego w warunkach tensji.

NASTEPSTWO ZJAWISK

Opisane struktury mozna podzielié na trzy grupy:

Dla grupy pierwszej o$§ oy jest pozioma w przyblizeniu poludnikowa, o$
o, pionowa, 0§ 03 pozioma w przyblizeniu réwnoleznikowa. Tutaj nalezy
cios poprzeczny i uskoki ,,przesuwcze”.

Dla grupy drugiej o o; jest pozioma w przyblizeniu potudnikowa, 0§
g, pozioma w przybliZzeniu réwnoleznikowa, o§ o3 pionowa. Tutaj naleza
faldy, uskoki ,,nasuwawcze” i czeSciowo cios podiuzny.

Dla grupy trzeciej o§ oy jest pionowa, osie o, i 63 s3 poziome, wymien-
nie poludnikowa i réwnoleznikowa. Tutaj naleza uskoki ,normalne” i cze-
§ciowo cios podiuzny.

Orientacja gléwnych osi naprezen jest dla kazdej z tych grup zbliZo-
na, zmieniajg sie natomiast warto§ci poszczegélnych gléwnych naprezen.
Przemawia to za tym, ze oméwione struktury powstaly w jednym cyklu,
zapewne dlugotrwalym, podczas ktérego zmieniajgce sie naprezenia regu-
lowaly odksztalcenia gérotworu.

Przedstawione obserwacje sugerujg mozliwoéé przyjecia nastepujacej
kolejnosci zjawisk:

1. ,,Przesuwcze” pole naprezen — powstaje cios poprzeczny i zaczyna
zachodzi¢ mineralizacja kalcytowa. Nieco pézniej powstajg uskoki
,,przesuwcze” (fig. 15). :

2. Pole naprezen zmienia sie na ,nasuwawcze” — zaczynajg sie tworzy¢
faldy oraz zaczynaja zachodzi¢ zwigzane z nimi rotacje, poczatkowo
wokoé! osi B faldow, nastepnie zapewne réwniez wokél osi pionowej
oraz osi poziomej w przyblizeniu potudnikowej. Przy zaawansowanym
faldowaniu wytwarza sie lokalnie normalne pole naprezen — w prze-
gubach faldéw, oraz przesuwcze pole naprezen — na sklonach elewa-
cji faldow (Crosby i Link, 1972). Powstaja kolejno i sg nastepnie
rotowane: Scieciowy cios podiuzny (w skrzydlach faldow), Scieciowy
i tensyjny cios podluzny (w przegubach faldéw), uskoki ,,normalne”,
,nasuwawcze” i ,przesuwcze” oraz, w koncowym etapie faldowania,
podiluzny cios rozrywajacy w przegubach faldéw. Nieco wczesniej
ustaje mineralizacja kalcytowa.

3. Po faldowaniu zaczyna dziala¢ ,normalne” pole naprezen. Powstajg
uskoki ,,normalne”, ktére nie podlegaja juz rotacji. Dokladniejsze spre-
cyzowanie tego etapu wymaga zbadania struktur w pofaldowych osa-
dach neogenu.

Calo$¢ przedstawionego rozumowania ze wzgledu na niewielkg ilos¢
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obserwacji, na ktérych oparte sg wnioski dotyczace genezy ciosu podiuz-
nego, az do sprawdzenia tych ostatnich, nalezy traktowaé na poziomie hi-
potezy roboczej.

NIEKTORE ASPEKTY TEKTONIKI REJONU

W analizowanym rejonie dominuja uskoki poprzeczne o kierunkach
SSW, S i SSE (fig. 11) natomiast wediug Zytki (1963) majg tu wystepowaé
uskoki poprzeczne glownie o kierunkach SW i WSW.

Jednym z podstawowych elementéw strukturalnych analizowanego re-
jonu jest pas wychodni cienkolawicowego fliszu odstaniajacy sie poprzecz-
nie do faldéw na lewym zboczu doliny Dunajca pomiedzy Lakcicg a Rze-
ka; jego obecnosé¢ jest tlumaczona przez Bogacza i Weclawika
(1962, 1963, 1965) przebiegiem wielkiego uskoku poprzecznego. Zdaniem
Malkowskiego (1923) ma to by¢ osiowa partia poprzecznego wypig-
trzenia. Obserwacje mezostrukturalne nie potwierdzaja zadnej z tych kon-
cepcji poniewaz:

a) Przy ,,uskoku” nie obserwuje sie ani zageszczenia ciosu, ani rotacji
ciosu poprzecznego, ani wreszcie wystepowania ciosu pierzastego.

b) Osie struktur (fig. 1), z wyjatkiem elementu Kro$cienka, zanurzaja sig
ku zachodowi, a wiec ku ,,poprzecznej elewacji’.

Zespét Pracowni ZNG PAN
Krakow, ul. Senacka 3.

EXPLANATION OF PLATES
OBJASNIENIA TABLIC

Plate I — Tablica I

Fig. 1. Disharmonic folding. Sandstone layers (1) folded concentrically, intercalating
shales (2) folded similar. Egkcica

Fig. 1. Faldowanie dysharmonijne., ELawice piaskowca (1) sfaldowane koncentrycznie,
a rozdzielajgce je tupki (2) similarnie. E.gkcica

Fig. 2. Drag fold. Pencil on the fault surface. Lgkcica

Fig. 2. Fald ciagniony. Ol6wek na powierzchni uskoku, Lagkeica

Plate II — Tablica II

Fig. 1. Gently folded thin bedded flysch. Height of exposure 5—6 m. E.akcica

Fig. 1. Lagodnie sfaldowany cienkolawicowy flisz, Wysoko§¢ odstoniecia 5—6 m.
F.akcica

Fig. 2. Surfaces of longitudinal joints (1) terminating against surfaces of transverse
joints (2). L.akcica

Fig. 2. Powierzchnie ciosu poluznego (1) wygasaja na powierzchniach ciosu poprze-
cznego (2). Lakcica
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Plate III — Tablica III

. Feather joints (1, 2) near faults (a, b, ¢). Arrows indicate sence of movement.

Height of exposure 3 m. Zabrzez

. Cios pierzasty (1, 2) przy uskokach (a, b, c). Strzatki wskazuja kierunek ru-

chu. Wysoko§é odstoniecia 3 m. Zabrzez

. Damaged tectonic ribs. Arrows indicate sence of movement. Height of ex-

posure 4 m. Zabrzez

. Zniszczone zebra tektoniczne. Strzalki wskazuja kierunek ruchu. Wysoko§é

odsioniecia 4 m. Zabrzez

Plate IV — Tablica IV

Filled with calcite parted longitudinal joints in anticline hinge. Lagkcica

. Wypelnione kalcytem, porozchylane szczeliny ciosu podiuznego w przegu-

bowej partii antykliny. Eakcica

. Filled with calcite (white) longitudinal joints in anticline hinge. Some are

torn apart and breccia of shales (black) is pressed in. EZgkcica

. Wypelnione kalcytem (bialy) szczeliny ciosu podiluinego w przegubowej par-

tii antykliny. Niektére z mnich rozerwane, W rozerwania wciSnieta brekcja
z lupk6éw (czarna). Lakcica
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