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NEW DATA ON STRUCTURE OF THE FLYSCH CARPATHIANS

The VIth Congress of the Carpatho-Balkan Geolo-
gical Association (CBGA), organized in this country in
1963, mainly presented developments in the field of strati-
graphy of the Flysch strata, a wide range of problems
connected with sedimentation of these strata and recon-
structions of paleogeographic and bathymetric conditions
in the Flysch basin in Poland. Most important of these
developments have been presented in two highly infor-
mative publications prepared for the Congress: an excellent
monograph “‘Stratigraphie des Karpates externes polo-
naises”’, which is a collective work of five authors (F. Bieda
et al., 1963), and “Geological Atlas of Poland, Strati-
graphic-facies Questions, Part 13, Cretaceous and Lower
Tertiary in the Polish Outer Carpathians’, prepared by
a team of fourteen authors and edited by Marian Ksigz-
kiewicz.

The above works have been preceded by extensive
mapping programmes. The results of works carried out
after W.W.1I made it possible to compile “Geological map
of the Polish Carpathians™, 1:200,000, Geological Institute,
1958, the eastern part of which was prepared by H. Swi-
dzinski (34), and the western by S. Sokotowski (32). An
increase in intensity of the mapping works has been accom-
panied by wider introduction of micropaleontological
works, carried out in four laboratories in Cracow. This
markedly contributed to the accuracy of delineation of
stratigraphic boundaries of the individual Flysch members.

On the basis of the above map, the first attempt was
made to carry out a detailed tectonic regionalization of
the Flysch zone, presented in the form of insets on the
margins of both sheets. The “Karpaty” volume of the
Regional Geology of Poland (1953) may be regarded as
an explanation to the regionalization. In that volume

M. Ksigzkiewicz characterized tectonics of the western °

part of the Flysch Carpathians, and H. Swidzifski — of
the eastern part (between the Dunajec_and San Rivers).
In 1963, S. Wdowiarz presented an outline of stratigraphy
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and tectonic of the Flysch zone in the northern and eastern
Carpathians, differentiating five tectonic elements in
the area of Poland. The names of these units became ac-
cepted and used by M. Ksiazkiewicz (21).. with minor
modifications. At the international forum of CBGA,
the questions of tectonics of the Polish part of the Car-
pathians were presented as a part of explanations to the
Tectonic Map of the Carpathians and Balkans, prepared
by L. Koszarski, W. Sikora, and S. Wdowiarz (14). The
ultimately accepted names of tectonic elements are as
follows: 1) Magura nappe, 2) Fore-Magura unit, 3) Dukla
unit, 4) Silesian nappe, 5) sub-Silesian unit, 6) Skole nappe,
7) Outer Flysch, and 8) Stebnik- unit.

The above mentioned work presents the state of know-
ledge of individual zones and their basement for the year
1972. The following years brought further achievements.
especially due to an increase in depth range of drillings
made by the oil industry in search for oil and gas, and by
the Geological Institute (Cracow Branch) in surveys on
deep structure of the Flysch. We assume that it is justified
to present to participants of the XIIIlth CBGA Congress
further advances in the knowledge of this region, including
abundant material of borehole data concerning the base-
ment in both the outer part of the Flysch zone and the
Carpathian Foredeep. A. Slaczka discusses the Dukla
unit, S. Wdowiarz — the eastern parts of the Silesian and
sub-Silesian units, Skole nappe and Stebnik unit, and
M. Cieszkowski — the Magura nappe, western parts of
the Silesian and sub-Silesian units, and units of the Fore-
Magura zone. In the accompanying paper S. Jucha dis-
cusses the basement of the Carpathians and Carpathian
Foredeep (sensu lato).

In the above mentioned paper of 1974, S. Wdowiarz
also presented structural outline of the Carpathian Fore-
deep. The range of the works may be best illustrated by
the amount of borehole material analysed by this author
for his paper of .1976: over 160 borehole columns from
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marginal Flysch zone about 25 km wide. The number
of the analysed borehole columns will increase to almost
300 if we take into account those from more inner parts
of the Carpathians. It should be mentioned that these
works were completed with a success. of discovering
significant gas resources.

Magura nappe is the innermost unit of the Western
Flysch Carpathians, thrusted over strata of various units
of the outer group: Silesian nappe, and Fore-Magura and
Dukla units. Together with the Silesian unit they represent
the largest nappes of the Polish Carpathians. In its northern
part, it forms a cover from several tens to over a thousand
meters thick, which is confirmed by borehole columns
Sucha I1G-1 (3,850 m), Bystra IG-1 (3,787 m), Tokarnia
IG-1 (3,936 m) Trzebunia IG-1 (3,053 m), and Trzebunia 2,
and in the southern it may reach 1,500 —2,600 m in thick-
ness: borehole columns Obidowa IG-1 (4,570 m), Cha-
bowka 1 (5,101 m), Stopnice | (4,508 m), and Stopnice 20
(4,500 m). Seismic surveys suggest that it may exceed
4,000 m in thickness in the peri-Pieniny zone, and the
drilling JaroSov-1, made in Moravy, was stopped at the
depth 4,578 m still in strata of that unit.

Flysch strata of the Magura nappe, mainly represent-
ing Upper Cretaceous and Paleogene, markedly differ
from their time equivalents in other units of the Outer
Carpathians. In Poland, the oldest rocks — Albian dark
shales and Cenomanian variegated green shales are known
from margins of the Mszana Dolna tectonic window (7)
and borehole Obidowa IG-l only. They are overlain by
Turonian variegated shales, known from more numerous
localities. The Senonian and Paleocene are mainly de-
veloped as thin-bedded sandstones and shales (normal
flysch) of the Ropianka Beds (Inoceramian Beds) through-
out the Magura nappe. Towards the north, the strata pass
into sedimentologically similar ones, known as the Biotite
or Biotite-Feldspar Beds (“‘Biotite Cretaceous’). Between
Rabka and Nowy Sacz, the Lower Senonian comprises
strata of the Kanina Beds, representing a variety of the
normal flysch. The Upper Senonian and Paleocene of
the Ropianka Beds comprise thick-bedded, often con-
glomeratic muscovite Szczawina sandstones with features
of typical fluxoturbidites. Magura nappe sections of the
peri-Pieniny zone display Jarmuta sandstones and con-

- glomerates, occuppying the same stratigraphic position (1).

Laramide movements changed Late Cretaceous. and
Paleocene configuration in the Magura part of basin
of the Flysch Carpathians. A new configuration, further
modified in the Eocene and Oligocene times, resulted in
differentiation of a number of facies zones in this area.
Tectonic structures overprinted on the zones make it
possible to identify several tectono-facies zones in the
Magura nappe (19, 29, 26, 15, 42). In explanations to
“The tectonic map of the Carpathians”, CBGA, Brati-
slava, L. Koszarski et al. (14) proposed to differentiate
the following subunits in Polish part of the nappe (from
the south northwards): 1) Krynica, 2) Bystrica (Sacz
zone), 3) Raca (southern Gorlice zone), 4) Siary (northern
Gorlice zone), and 5) Harklova.
~ Sedimentation of variegated shales, initiated in the
latest Paleocene, was developing diachroneously in the
Magura nappe. It was continuing locally even till the Late
Eocene in the Siary subunit, and till the Middle Eocene
in the Raca subunit, being limited to the earliest Early
Eocene in the Bystrica subunit, and sometimes completely
absent in the Krynica“subunit. The variegated shales are
usually overlain by strata of the normal flysch facies: the
Beloveza Beds (Lower Eocene) in the Bystrica subunit
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and Hieroglyphic Beds typical of the Middle and Upper
Eocene in the Raca subunit. Marly-shaly facies of so-
-called Lacko Marls (the major component of the Lacko
Beds) appears in the Middle Eocene of the Bystrica sub-
unit. Upper Eocene Sub-Magura Beds of the Siary zone
somewhat resemble the latter in lithology.

Magura Sandstones developed in the muscovite (Orava)
facies are most typical of the Paleogene in the Magura
series. Their sedimentation started in the Early Eocene
in the Krynica subunit, late Middle Eocene in the Bystrica
subunit, and Late Eocene in the Raca subunit. In the Polish
Carpathians, sedimentation of these sandstones reached
its peak in the Late Eocene and at the beginning of Early
Oligocene and they reach maximum thickness, often
over 1,000 m, in the Krynica (Gorce and Beskid Slaski)
and Rac¢a (Beskid Wysoki and Beskid Wyspowy) subunits.
A few members characterized by predominance of these
sandstones were differentiated for stratigraphic purposes
in the Lower and Middle Eocene (1): Piwniczna Sandstones
in the Krynica zone of the Beskid Sadecki. and Jaszcze
Beds (Magura Sandstones with intercalations of the Be-
loveza Beds) in the Gorce. The overlaying Middle Eocene
sandstones with intercalations of the Lacko Marls and
rocks of the Hieroglyphic Beds type were named as the
Kowaniec Beds. Two members occuppying stratigraphic
position similar to the latter in the Bystrica subunit include
the Maszkowice and Jazowsko Beds.

In the Siary zone the Sub-Magura Beds are overlain
by sandstones named as glauconitic Magura Sandstones.
Actually they represent a separate lithosome. Material
for formation of these rocks was coming from northern
margin of the Magura basin whereas that for formation
of muscovitic Magura Sandstones - was coming from
alimentary area situated in the north.

The Malcow and Supra-Magura Beds, dated at the
Lower Oligocene, represent the youngest strata of the Ma-
gura Series. The Supra-Magura Beds, similar in lithology
to the Sub-Magura Beds, are mainly known the Siary
subunit in western part of the Magura nappe, and the Mal-
cow Beds — from all the subunits of the nappe east of the
Dunajec River, and also the Krynica subunit in Podhale
and Orava (9, 23). They represent facies equivalents of
the Krosno Beds from the group of outer units. In eastern
Slovakia, they often rest on variegated shales, Globigerina
marls, and menilitic shales (18).

In the Harklova subunit, known from the tuzna and
Harklova tectonic peninsulas only, Eocene variegated
shales are overlain by Oligocene strata close inlithology
but usually more marly than the Sub-Magura Beds.

The Magura nappe is folded into numerous synclines
and anticlines. Moreover, internal loosenings of small
amplitude developed in some places. Anticlines are usually
narrow, with northern limbs thinned-out and often sliced,
and synclines — wide and flat, with southern limbs often
overturned to the north. East of the Dunajec River fold
structure becomes more regular, synclines narrower, and
anticlines steeper. In inner parts of the Magura nappe,
especially in the peri-Pieniny zone, strata are often steeply
inclined and often overturned to the south. Inversion of
relief is a common phenomenon in the Magura nappe.
The majority of most prominent crests in the Beskidy part
of its distribution are built of syncline-infilling Magura
Sandstones. Major fold structures of the nappe are SW —
NE oriented west of the Skawa River, and S—W — between
the Skawa and Dunajec Rivers, gradually changing their
orientation east of the Dunajec River to NW —SE in areas
west of the Biata River.



Northern margin of the Magura nappe is erosional.
Its course is relatively straight in the west. becoming more
diversified east of the Biala River. In the latter area there
are differentiated the Luzna and Harklova tectonic pe-
ninsulas, and north of the Harklova peninsula — some
tectonic caps (also sometimes interpreted as olistoliths
in the Krosno Beds of the Silesian nappe). Within the
Magura nappe there are developed a few tectonic windows
in which crop out strata of units of the Fore-Magura
zone. The largest of them is the Mszana Dolna window
(4). The remaining, small windows represent in tectonic
style scales teared-off from the base and pulled into zones
of internal overthrusts within the Magura nappe.

In the south, peripheral part of the Magura nappe.
called as the peri-Pieniny zone, directly contacts the Pie-
niny Klippen Belt — a steeply standing and internally
complicated higher order structure. Tectonic contact of
the two tectonic units is of the dislocation type and very
clear. :

Due to post-Paleogene folding phases, the Pieniny
Klippen Belt became thrusted over the peri-Pieniny zone
in the form of a nappe. In result of subsequent movements
a part of steeply standing strata of the peri-Pieniny zone
became overturned backwards and locally thrusted over
the Pieniny Klippen Belt. In a few places strata of the Ma-
gura series form slices within the klippen series whereas
brecciated strata of various klippen series are tectonically
pulled-in between steep-standing scales of the peri-Pieniny
zone at Orava (23).

Tectonic criteria for differentiation of individual sub-
units of the Magura nappe were repeatedly revised and,
as noted by M. Ksiazkiewicz (21, p. 206), differences in
facies development of the strata still remain the only key
here. Tectonic contacts of individual facies zones not
always appear traceable. When represented by loosenings
or small-scale overthrusts, they are generally not ac-
centuated by any increase in amplitude, being not larger
than overthrusts in internally sliced folds in a given facies
zone. Original tectonic reconstructions with overestimated
amplitudes of discontinuous deformations are at present
corrected with reference to results of new, more detailed
geological mapping. carried out taking into account facies
changes and interfinging between individual zones. The

mapping revealed existence of transitional zones between
individual subunits, e.g. between the Krynica and Bystrica
subunits in the Orava area (19, 21), the Sieniawa Gate,
western part of the Gorce, as well as Beskid Sadecki and
Beskid Niski (42). The situation was found to be similar
at the contact of the Bystrica and Raca subunits in western
Beskid Wysoki, and the latter and Siary subunit north-
-west of Nowy Sacz. Moreover, some facies changes have
been found along the strike of structures in the Magura
nappe. Significant differences in relation to Polish part
of the nappe, found in eastern and western Slovakia,
further complicate delineation of boundaries between
individual subunits.

Discoveries of new localities of the Supra-Magura
and Malcow Beds previously misidentified with older
strata in several areas, resulted in reinterpretations of
local fold structures in western Beskid Wyspowy, Nowy
Sacz area, and Dukla Pass. The discovery of the Malcow
Beds in Podhale and Orava had a decisive influence on
reinterpretation .of structure of the peri-Pieniny zone in
this region (23, 9). In the Nowy Targ area, the zone has
the form of a wide syncline, refolded and infilled with
strata of the Malcow Beds as far as its contact with the
Pieniny Klippen Belt. In western Slovakia and Orava,
the zone displays stronger internal tectonic deformations
and, in its southern part, slicing. The infilling Malcow
Beds are partly covered with Neogene and Quaternary
of the Orava —Nowy Targ Basin. The contact of the Mal-
coOw Beds and Magura Sandstones along the outcrops
of the former at right bank of the Dunajec River (line
Dzial — Niwa —Wzar) was previously interpreted as an
overthrust of quite large amplitude. The interpretation
appeared invalid and the contact — sedimentary in cha-
racter when the question of age of the Malcow Beds was
solved. g

Studies on stratigraphic position of the Malcow Beds
showed that the strata and underlaying Menilitic Shales
and Eocene variegated shales represent normal stratigra-
phic cover of the Upper Eocene of the Magura series.
as previously assumed by M. Ksigzkiewicz and B. Lesko
(18). Therefore, assignation of these strata to a separate
Rychwald tectonic unit, emerging from beneath the Ma-
gura nappe in tectonic windows according to H. Swi-
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Fig. 1. Tectonic sketeh of the Polish flvsch Carpathians

| — Magura nappe. 2 — Dukla unit. 3 — units of Fore-Magura
zone, 4 — Silesian nappe, 5 — Subsilesian unit, 6 — Skole nappe,
7 — Stebnik unit. 8 — Miocene on the flysch.

Ryc. 1. Szkic tektoniczny polshich Karpat /{is:(m‘}'c'/l.

1 — plaszczowina magurska, 2 — jednostka dukielska, 3 — jed-

nostki strety przedmagurskiej, 4 — plaszczowina slaska, 5 —

jednostka podslaska, 6 — plaszczowina skolska. 7 — jednostka
stebnicka. 8 — miocen na fliszu.
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dzinski (35), appears invalid similarly as the Rychwald
unit as defined by H. Swidzinski.

In the Polish Flysch Carpathians, two major intra-
montane basins developed in the Magura nappe: Orava—
Nowy Targ and Sgcz basins infilled with Neogene and
Quaternary sediments. Origin of these basins is regarded
as related to existence of deep fractures in basement of
the Carpathians (...). The former basin, also comprising
some parts of the Pieniny Klippen Belt and The Central
Carpathian Flysch, is developed in zone where the above
mentioned deep fractures maximally converge. The ma-
ximum thickness of its infill approaches 1.000 m as shown
by the borehole Czarny Dunajec IG-1. Origin of the
other, Sgcz basin, was determined by the existence of
transversal dislocations overprinted on the peri-Carpathian
fracture zone. Thickness of its infill may be up to c. 700 m

as shown by geophysical data and borehole Nowy Sacz

1G-1.

Dukla unit occupies a transitional position between
the Magura and Silesian units. The Upper Cretaceous
and Paleocene comprise strata analogous at those of the
Magura nappe, i.e. the Ropianka (Inoceramian) Beds.
except for the development of lithosome of thick-bedded
Cisna Sandstones, typical of the Dukla unit. In turn,
Upper Paleogene strata show strong affinities with the
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Silesian unit, being represented by the Menilitic and Krosno
Beds. The Menilitic Beds are characterized by develop-
ment of lithosomes of thick-bedded Mszanka and Cergowa
sandstones, typical of the Dukla unit. Extent of these strata
also comprises a part of the fore-Dukla zone, resulting
in some differences in interpretation of the course of nor-
thern boundary of the Dukla unit west of Ostawa.

The Dukla unit is most strongly uplifted in its eastern
part, mainly built of Upper Cretaceous and Paleocene
strata, plunging north-westwards. Its southern extent is
difficult to delineate, because of the cover of Magura
unit strata. However, taking into account data from the
Smilno area (Smilno tectonic window and a borehole)
it should be assumed that it extends far to the south beneath
the latter, and it may be over 40 km wide south of Dukla.

Within the unit, there may be differentiated two sub-
units (30), separated by major thrust plane and differing
in tectonic style and, partly, lithofacies development.
The differences are found to increase towards north-west.
The outher subunit is built of steeply rising or even over-
turned backwards scales (as confirmed by boreholes at
Wetlina and Jasliska — Fig. 2c) but dips decrease along
with increase in depth (borehole Jasliska 2 — see 31).
The inner subunit is characterized by presence of less steeply
rised. sliced folds which attain the form of floes thrusted



Fig. 2a, b, ¢, d. Geological cross-sections of eastern part of Polish
Flysch Carpathians, by S. Wdowiarz.

Silesian nappe: K" — Verovice Beds, K' — Lgota Beds, K» —
Godula shales, K* — Lower Istebna Sandstones, p* — Upper
Istebna Sandstones, P{ — Istebna Shales, P> — Variegated Shales,
O™ — Menilitic Shales; Krosno Beds: Okl — sandstone horizon,
O — sandstone-shale horizon; Sub-Silesian unit: K — Godula
shales, K2 — Weglowka Beds, EP — Variegated Shales, E" —
green-gray shales, O™ — Menilitic Shales; Krosno Beds: O —
sandstone horizon, Ok? — sandstone-shale horizon; Skole nappe:
Ks» — Spas Shales, KPs — variegated shales, K™ — Siliceous
Marls, K{,, — Cisowa Beds, Ki — Inoceramian Beds (thick-
-bedded sandstones), K! — Inoceramian Beds, EP® — Variegated
Shales, E* — Hieroglyphic Beds, E** — Popiele Beds, r — horn-
stones; Krosno Beds, O! — sandstone horizon, Ok2 — sandstone-
-shale horizon, O%* — shale horizon; Stebnik unit; M® — Aquita-
nian-Burdigalian (salt-bearing clays), M* — Carpathian— Stebnik
Beds, M — Balice Beds, M® — Badenian, M* — Lower Sarma-
tian; autochtonous Miocene: M® — Badenian, M® — Lower Sar-
matian; Platform substratum: P* — Riphean variegated phyllitic
shales).

on one another. The subunits are separated by relatively
flat laying thrust plane. In the Zakarpacie, the plane
presumably corresponds to that separating the BereZnia
(Dusin) and more external, Stawian zones.

The knowledge of nature and extent of thrust of the
Dukla unit over more external, Silesian one, is highly
important for analysis of tectonics of the former. The
thrust plane is very clear in eastern part of the Dukla unit,
separating two different facies zones. When strata en-
countered in deeper part of the borehole Zboj 1 (13, 12)
actually represent the fore-Dukla zone, the scale of the
overthrust would exceed 15 km in the Wetlina area.
Northern boundary of the unit becomes less clear west-
wards. This is partly due to a marked reduction of marginal
fold of the Dukla unit. North of Jasliska, core part of the
becomes diapiric in character. The fold becomes com-
pletely squeezed out in some places and the Krosno Beds
of this unit directly contact those of the fore-Dukla zone.
This was explained in terms of disappearance of the thrust
plane in that area. However, the Krosno Beds reach the
inferred thrust line at some angle, which speaks against
that interpretation.

The above mentioned reduction of the marginal fold
may be due to a local thinning out of the Cergowa Sand-
stone complex. Close to the western end of the unit (Skal-
nik fold), the thrust plane disappears and the Krosno
Beds from the foreland seem to merge with those of the

Dukla unit. Taking into account undoubtful overthrust .

in more eastward parts, it should be assumed that either
the Dukla unit became subjected to marked sinistral
rotation after the Oligocene or eastern part of the Silesian
unit rotated dextrally, thrusting under the former. It is
also possible that northward motion of the Dukla unit
started already before the Oligocene, leading to a marked
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Ryc. 2a, b, ¢, d. Przekroje geologiczne wschodniej czeici polskich
Karpat fliszowych wg S. Wdowiarza.

Plaszczowina §laska: K¥ — warstwy wierzchowskie; K! — warstwy
lgockie, K — tupki godulskie, K® — piaskowce istebnianskie dolne,
Ps — piaskowce istebnianskie gorne, P} — tupki istebnianskie,
P> — pstre tupki, O™ — tupki menilitowe; Warstwy kro$nien-
skie: OK! — kompleks piaskowcowy, OX? — kompleks piaskow-
cowo-tupkowy. Jednostka podslaska: KP* — tupki godulskie, K& —
warstwy weglowieckie, EP* — pstre tupki, E* — zielono-szare tup-
ki, O™ — tupki menilitowe; warstwy krosniefiskie: Of' — kom-
pleks piaskowcowy, Of} — kompleks piaskowcowo-tupkowy.
Plaszczowina skolska: K — tupki spaskie, KP* — tupki pstre,
M™ — margle krzemionkowe, K!,, — warstwy z Cisowej, K! —
warstwy inoceramowe (grubotawicowe piaskowce), Ki — warstwy
inoceramowe, EPS — pstre tupki, E® — warstwy hieroglifowe,
EP° — warstwy popielskie, r — rogowce; warstwy krosnienskie
O*' — kompleks piaskowcowy, O — kompleks piaskowcowo-
-lupkowy, O%* — kompleks tupkowy. Jednostka stebnicka: M*® —
akwitan — burdygal (ily solonosne), M — karpatien — warstwy
stebnickie, M®' — warstwy balickie, M® — baden, M* — dolny
sarmat; miocen autochtoniczny: M® — baden, M* — dolny sar-
mat; podioze platformowe: P — ryfej — pstre tupki fyllitowe.

overthrust of its Cretaceous and Eocene strata on the
foreland and that the movement was synsedimentary in
character. Subsequent, post-Oligocene tectonic movements
resulted in breaking of the continuity of Oligocene cover
in places where it is thinner (i.e. in the east), and pushing
movements. -

West of Dukla, the Dukla unit completely plunges
beneath the Magura nappe, emerging further to the
west in a number of tectonic windows, including the Szcza-
wa or even Mszana Dolna windows. The windows actually
represent tectonic exotics, cut-off of the basement, folded
together with the Magura nappe, and displaced north-
wards. The identification of the Tylawa Shale horizon
in strata hitherto regarded as the Krosno Beds in the Gry-
boéw N window shows that they represent shaly-sandstone
facies of the Cergowa Beds.This "seems to support the view
that the windows display strata of the inner subunit, cha-
racterized by this type of development of the Cergowa Beds.

The relation of the Dukla and Siopnice —Obidowa
units still remains insufficiently known (10). The latter
most probably represents merely a facies variety of the
former (9), characterized by intense development of the
Mszanka Sandstones and marked share of dark shales.

Units of the Fore-Magura zome, as interpreted here,
include the Fore-Magura unit s.s., units of the Mszana
Dolna and Klgczany — Pisarzowa tectonic windows, and
the Grybow unit, encountered in drillings beneath the
Magura nappe. '

Fore-Magura unit sensu stricto (2) was differentiated
in the front of the Magura nappe between Sporysz near
Zywiec and Koniakéw and Istebna near the Czechoslo-
vakian boundary, in western part of the Polish Flysch
Carpathians. Further westwards, in Czechoslovakia, it
is tectonically broken up and occurs in the form of isolated
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Fig. 3. Geological cross-section of Flysch Carpathians units south
of Wieliczka by J. Burtan 1984.

Flysch Carpathians: M — Magura Nappe, FM$ — Southern

Fore-Magura unit, FMN — Northern Fore-Magura unit, S*S —

Silesian Nappe — Kuréw Scale, S — Silesian Nappe, SS — Sub-

Silesian unit. Carpathian Foredeep: N — Neogene (miocene),
J — Jurassic, P+ T — Permo-Triassic, C — Carboniferous.

patches, and gast of Sporysz it disappears from the surface.

Upper Cretaceous and Paleocene of the Fore-Magura
unit are represented by ‘“biotite Cretaceous” between
Sporysz and Koniakéw, similarly as in marginal zone
of the Magura nappe. Lower part of the section comprises
thin-bedded sandstones and shales resembling typical
facies of the Ropianka Beds, and the upper — mainly
feldspar-biotite sandstones with intercalations of fucoid
marls in top part of that member.

Paleocene and Lower Eocene of the northern series
are represented by variegated and gray marls, and Middle
.and Upper Eocene — successively by variegated shales,
thin Hieroglyphic Beds, and green shales and Globigerina
Marls. The Menilitic Beds (brownish shales with thin
hornstone horizon in lower part), a transitional member
of the Barutka Marls, and the Krosno Beds appear in the
Oligocene. The Krosno Beds are built of thick-bedded
sandstones of the fluxoturbidite type, sometimes with
intercalations of conglomerates, in the lower part, and
sandstones and shales in the upper.

Eocene of the southern series comprises variegated
shales and marls with intercalations of thick-bedded
sandstones of the Cigzkowice type, thin packets of the
Hieroglyphic Beds, the Grojec conglomerates, and coarse-
-grained sandstones with nummulites. Oligocene is re-
presented by Koniakéw (Luzan.) detrital limestones and
coarse-splitting shales with intercalations of sandstones
lithologically close to the sub-Magura Beds.

The northern series represents fairly regular scale
traceable along the whole length of the Fore-Magura unit
and thrusted over the Beskid Slaski-building series of
the Magura nappe. The southern series is preserved in
the form of broken-up and strongly deformed tectonic
elements squeezed into the northern series.

The Mszana Dolna tectonic window, recently studied
in detail by J. Burtan (7, 4), is the largest of those found
in Polish part of the Magura nappe. The window, sur-
rounded by strata of the Bystrica and Raca subunits of
the Magura nappe, displays two tectonic elements of the
Fore-Magura unit: northern and southern. The southern
unit comprises strata assigned to the Lgota Beds of the
Albian —Cenomanian age, Cisna Beds (Senionan), ‘‘biotite
Cretaceous” (Senonian —Maastrichtian), Paleocene dark
shales with siderites, Eocene variegated shales and Oli-
gocene Luzana Limestones and Krosno Beds. It is tec-
tonically broken-up and reduced and its large fragments
are known from northern and southern margins of the
window. The northern unit, lower and folded at the surface,
is represented by Oligocene strata only: Grybow Shales,

318

POZNACHOW|CE STADN|K| ZAGORZE
Zagorze1
Q |G1 Sko!nxkﬂ/ ™ mqu Jawczyce1 ZugorzeZ' IBUO
| S o800
: £ 11600
— 2400

-3200

Ryc. 3. Przekrdj geologiczny przez jednostki tektoniczne Karpat
fliszowych na poludnie od Wieliczki wg J. Burtan 1984.

Karpaty fliszowe: M — plaszczowina magurska, FM$ — jednostka

przedmagurska potudniowa, FMM — jednostka przedmagurska

poinocna, SXS — plaszczowina $laska — tuska Kurowska, S —

plaszczowina $laska, SS — jednostka podslaska. Zapadlisko przed-

karpackie: N — neogen (miocen), I — jura, P+ T — permo-trias,
C — karbon.

Cergowa Beds, Menilitic Shales and Krosno Beds. More-
over, ‘“‘black Eocene” strata, Hieroglyphic Beds, variegated
shales, and underlaying ‘“biotite Cretaceous” are known
from deep drillings Porgba Wielka IG and Niedzwiedz 1.

The Mszana Dolna window is a tectonic elevation
of basement of the Magura nappe. It is delineated in the
south by a dislocation up to 1,000 m in amplitude. To-
wards the west of Raba Nizna and Olszowka, it gradually
plunges, being traceable as far as the Skawa line. Strata
of the Menilitic-Krosno serieg, represent the basement,
have been recorded at depths c. 700 m in boreholes Rab-
ka IG-1 and 2, and at depth c. 1000 m in borehole Sko-
mielna 1.

In the Kleczany — Pisarzowa tectonic window, situated
north of Nowy Sacz, J. Burtan differentiated two tectonic
scales representing different series of strata. In the southern
scale, the fore-Magura unit is represented by a series of
strata known from the windows in the Grybéw area, which
makes it similar to the northern zone of the Mszana Dol-
na window: Eocene and Oligocene strata represented by
variegated shales, Hieroglyphic Beds, sub-Grybow Beds,
Cergowa Sandstones, Grybow Shales, Menilitic Shales
with hornstones, and Krosno Beds. The northern ele-
ment — the Kuréw scale — comprises Cretaceous strata
represented by the Upper Cieszyn Shales, Grodzisko
Beds, Lgota Beds and Upper Cretaceous platy sandstones,
Eocene Klgczany Beds, and Krosno Beds.

Grybéw unit has been discovered by drillings Obidowa
IG-1, Chabowka 1, and Stopnice 1 and 20, at depths c.
1500—-2000 m, beneath overthrusted Magura nappe. It is
thrusted over the Obidowa — Stopnice unit, and strongly
refolded and sliced. Its thickness is varying from ¢. 500 m in
borehole Obidowa IG-1 to over 1000 m in borehole Stop-
nice 1.

Lithostratigraphic inventory of the Grybow unit from
the above mentioned boreholes comprises the Hierogly-
phic, sub-Grybow, and Cergowa Beds, and Grybow Shales.
Due to disturbances the strata often repeat in borehole
columns. The finding of the Grybow unit beneath the
Magura nappe in both the Stopnice and Obidowa areas
indicates its vast distribution in western part of the Polish
Flysch Carpathians.

Obidowa — Slopnice unit is known in the Polish Car-
pathians from deep -drillings Obidowa IG-1 (4,570 m),
Chabowka 1G-1 (5,101 m), Stopnice 1 (4,508 m), and Stop-
nice 20 (4,500 m) only (10). It comprises Senonian—
Paleocene Ropianka (Inoceramian) Beds with Lower Se-
nonian sandstones resembling those of the Cisna Beds,
and Maastrichtian exotic mudstones called as the Obido-
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Fig. 4. Geological cross-section of Flysch Carpathians south of
Cracow by W. Sikora et all 1980 corrected by M. Cieszkowski.

Carpathian Foredeep. Basement of Carpathian Foredeep. | —
Cambrian, 2 — Middle and Upper Devonian, 3 — Lower Car-
boniferous, 4 — Lower and Upper Carboniferous, 5 — Permian,
6 — Middle and Upper Jurassic. Molassic deposits of Carpa-
thian Foredeep: Neogene (Miocene).
Flysch (Outer) Carpathians: SS — Subsilesian unit: Cretaceous
and Palaeogene, S — Silesian nappe: 7 — Grodziszcze Beds, 8 —
Verovic Beds, 9 — Lgota Beds, 10 — Godula Beds, 11 — Istebna
Beds. 12 — Cigzkowice sandstones and variegated shales, 13 —
Krosno Beds. )
FM — Fore-Magura unit, G — Grybow unit, D — Dukla unit
(Obidowa — Stopnice unit): 14 — Lower cretaceous deposits, 15 —
Ropianka (Inoceramian) Beds, 16 — Hierogliphic Beds, 17 —
Rdzawka Beds (““Black Eocene”), 18 — Sub-Grybow Beds, 19 —
Cergowa Beds, 20 — Grybéw shales, 21 — Krosno Beds. M —
Magura nappe: 22 — Albian and cenomanian deposits, 23 —
Ropianka Beds, 24 — Cigzkowice sandstones, 25 — variegated
shales, 26 — Hierogliphic Beds, 27 — Beloveza Beds, 28 — Jasz-
cze Beds, 29 — Lacko Beds, 30 — Kowaniec Beds, 31 — varie-
gatet shales in various horisonts, 32 — Maszkowice Beds, 33 —
Jazowsko Beds, 34 — Submagura Beds, 35 — Magura glauconitic
sandstones, 36 — Above-Magura Beds, 37 — Magura Beds, Ma-
gura (muscovitic sandstones), 38 — Malcov Beds.
40 — Lithostratigraphic limits; a — controlled, b — inferred, 41 —
Main overthrusts: a — Flysch Carpathians overthrust, b — Magu-
ra Nappe and Silesian nappe overthrust, 42 — Second order over-
thrusts: a — overthrusts of second order units, b — overthrusts
of scale, 43 — Faults: a — controlled, b — inferred, 44 — Deep
boreholes.

wa Beds. Among exotics of the Obidowa Beds there were
identified fragments of Triassic and Cretaceous carbonate
rocks in facies typical of the Inner Carpathians, and bio-
tite-rich granitoids. The Obidowa Beds are overlain by
the Bukowiec Wielki glauconitic sandstones of the Pa-
leocene age and Eocene Hieroglyphic Beds with Lower
Eocene horizon of variegated shales. The Upper Eocene
comprises the Rdzawka Beds (“*black Eocene’’) developed
as thin-bedded sandstones with intercalations of biack
shales alternating with complexes of thick-bedded con-
glomeratic quartz sandstones and silty gravelstones. The
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Ryc. 4. Przekrdj geologiczny przez Karpaty fliszowe na poludnic
od Krakowa wg W. Sikory et al. 1980 uzupetniony przez M. Ciesz-
kowskiego.

Zapadlisko przedkarpackie. Podloze zapadliska: 1 — kambr, 2 —

dewon $rodkowy i gérny, 3 — karbon dolny, 4 — karbon dolny

i gorny, 5 — perm, 6 — jura §rodkowa i gorna. Utwory mola-
sowe zapadliska: N — neogen (miocen).

Karpaty Fliszowe (zewngtrzne): SS — Jednostka podslaska; kre-

da —paleogen nierozdzielone utwory. S — Plaszczowina $laska:

7 — warstwy grodziskie, 8 — warstwy wierzowskie, 9 — warstwy

lgockie, 10 — warstwy godulskie, 11 — warstwy istebnianskie,
12 — piaskowce cigzkowickie i lupki pstre, 13 — warstwy kros-
nienskie.

FM — jednostka przedmagurska, G — jednostka grybowska, D —
jednostka dukielska (jednostka Obidowej— Stopnic): 14 — utwory
kredy dolnej, 15 — warstwy ropianieckie (inoceramowe), 16 —
warstwy hieroglifowe z poziomami pstrych tupkow, 17 — warstwy
z Rdzawki (,,czarny eocen”), 18 — warstwy podgrybowskie, 19 —
warstwy cergowskie, 20 — tupki grybowskie lub tupki menilito-
we, 21 — warstwy kro$nieniskie. M — plaszczowina magurska:
22 — utwory albu i cenomanu, 23 — warstwy ropianieckie, 24 —
piaskowce ciezkowickie, 25 — pstre lupki, 26 — warstwy hiero-
glifowe, 27 — warstwy beloweskie, 28 — warstwy z Jaszczego,
29 — warstwy lackie, 30 — warstwy z Kowanca, 31 — pstre tup-
w roéznych ogniwach eocenu, 32 — warstwy z Maszkowic, 33 —
warstwy z Jazowska, 34 — warstwy podmagurskie, 35 — piaskow-
ce magurskie w facji glaukonitowej, 36 — warstwy nadmagurskie,
37 — piaskowce magurskie w facji muskowitowej, 38 — warstwy
: malcowskie.
40 — Granice litostratygraficzne: a — stwierdzone, b — przypusz-
czalne, 41 — Glowne nasunigcia, a — nasunigcie Karpat fliszo-
wych, b — nasunigcie plaszczowiny magurskiej i plaszczowiny
$laskiej, 42 — Nasunigcia mniejsze: a — nasuniecia mniejszych
jednostek, b — nasunigcia tusek, 43 — Uskoki: a,— stwierdzone,
b — przypuszczalne. 44 — Giebokie wiercenia.

Cergowa Beds developed in shaly facies are the uppermost
member in this succession.

The sedimentary sequence of the Obidowa — Stopnice
unit appears close in facies to that of the Dukla unit, dif-
fering in presence of ¢. 500—700 m complex of “‘black
Eocene™ strata only. Similar strata have been found at
_depth about 3,000 m in the series of northern (Fore-Ma-
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gura) scale in the Mszana Dolna tectonic window (bore-
hole Niedzwiedz 1), therefore, taking into account the nature
of cooccurring rocks, they may be treated as affined in
facies to those of the Obidowa — Stopnice unit. A 1,000 m
packet of strata similar in lithology to the Rdzawka Beds
(except for predominance of thick-bedded sandstones and
gravelstones) has been encountered beneath the overth-
rusted ‘Dukla unit in typical development, in borehole
Zboj 1 (5,001 m) in eastern Slovakia.

Strata of the Obidowa — Stopnice unit are gently dipp-
ing (20—30°) and usually without any more intense de-
formations. This along with their large thickness (over
2,500 m) seem to indicate their vast distribution beneath
overthrusted Magura and Grybéw nappes.

Silesian nappe is the major unit in the Flysch zone in
the Polish Carpathians. In paper of 1963, mentioned in the
introduction, S. Wdowiarz put forward a hypothesis of con-
tinuous distribution of this unit SE of the Polish-Soviet
boundary, as Kostrzyca —Skupowa and Czarnohora units
in the Ukrainian Carpathians and Audia nappe in Ro-
maman Carpathians. After publishing that paper, he could
study this question in NW part of the Ukrainian Car-
pathians and find evidence in favour of that hypothesis.

In south-eastern part of the Polish Carpathians,
boundary of the unit is very clear, marked at SW by the
front of the Dukla unit, and at NE — by frontal rise of
Lower Cretaceous strata in the vicinities of Sanok and
Lesko. Further to south-east, it is traceable as a narrow
streak of marls and variegated shales. The strata soon
disappear and in the section up to the eastern boundary
of the state, only the Lower Krosno (Raba) Beds are
found.

The whole transversal section (27 km wide) through
the eastern state boundary adjoining part of the Polish
Carpathians is built of the Krosno Beds only. The strata
do not represent a separate tectonic element (33) but an
extension of the Silesian unit, forming so called Central
Carpathian Synclinorium. The synclinorium is here built
of 7 secondary structural elements. Reconstruction of
all the elements in area from the eastern state boundary
to the Gorlice meridian, i.e. at distance of 125 km, show-
ing their axes and separating synclines, is presented else-
where (S. Wdowiarz, in print). Despite of fairly monoton-
ous development of the Krosno Beds, it appeared possible
to differentiate at least three horizons on the basis of
lithological and morphological data. The lower horizon,
about 2000 m thick and characterized by gray colours,
comprises packets of thick-bedded sandstones with sub-

ordinate share of shales and, sometimes, packets mixed
in character, i.e. packets of medium- or thin-bedded sand-
stones alternating with shales.

In southern part of the synclmonum development
of the above mentioned horizon becomes diversified due
to appearance of hard massive (Otryt) sandstones in its
upper part. The sandstones, forming crest parts in the
Bieszczady Range. are overlain by the Jasto Shales. In
top part of the lower horizon there appears about 50 m
thick complex of massive, thick-bedded glauconite-rich
(glauconitic) sandstones, forming foundation soils of the
Solina dam. The next horizon belongs to the typical Flysch
and is of crest-forming importance south and south-west
of Ustrzyki Dolne. The upper hornzon is mainly shaly m
character and of minor importance.

Some deep drillings have been made in the above part
of the synclinorium. Of these. borchole Suche Rzekn (S.
Rz.) did not penetrate the Krosno Beds down (o the depth
of 3,502 m, recording strong backward inclination of
south-western limb, and borehole Zatwarnica (Z.) pene-
trated the Krosno Beds. Menilitic Shales. and Hicro-
glyphic Beds, to encounter Cigzkowice Sandstones (depths
2,760 to 2,812 m) and underlaying variegated shales (depths
down to 2,820.6 m). Boreholes Smolnmk and Lutowiska
(4,400 m and 4.634 m, respectively), made north of the
San River, were stopped in the Lower Krosno Beds, not
penetrating them (9).

A new tectonic elements (Bystre slice), representing
a part of the fore-Dukla unit. appears in the Hoczewka
Creek spring basin, inner part of the synclinorium. The
presence of Upper and Lower Cretaceous sequences be-
ginning with the Upper Cieszyn Shales (i.e. developed
in the Silesian facies), is the major feature of that element.
The strata are traceable at 10 km distance and the element
extends to NW. At distance of about 18 km core part
of the element is built of the Menilitic Shales only but
borehole data also show presence of Eocene strata in Si-
lesian facies at its extension. In a section 20 km long,
called as the Iwonicz Zdroj fold, there were found 4 ho-
rizons of Cigzkowice Sandstones alternating with varie-
gated shales and Istebna Beds and the element achieves
the form of a flat NE-oriented thrust with amplitude over
2 km (Wistok River valley), and fold core becomes com-
plicated by transversal and longitudinal dislocations. The
fold becomes more and more steep west of Iwonicz. This
is accompanied by plunging of the Eocene and, sub-
sequently Menilitic Shales so the fold becomes finally
marked in the Lower Krosno Beds in the Wistoka River
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Fig. 5. Geological cross-section of Skole nappe and Stebnik unit
south of Przemysl, by S. Wdowiarz.
Explanations like for ryc. 2.
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Ryc. 5. Przekrdj geologiczny plaszczowiny skolskiej i jednostki
stebnickiej na poludnie od Przemysla, wg S. Wdowiarza.
Objasnienia jak dla ryc. 2.



section. This indicates large amplitude of vertical displace-
ments, estimated by me in the Iwonicz— Wistoka River
section at 2,000 m or more.

SE of the Bystre scale, markedly backwards over-
turned Suche Rzeki fold, about 5 km wide, forms foreland
of the Fore-Dukla unit. The fold narrows to 2 km 35 km
further to NW. and its core begins to display. narrow
outcrops of the Menilitic Shales. traceable at 25 km dis-
tance. The shales disappear in 15 km section in the Wistok
River basin to reappear in the core. The core rises over
3000 m in section from Iwonicz to the Jasiotka Creek
valley: the section of which displays 4 horizons of the
Cigzkowice Sandstones, variegated shales and, subse-
quently, Istebna Sandstones. Fold core is here complicated
by some transversal and longitudinal dislocations. The
fold is latitudinally oriented and markedly asymmetric
in a 10 km section up to the Wistoka River valley: its
southern limb, built of the Krosno Beds, is 3 km wide.
and the northern reduced to 0.5 km. Borehole data con-
firmed complex structure of the core at Osobnica. NW
‘of the Wistoka River, where a secondary culmination of
the fold has been found.

Central part of the synclinorium is occuppied by an
element mainly built of massive thick-bedded sandstones
which form the Otryt crest (938 m a.s.l.) along upper sec-
tion of the San River. This element was traced at distance
of some tens km SE of the state boundary in geological
maps compiled before the w.w. Il. It represents a scale
thrusted to NE and the above mentioned borehole Smol-
nik, localized at its limb 2 km from the front, penetrated
the Otryt Sandstones down to the depth of 1,200 m, which
casts some light on the scale of the thrust. The discontinuity
has been traced to NW as far as the Wistoka River valley.
The fold appears complex in character due to 2—3 re-
foldings, becoming yp to 8.5 km wide in proximity of
the state boundary. Drillings made in the Ostawa Creek
valley showed that a syncline is deeply pulled into core
part of the fold, and the overthrust plane also comprises
strongly reduced NE limb. Transitional strata and even
Eocene variegated shales crop out at the surface in the
fold (Besko —Targowisko fold) core in 25 km section of
the Pielnica Creek valley and also the Wistoka River
drainage basin.

Sections important for understanding deep structure
of the above element include the Rymanow (with bore-
hole Rymanéw 1, 5404 m deep), and Lubno (in which
three drillings, including one 3,004 m deep, penetrated
the fold). In the former, amplitude of the northward thrust
exceeds 4 km, and in the latter — S km. Drillings which
penetrated the fold core recorded green-gray or varie-
gated Eocene shales, a reversed limb built of Menilitic
Shales and Krosno Beds, and in the latter, a synclinal
bend beneath the fold. Borehole Rymanéw 1 (R.) pe-
netrated a 1,000 m sequence of the strata beneath the
bend, not encountering the old Flysch (Fig. 2c). The lack
of the Cigzkowice Sandstones in the latter section is im-
portant from the point of view of tectonics as well as
facies development of the Eocene. Taking this into account
S. Wdowiarz put forward a hypothesis that the Cigzkowice
(and possibly Istebna) Sandstones, known from marginal
(northern and southern) furrows of this unit, are completely
missing in central part of the synclinorium, which may
be the reason of the above discussed style of the element.

Despite of some differences in development of the
Krosno Beds and form of individual elements, outer part
of the central synclinorium may be interpreted as a single
large refolded tectonic element. The above mentioned

borehole Lutowiska is one of several made in that zone,
especially in the Ostawa Creek section.  Some drillings
made in the latter area reached depths over 2,500 m (and
the deepest even 3,081 m), not reaching strata older than
the Krosno Beds. As explained above, the front of the
Silesian unit passes along the Raba— Rownia — Olszani-
ca—Zatuz fold. NE of Lesko, core of the fold displays
Upper Cretaceous strata (variegated marls). and sub-
sequently Lower Cretaceous ones developed in the Lgota
Beds facies, forming frontal rise of the whole unit. Bore-
hole data show that it is thrusted over the Krosno Beds
of the next unit.

In NW, Lower Cretaceous strata display marked tec-
tonic complications, well known from drillings in the
Grabownica oil field. In the next element, passing parallel
to the above rise in SW, the Menilitic Shales and, sub-
sequently, Eocene strata (but without the Cigzkowice
Sandstones) crop out at the surface in vicinities of Sanok.
The fold is characterized in that area by structure of the
chimney type and drillings showed presence of the Upper
Cretaceous in the red shale facies, and Lower Cretaceous
in the black shale and Lgota Beds facies in its deep-seated
core. It is cut by numerous transversal and vertical dis-
locations NW of Sanok, and Upper Istebna Sandstones
crop out at the surface of its core 20 km from the latter
area.

The frontal rise of Lower Cretaceous strata (Gra-
bownica fold) is NW-oriented as far as Domaradz, sub-
sequently turning westwards and passing into an over-
thrust, the amplitude of which increases in the same direc-
tion. At the same time a syncline, 3.5 km in width, separat-
ing that fold and the neighbouring one (Strachocina)
outcrops in such a way that it changes into a southward
inclined monocline in the Czarnorzeka section. The sec-
tion here comprises strata from strongly reduced Lower
Cretaceous through Upper Cretaceous with lower part
(less than a hundred meters thick) developed in the red
shale facies and the upper (800 m thick) represented by
a complex of the Istebna Sandstones with marly inter-
calation in the middle, to Paleocene and Eocene developed
in typical Silesian facies, with four complexes of Cigzko-
wice Sandstones and Menilitic Shales at the top.

Three more internal anticlines are generally more steep
than the above ones in area NW of the Polish-Soviet
boundary and, at distance of 65 km, they are built of the
Krosno Beds only. Their development and internal structure
may be best analysed in the classic Ostawa section. In that
locality, the third of the folds (Czaszyn fold), 5 km wide.
has a form of monoclinal body dipping to SW. Interpreta-
tion of the above mentioned boreholes (M. 100—103,
Cz. 1, 2, and T.-W. 12—15) showed that older Flysch
horizons are inaccessible here because of structural con-
ditions. A change in this bunch of folds is marked in the
Trze$niow area, where borehole B. 1, 2.5 km distant from
the fold axis and 4479 m deep, recorded Istebna sand-
stones and (thin) shales, Eocene strata with 2 intercala-
tions of Cigzkowice Sandstones, and Menilitic Shales.
This element, 700 m wide, is characterized by presence
of intra-fold syncline, traceable down to the depth of
1500 m.

Further to the north, core of the above fold is built
of the Menilitic Shales at distance of 30 km and, in cul-
mination, of Eocene strata with 2 complexes of Cigzko-
wice Sandstones. Several drillings showed that structure
of this fold is complicated by numerous transversal dis-
locations and a characteristic disharmony, connected with
chimney-like structure of its upper part, and presence

'
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of an intra-fold syncline, deeply wedged-in in the upper
part and gaining a gentle form in the lower. In the lower
part it is built of the Istebna Sandstones, not penetrated
by drilling down to the depth of 3300 m. Boreholes R. 31
and R. 32, made east of Jasto, penetrated 1200 m sequence
of the sandstones, not reaching their base.

The loop of the Wgglowka tectonic window (north
of Krosno), repeatedly described in the literature, is related
to frontal part of the Silesian nappe. In the tectonic loop,
three units are superimposed: the Silesian unit (mainly
represented by the Bonarowka patch), rests on the sub-
-Silesian which, in turn, rests of the Skole unit. The Bo-
narowka patch, ovate in outline and 6 x5 km in size,
is built of the Lgota Beds underlain by Wierzow Beds,
and marked in terrain morphology as a flat elevation with
steep slopes, well visible from large distances. Further
to WNW in the Wistok River valley, frontal part of the
Silesian unit is built of crest-forming Upper Cretaceous
strata (Istebna Sandstones), underlain by Lower Cretace-
ous ones and widely distributed NE of Brzostek. It should
be noted here that a borehole localized at southern limb
of the frontal fold at Frysztak (Wistlok River section),
penetrated its base at the depth of 2615 m and, after pass-
ing 200 m sequence of the sub-Silesian unit, penetrated
complete section of the Skole unit: from the Krosno Beds
to upper part of the Inoceramian Beds.

At the Wistoka River line, NW of Brzostek, the front
of the Silesian nappe becomes torn apart to show strata
of the Skole unit at 5 km distance. From that area to the
Biata Creek, the front part of the nappe is built of shaly
Lower Cretaceous strata, truncated by SW —NE oriented
dislocation, traceable along 15.5 km distance and respons-
ible for marked reduction of the unit. At the back of the
unit, west of the Wistok River, there is developed an anti-
clinal element mainly built of the Istebna Sandstones and
marked in terrain morphology as a large forested ridge
(Bzianka — Liwocz). The element is translocated in NE —
SW direction by dislocation at the Biala Creek line, merg-
ing with the next one from the south, Cigzkowice —Roz-
now element. It should be noted that is represents an
extension of the above discussed Osobnica element, which
continues as a narrow complex fold towards Ciezkowice.
The latter was traced along with the central synclinorium
at distance of about 110 km.

The Gorlice fold appears most important of secondary
elements of the nappe, found east of the Wistok River.
It is delineated by two peninsulas of the Magura nappe:
Harklova in the east, and Luzna in the west and its com-
plex structure has been reconstructed on the basis of some
deep drillings: the core is built of the Istebna Sandstones,
truncated from below by a thrust plane, along which they
contact the Krosno Beds of a deeper-seated, separate
tectonic element.

The borehole Gorlice 11, the deepest in this area, was
localized 1.9 km south of the fold front. It penetrated
the fold down to the depth of 1100 m. The borehole Gr. 2,
situated 2.1 km further to the south, penetrated it still
deeper, down to 2.3 km. Thrust plane here dips south-
wards at the angle of 25°. Taking into account 40° dip
of the fold limb, it may be assumed that the fold displays
a trend to.unrooting in that direction. The former of the
above boreholes reached depth of 5236 m, penetrating
4136 m sequence of the Krosno Beds representing a syn-
cline rolled up beneath the fold, and subsequently sou-
thern limb of the Biecz fold, found 7 km from that place.
It follows that incomplete section of the strata (? Krosno
Beds) 1s here 2,500 m thick.
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The above fold is covered by 6 km packet of the Ma-
gura nappe west of Gorlice. It emerges from beneath the
strata to divide into 2 steep, narrow folds which plunge
towards the Dunajec River valley.

A wide Bobowa syncline, filled with the Krosno Beds,
represents the westernmost part of the Central Carpathian
Depression. The Jankowa anticline, situated S of the
former, is known from a few boreholes. Of these, bore-
holes Lyczana 5 (2,826 m) and kLyczana 10 (2,035 m)
penetrated the Menilitic-Krosno series to enter 3 horizons
of the Cigzkowice Sandstones and Istebna, Godula, and
Czarnorzeki beds. Northern limb of the Bobowa syn-
cline passes .into anticlinal structure of the Roznow-—
Cigzkowice fold. At the Dunajec River line, core of the
fold is built of the Godula Beds, and southern, southwards
monoclinally dipping limb — the Istebna and Cigzko-
wice Sandstones. This is evidenced by borehole Siekier-
czyna 1G-1 (4,809 m), penetrating almost 4,500 m sequence
of the Istebna and Godula beds and underlaying Lower
Cretaceous strata (including Cieszyn Beds) and, there-
after, those of the Skole nappe. The Roznoéw fold is thrusted
over the Czchow one, recorded by boreholes Iwkowa 1
(3,247 m) and Czchéw 1 (3,216 m). Anticlinal front of
the latter is built of the Lgota and Godula beds, and a syn-
cline from its back is filled with the Istebna Beds.

The Czchow fold and the Zakliczyn one, situated north
of it, pass into the Rzepienniki fold. West of the Dunajec
River, both the Bobowa syncline and Roznéw anticline-
plunge beneath the thrust of the Magura nappe, the margin
of which passes far to the north between Tggoborza and
Iwkowa.

West of the Dunajec River, at the Skawa River line,
the Silesian nappe becomes divided by a dislocation into
two parts differing in tectonic sand lithofacies develop-
ment. Between the Dunajec and Skawa rivers, in areas
comprising Pogorze Wielicko-Wisnickie and Lanckron-
skie, Paleocene strata, especially the Krosno Beds may
still represent important components of geological struc-
ture, whereas Cretaceous strata are of decisive importance
west of the Skawa River, where they built the Beskid
Maly and Beskid Slaski ranges. '

The Silesian nappe and sub-Silesian unit are very well
known thanks to detailed geological studies and mapp-
ing and supplementary analysis of seismic profiles and
borehole data, which covered areas south of Bochnia and
Brzesko (24, 25) and further, as far as Cracow and Mysle-
nice (4, 8, 5), as well as between Lanckorona and Sota
(16, 17, 21) and in the Beskid Slaski and Beskid Niski
ranges and adjoining areas (6, 17, 21, 22).

The lithostratigraphic inventory of Cretaceous strata
appears most complete in development in western part
of the Silesian unit, especially in the Cieszyn Silesia.

The Cieszyn Beds developed as the Lower Cieszyn
Beds (pre-Flysch) of the Tithonian age, Cieszyn Lime-
stones of the Upper Tithonian— Berriasian, and Upper
Cieszyn Shales of the Valanginian —Hauterivian are the
oldest strata in the Silesian series. They are overlain by
the Grodzisk Beds of the Hauterivian, developed in the
marly-shaly facies and replaced towards the east by the
Grodzisk Sandstones, also locally replaced by the black
Wierzéw shales of the Barremian and Aptian. The Lgota
Beds of the Albian and Lower Cenomanian age, are pre-
sented in lower part by thick-bedded, often conglomeratic
sandstones, in middle part by thin-bedded sandstones
and green, black or variegated shales, and in the upper —
by spongiolites called as the Mikuszowice hornstones,
overlain by a horizon of so-called radiolaritic beds. The



horizon, about 1 m thick, comprises shales with man-
ganese nodules and radiolarites. Tripartite Godula Beds
comprise strata varying in age from the Upper Cenomanian
to Lower Senonian, and up to 2,000 m thick in the Beskid
€laski range. Variegated Godula shales may replace lower
part of the latter in areas east of the Skawa River, or even
all of them in the Pogérze Lanckoronskie and Wielickie.

The Istebna Beds represent a huge complex cha-
racterized by predominance of coarse-grained and con-
glomeratic sandstones of the fluxoturbidite type, and
numerous conglomeratic intercalations. The Lower Istebna
Beds are dated at the Senonian, and the Upper, compris-
ing two complexes of dark shales (sometimes with inter-
calations of variegated shales), separated by a sandstone
complex — at the Paleocene. The Cigzkowice Sandstones,
similar to the former in lithology, are of the Upper Paleo-
cene —Lower Eocene age. West of the Dunajec River,
the latter form two horizons of lenses in variegated shales.
The Hieroglyphic Beds, represented by thin-bedded sand-
stones and shales, overlain by a horizon of green shales,
are dated at the Middle and Upper Eocene. The strata
may comprise from one to three horizons of variegated
shales.

The Globigerina Marls are in places known from the
Eocene — Oligocene boundary. The Oligocene is repre-
sented by the Menilitic Beds, developed as hornstones in
lower part, and brownish shales in the upper. The strata
also display some tuff horizons as well as sandstones known
under various local names. Sedimentation of the Silesian
series ended with the Krosno Beds. In western part of the
Polish Carpathians, thin-bedded sandstones and shales
predominate in the Krosno Beds, whereas thick-bedded
sandstones prevail in their lower part only.

In area delineated by the Dunajec and Skawa Rivers,
the Silesian nappe divides into two units synclinal in cha-
racter: upper, represented by the Lanckorona highlands
floe, and lower developed as the major trunk of the nappe
in the Wielicz and Wisnicz highlands. A refolded, NW — SE
oriented syncline, filled up with the Krosno Beds, is marked

along the Uszew —Zakliczyn line in its eastern part. The .
syncline has been recorded in some drillings, including’

boreholes Uszew 1 (2,522 m), which penetrated Paleogene
strata of the Istebna and Godula beds and a thin scale
of the sub-Silesian unit, to encounter Jurassic strata of
the foredeep basement, and Zlota. 2 (2,802 m), which
encountered Miocene and Jurassic strata beneath the
base of the nappe. Towards the west, several basins or
flat synclines filled up with the Krosno or Hieroglyphic
Beds, are marked in the lower unit: e.g. Trzciana —Lesz-
czyna, Strzyzyc, and Polanki — Sieprawie basins. The forms
are separated from one another by anticlinal structures
usually built of the Istebna and Godula Beds. Along nor-
thern margin of the unit there are also exposed Lower
Cretaceous strata, including Cieszyn Shales.

Disrupted fragments of the sub-Silesian unit may be
traced along the front of the Silesian nappe, along which
they have been thrusted over the Miocene of the Carpa-
thian Foredeep. The front of the nappe retreats south-
wards between Wieliczka and Bochnia, forming so-called
Gdéw Embayment. South of that embayment there is
marked the Strzyzyc depression, and still further in that
direction — a southward bend of margin of the Magura
nappe. Drillings made in area south of Wieliczka and Boch-
nia penetrated various members of the Silesian nappe.
The nappe is here less than 2,000 m thick. The boreholes
Lakta 24 (3,150 m), situated south of Bochnia, and Wis-
niowa 4 (2,599 m), situated south of Wieliczka, penetrated

base of the nappe at the depths of 2,296 m and 2,100 m,
respectively, to enter strata of the sub-Silesian unit and
their Miocene basement. The nappe is 200 —800 m thick
between Glogoczow and its northern margin in area south
of Cracow (W. Sikora et al., 1980). The borehole Gto-
goczéw 1G-1 (3,800 m) recorded its base at about 750 m.
The nappe becomes thicker (up to 1,500 m thick) south-
wards but boreholes Trzebunia 1G-1 and Trzebunia 2
(3,936 m), made at distance of 4 km from overthrust
of the Magura nappe, showed that it is missing in the
basement.

The Lanckorona highlands floe is thrusted over strata
of the lower unit. The former represents a syncline filled
up with the Istebna and Godula Beds. The syncline be-
comes narrower east of the Skawa River dislocation zone
to disappear in the Myslenice region.

Both the lower and upper units are delineated at the
south by anticlinal structure called as the Lanckorona—
Zegocin zone of tectonic windows. The structure has a form
of steep, complex fold, representing westward extension
of the Czchow fold. Its northern limb is built of strata of
the Wierzow, Lgota, and Godula beds, the core displays
the sub-Silesian unit in numerous small tectonic windows,
and southern limb, sheared from below and thrusted
over the core part, displays the Krosno Beds and various
members of the Paleocene and Lower Cretaceous. Structure
of this element is known from borehole column Wisnio-
wa 1G-1 (2,931 m), showing strongly tectonically disturbed
strata of the sub-Silesian unit underlain at the depth of
2,268 m by the Miocene and, subsequently, Jurassic and
Paleozoic (5).

West of the Skawa River dislocation zone, margin
of the Silesian nappe retreats 10 km to the south along
the dislocation. The area between the Skawa and Olza
Rivers and further westwards, is characterized by highly
intense development of the Godula and Istebna Beds
(total thickness of which may here approach 3,500 m),
and presence of the Lower Cieszyn Shales and Cieszyn
Limestones, the oldest members of the Silesian nappe,

‘unknown from other regions.

The above discussed development and rigidity of the

\ Godula Beds and disharmonious folding of the under-

laying Cieszyn Beds resulted in origin of a great decolle-
ment between them. Moreover, the Silesian nappe became
differentiated into two elements: a higher, Godula nappe,
and lower, Cieszyn nappe. The former is further differen-
tiated into partial nappes thrusted over one another.
East iof Bielsko-Biala it becomes narrow and narrower
and gradually disappears. The latter, Godula nappe is
subdivided by transversal dislocations into three blocks:
Beskid Maly, Beskid Slaski, and Beskid Jabtonkowski.
The borehole Potrojna IG-1 (3,701 m), situated south
of Wadowice, recorded strata of the Silesian nappe down
to the depth of 1,162 m, and those of the sub-Silesian
unit — down to the depth of 2,031, entering thereafter
underlaying Miocene strata and Upper Paleozoic ones.
The borehole Sucha IG-1, situated south of the latter,
penetrated strata of the Magura nappe to enter those
of the Silesian nappe in depth interval 1,760 —2,214 m.
Lower parts of the latter are tectonically disturbed and
sliced together with underlaying strata of the sub-Silesian
unit in this borehole column. Beneath the strata the bore-
hole encountered over 1,000 m packet of Miocene, includ-
ing a conglomeratic series which forms a cover on Upper
Paleozoic basement.

Sub-Silesian unit. Although distribution of this unit
appears more limited than in the case of all the remain-
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ing units of the Flysch zone, close relations with the Sile-
sian nappe and a passage of Upper Cretaceous facies
of that unit to the Silesian one in the Sanok area markedly
impede its interpretation. In south-eastern part of the
area, the unit may be traced along external boundary of
the Silesian unit west of Ustrzyki Dolne in a narrow streak
of variegated shales and marls, which widens and becomes
more clearly individualized north-east of Lesko. Four
drillings made in a transversal section at 1.5 km distance
from front of a fold in the latter area, penetrated the fold
to encounter the Krosno Beds of the Skole unit. From
Zatuz, where' the Lower Cretaceous crops out at the

surface, the Upper Cretaceous is represented by thin

packet of variegated marls developed in the Wegglowka
facies. The strata delineate the puy in NE as far as the
San River, where they have been found beneath the Sile-
sian unit in the borehole Trepcza 6. In that section,Lower
Cretaceous is represented by exotics of the sub-Silesian
unit, known from outer streak of the marls. The strata
were traced further to NW where (Grabownica area)
they form a distinct Lower Cretaceous core in the sub-
-Silesian unit, at external side of the Silesian unit. Wdowiarz
found them in similar position north of Brzozéw and at
Domaradz (37). West of the latter, the sub-Silesian unit
is evidenced in the Weglowka tectonic window, in which
two fold cores built of Lower Cretaceous strata are sur-
rounded by Cenomanian—Turonian greenand red shales
and, subsequently, Senonian marls. Middle part of the
window is covered by the Bonarowka patch. Numerous
drillings made in connection with exploitation of oil create
a basis for analysis of deep geological structure of this
form in details. Because of strong reduction of the reserved
limb (Eocene and Menilitic Shales), the whole unit rests
on the Krosno Beds of the Skole unit and amplitude of
thrust is estimated at about 8 km. Top of the Lower Cretace-
ous is lowering down to 1,000 m at 8 km distance and
appears disturbed by some transversal and longitudinal
translocations, with which oil accumulations are related.
The sub-Silesian unit becomes very strongly reduced
in the section east of the Wistok River, where it is known
from depth interval 2,808 -2,936 m (and where Lower
Cretaceous is merely 64 m thick), and amplitude of thrust
exceeds 7 km. The above mentioned borehole Frysztak I,
situated 1.5km west of the Wistok River, penetrated
2,615 m section of the Silesian unit and 200 m thick Weglow-
ka Marls (but without the Lower Cretaceous). ’
Between the Wistok and Wistoka Rivers, the presence
of the sub-Silesian unit is indicated by occasional occur-
rences of the Weglowka Marls in front of the Silesian unit,
which also displays an elongate tectonic window. Geo-

logical mapping (36) showed its presence west of the Wisto-’

ka River. Interpretation of the mapping, supported by
results of drilling Kowalowy (4,261 m), makes it possible
to that the Silesian unit is folded together with the sub-
-Silesian, which seems to be disrooted further within the
Carpathians. The unit, thruncated at major oblique dis-
location of the Biala River line, reappears in the west but
not closer than the Bochnia region and a tectonic window
in southern part of the Silesian unit.

West of the Dunajec River, the sub-Silesian unit is the
outermost one of the Flysch Carpathians. It appears
widely distributed beneath overthrusted Silesian nappe,
often strongly tectonically disturbed and disrupted or
grinded. Its outcrops form two discontinuous belts: a nor-
thern, continuing along the front of the Silesian nappe
from Brzesko to Cieszyn area, and southern, represented
by numerous small -tectonic windows in the Zegocin—
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Lanckorona zone between the Dunajec and Skawa Rivers
and in the Zywiec basin.

Lithostratigraphic inventory of the sub-Silesian series
appears rich and diversified. Sediments formed at markedly
smaller depths than those of the Silesian series are markedly
varying in lithofacies (6, 17). They markedly differ from
coeval strata of the latter, especially in the case of the
Upper Cretaceous and Eocene.

The oldest member of the sub-Silesian unit comprises
the Cieszyn Beds from area west of the Dunajec River,
represented by the Upper Cieszyn Shales (Hauterivian)
only. Higher part of the Lower Cretaceous section com-
prises the Grodzisko Sandstones and Wierzow Shales.
The Albian and Cenomanian are represented by the Gaize
Beds (gaize sandstones with intercalations of shales),
and the Turonian — by overlaying variegated shales.

Diversified marly rocks of the Senonian are highly
typical of the sub-Silesian unit. They include variegated
or, more often, green marls, widely-distributed gray Fry-
dek marls or white marls with hornstones, known as Ze-
gocin marls. The influence of the Silesian facies in the
Upper Senonian is reflected by locally present intercala-
tions of the Istebna sandstones and conglomerates. In
western part of the sub-Silesian unit the Upper Senonian
displays the Szydlowiec sandstones with remains of bryo-
zoans and Lithothamnium fragments, and in the Wa-
dowice and Lanckorona region — the Gorzen Beds de-

. veloped as thin-bedded glauconitic sandstones with in-

tercalations of shales. Glauconitic sandstones and con-
glomerates with exotics, possibly up to 600 m in thickness,
developed in the Zegocina area and known as the Rybie
Sandstones, may be of similar age.

In several areas the whole Paleocene and Eocene of
the sub-Silesian series are represented by variegated marls
and shales, forming together with underlaying Senonian
variegated shales a single marly complex. In the vicinities
of Zywiec, the Szydlowiec sandstones are overlain by
Paleocene and Lower (and partly Upper) Eocene repre-
sented by glauconitic sandstones and brownish-green
shales. The Eocene—Oligocene boundary beds are de-
veloped as the Globigerina Marls horizon, and the Lower
Oligocene — by the overlaying Menilitic Beds: horn-
stones and overlaying .brownish shales. The youngest
member of this unit is formed by the Krosno Beds, here
mainly developed in shaly facies.

Between the Dunajec River and Brzesko, the sub-
-Silesian unit is represented by shreds of variegated de-
posits, thrusted over the Krosno Beds of the Skole nappe.
The next outcrops of this unit are known from area west
of Bochnia, wherefrom is known the Gierczyce scale,
built of Cretaceous marls of the Menilitic and Krosno
Beds. The Chorowice — Sygneczow — Biskupice and Ochoj-
no —Janowice scales, characterized by predominance of
the Godula variegated shales and Weglowka Marls, were
found south of Swoszowice and Wieliczka (4). In area
west of Skawinka there were found minor occurrences
of strata of this unit (mainly Weglowka Marls) only.

In area between Wieliczka and Bochnia, strata of the
sub-Silesian unit are often tectonically disturbed along
with those of the Silesian nappe and, therefore, difficult
to discriminate from the latter. The sub-Silesian unit is
often missing in area between margin of the Silesian nappe
at the Brzesko—Bochnia line and the Lanckorona—Ze-
gocin zone, and the latter unit rests directly on the Miocene
of the Carpathian Foredeep or platform Mesozoic rocks
as shown by e.g. borehole Uszew 1 (2,522 m). The bore-
hole, situated south of Brzesko, encountered Jurassic



and Cretaceous rocks at the depth of 1,915 m.

In tectonic windows of the Lanckorona—Zegocin
zone strata of the sub-Silesian unit are strongly tectonically
disturbed. They display almost the whole lithostratigraphic
inventory of this unit but their succession is difficult to
reconstruct because of slicing and disruption of folds.
J. Burtan differentiated two to three scales in the windows
between Myslenice and Rybie Nowe. They are best known
from the borehole column Wisniowa I1G-1 (2,931 m).
The borehole, situated in the Wisniowa tectonic window,
penetrated 2,268 m sequence of strata of the Silesian
unit, to enter Miocene, Jurassic, Carboniferous and Lower
Paleozoic. The sub-Silesian unit was recorded beneath
the Silesian nappe by drillings Gtogoczéw IG-1 and Po-
tréjna IG-1, and beneath the overthrust of the Magura
nappe — in drillings Trzebunia IG-1. Trzebunia 2. To-
karnia 1G-1, and Sucha IG-1. The two latter boreholes
are about 30 km distant from the northern margin of
the Carpathians.

Distribution of the sub-Silesian unit becomes much
wider than in the above mentioned areas in proximity
of the Skawa River. In the latter area there are differentiated
the Bachowice scale (comprising strata from the Upper
Cretaceous to Eocene) and a higher one, Wozniki scale,
comprising strata of the Lower Cretaceous (including
Cieszyn Shales) and Upper - Cretaceous and plunging
southwards beneath overthrust of the Silesian nappe.
West of Skawina the Wozniki scale is reduced.

The sub-Silesian unit is about 12 km wide at the me-
ridian of Wadowice. Its northern part is built of Lower
and Upper Cretaceous rocks folded, sliced and mixed-up
with various Paleogene ones, and the Szydtowiec scale
is thrusted over it from the south. In area between the
Sota and Olza Rivers, the unit is preserved in the form of
minor scales of Upper Cretaceous and Eocene variegated
shales and marls. Beneath overthrusted Silesian nappe,
strata of the latter are often mixed up with those of the
sub-Silesian unit due to tectonic disturbances.

In the Zywiec tectonic window, strata from the Upper
Cieszyn Shales of the Valanginian age to Oligocene ones
are folded and arranged into steeply inclined scales (3).
South of the window borehole Bystra 1G-1 (3,787 m)
found strata of the sub-Silesian unit resting on Miocene
directly overlaying metamorphic -basement.

Andrychéw klippen. Five large klippen rest on strata
of the sub-Silesian unit and beneath the overthrusted
Silesian nappe. They are built of crystalline rocks (mylo-
nites and granitogneisses) and Senonian, Paleocene and
Eocene limestones. The Jurassic is here represented by
stratified Oxfordian and Tithonian limestones with horn-
stones and Tithonian reef limestones. The rocks are trans-
gressively overlain by Senonian conglomerates and lime-
stones and marls. The Paleocene and Lower and Middle
Eocene is represented by organogenic limestones. The
klippen most probably come from an elevation of base-
ment, delineating sedimentary basin of the sub-Silesian
unit in the south. They have been torn-off by northwards
moving Silesian unit, transported at its base and thrusted
over on the sub-Silesian unit along with this nappe (20).

Skole nappe, known before the w. w. Il as the Skiba
_ Unit, occurs in the contact zone of the Flysch and Car-
pathian Foredeep in large part of the Polish Carpathians.
The contact zone is the major trap, with which appear
connected methane-rich gas deposits in the Badenian,
especially Lower Sarmatian, so it has been favoured in
prospecting for gas. The other zone, in which the deepest
(as for the Carpathian standards) drillings have recently

been initiated, is that of eastern part of the Przemysl—
Ustrzyki Dolne area (sensu lato). Analysis of the avail-
able data and results of both exploratory and economic
drillings made in NW Ukrainian Carpathians suggest
that the Borystaw —Pokucie unit, the major oil-bearing
zone in the Carpathians, should extend into the area of
that zone in Poland.

The available data show that boundary of the Skole
nappe and Silesian and sub-Silesian units is difficult to
draw with accuracy as the latter loose their characteristic
lithostratigraphic and tectonic features in this area. The
zone was undoubtedly characterized by the maximum
downwarp of the basement and, therefore, the maximum
depth of the Flysch basin. It was reached by minor
quantities of material forming lower part of the Flysch
section only. The Krosno Beds, known to be mainly formed

-due to supply of material from the west and north-west,

evened the resulting differences in lower part of the section.
Influence of material supplied from outer frames of the
Flysch basin becomes clearly when we move to in outer
part of the Skole nappe.

It should be repeated here that section of the Skole
unit begins with Hauterivian marls and overlaying Barre-
mian — Albian Spas shales. Upper Cretaceous Inocera-
mian Beds, underlain by variegated shales (usually about
a dozen meters thick) and siliceous marls (about 200 m
thick), are the major member of this unit. Momover, the
Cisowa Beds develop SW of Przemysl. The Inoceramian
Beds of middle part of the nappe display thick-bedded
sandstones (1 —3 complexes) and, at the top of the latter,
Baculites marls. Total thickness of the strata is varying
from 1000 to 2000 m (SW of Rzeszoéw). The Eocene is
represented by variegated shales and Hieroglyphic Beds,
and the Oligocene — by Menilitic Shales and Krosno
Beds. The age of the uppermost part of the latter and,
therefore, the time of uplift and major folding of the Car-
pathian Flysch zone are-beyond the scope of this paper.

The Skole nappe may be easily subdivided into two
parts differing in structure: an inner, characterized by
predominance of the Krosno Beds strata and older ones
limited to cores of steep narrow anticlines, and outer,
mainly built of Upper Cretaceous strata arranged in anti-
clines which pass into scales in marginal zone of the nappe.

Three drillings made in the inner part markedly con-
tributed to the knowledge of its structure. The borehole
Jasien IG, localized in proximity of the innermost narrow
and vertical fold SE of Ustrzyki Dolne, penetrated the
Inoceramian Beds of its core at the depth of 3,885 m to

- encounter Krosno Beds down to the depth of 4,518 m.

The latter is regarded as related to a syncline marked NE of
the fold (Fig. 2a). The suggestion of K. Zytka (1972},
according to which they may be treated as belonging to
a deep-seated element of the Borystaw—Pokucie zone,
appears inacceptable in the light of structural analysis
of the area. '
The borehole column Paszowa 1 (P.), the deepest in
the Polish Carpathians (7,210 m deep), is of decisive im-
portance for understanding structure of the area. The bore-
hole was localized at the first fold of the unit, 3.4 km
NE of Lesko. Down to the depth of 4,300 m it was drilled
in the Krosno Beds (including 2,000 m sequence belong-
ing to reversed limb of the fold), entering thereafter strata
of normal, south-western limb of the second fold: at the
depth of 4,300 m — Krosno Béds, at 5,000 m — Menilitic
Shales with Kliwa sandstones, at 5,220 m — Hieroglyphic
Beds and Eocene variegated shales, at 7,050 m — Inocera-
mianr Beds, with intercalations of colourful shales in upper

325



part, and at 7,210 m — siliceous marls, known to represent
the lowermost member of the Inoceramian Beds in several
sections of this unit (Fig. 2b).

The lithostratigraphic succession of the borehole Pa-
szowa 1 downwards from the depth of 2,000 m is undoub-
tedly normal of the Skole unit, and familiar from numer-
ous sections in this part of the country and adjoining areas
SE of the state "boundary. It may belong to two folds:
Wankowa Kopalnia and Chwaniow —Wara. Inner part
of the Skole unit is characterized by a trend to backward
lean in near-surface part of SW limb, responsible for
origin of interesting oil trap along the Wankowa fold.

Of the results of the drilling Paszowa 1, attention should
be mainly paid to the finding that inner part of the unit
plunges at large depths, making difficult estimations of
depth at which the base of the Flysch may be encountered
(at 10 km depth?). In the Leszczawka syncline, outside
of the Chwaniéw fold, 8 km NE of Lesko, there is situated
another borehole, Kuzmina. Deep outline of that form
seems to confirm that base of the Flysch is actually situated
at large depths.

The third borehole important for the knowledge of
geological structure of the zone, Brzegi Dolne IG
(B.D.), 5,440 m deep, was localized in a shallow syncline
between the Wankowa Kopalnia and Chwaniéw folds,
4.2 km NE of Ustrzyki Dolne. It penetrated to the depth
of 2,740 m (Fig. 2a) and, after passing through a narrow
synclinal wedge, it encountered the Inoceramian Beds
down to its base. Lower part of the latter was interpreted
as the Cisowa Beds (from the depth of 5,023 m down-
wards). The borehole is 17.4 km distant from the margin
of the Carpathians and the cross-section shows arrange-
ment of reflexes consistent with that of the strata, not
revealing base of the Flysch nor the Borystaw—Pokucie
zone, penetration of which was the aim of the borehole.

It should be stated that the above mentioned fold marks
the onset of changes in the style of structure of the Skole
unit, continuing up to contact of the unit and foreland.
Upper Cretaceous strata, especially those of the Inocera-
mian Beds, dominate there. They built wide folds, attain-
ing form of scales (skiba) separated by narrow synclines
filled up with Eocene rocks and Menilitic Shales. In some
folds the Spas shales and, occasionally, Lower Cretace-
ous Belwin marls occur in cores or in direct foreland. This
scale (skiba) style becomes typical of outer part of the
Ukrainian Carpathians and is the reason of naming it as
the ““skiba” unit. Seven elements of that type were differen-
tiated in the Strwiaz (Ustrzyki Dolne —Chyrow) cross
section.

The scale (skiba) fold bunch widens up to 29 km in
the Przemys$l transversal section. The skiba style remains
distinct in outer part of that zone, 22 km wide, whereas
synclinal forms (Bircza) appear in the inner part. The
latter widens to NW as far as the San River bend near
Dynow. In area 18.5km SW of Przemy$l and 12.5 km
of the southern margin of the Carpathians, borehole Ci-
sowa IG-1 (4,367m deep) began exploration of deep
structure of the Skole unit (38). The borehole penetrated
the Flysch strata at the depth of 4.010 m, confirming their
skiba structure and under cutting of individual elements
by thrust plane. The Stebnik unit is merely 70 m thick

there, resting directly on 248 m thick autochtoneous’

Upper Badenian strata representing cover of Precambrian
phyllitic shales. The borehole Leszczyny was made a few
years later 5.2 km from the Carpathian margin. It pe-
netrated the Flysch at depth of 3,000 m, and the Stebnik
unit at 4,300 m. This shows that both drillings failed to
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encounter the Flysch of the Borystaw—Pokucie unit,
which- will be discussed below.

Another important borehole, Bachorzec 1, was localized
21 km W of Przemysl and 15 km SW of the Carpathian
margin. After penetrating the Flysch sequence (with about
1,300 m packets of the Spas shales at the base), it entered
Precambrian phyllitic shales at the depth of 4,050 h,
marking inner boundary of extent of the autochtoneous
Miocene (41). North and north-west of the area there were
made over a hundred drillings in connection with search
and exploitation of gas. The drillings penetrated the Flysch
sequences making it possible to compile a map of isobaths of
the base of the Skole unit and to extend it over areas as far
as W state boundary (S. Wdowiarz, 1976). The map has
been compiled on the basis of data from over 160 drillings.

The Carpathian margin is widely known to set 26 km
forward to the north at the Dobromil —Przemysl line,
forming so-called Przemysl sigmoid. Taking all the details
aside for a moment, we would like to cite an opinion from
1976 (l.c.): (the latter) “‘is most probably due to sudden
reduction in thickness of the Istebna Beds westwards of
a transversal rise nowadays buried beneath the Flysch”.
External elements of the Flysch are set forward to the
north, in direction of Rzeszéw, which is accompanied
by some reduction of their inner parts and, therefore, in -
width of the whole unit to about 25 km. In the Przemysl —
Rzeszow section the course of thrust planes in the Flysch
remains undisturbed and first northward shifts are found
at the outskirts of Rzeszow.

Borehole data explained several questions concerning
thickness and development of Miocene strata resting on
the Flysch in the form of so-called Rzeszow embayment,
15 km wide and up to 1,000 m deep in the south. The bore-
hole Mogielnice, situated in that area, penetrated the
Flysch at the depth of 3,250 m, and the Geological Institute
borehole Babica (3,426 m deep) showed that deep structurg
of the Flysch may be explained in terms of two folds of
Cretaceous rocks superimposed on one another. Core of
the deeperseated fold appeared to be built of the Spas
shales with 5% share of sandstones (Fig. 2c). Similarly,
the base of the Flysch was recorded at 3,300 m depth in
borehole Zglobien, west of Rzeszow. SW of that town
inner part of the Skole unit forms a depression (Strzyzew
depression), up to 15 km wide and almost exclusively
infilled with the Krosno Beds.

The Skole unit forms about 10 km wide puy built of
Cretaceous rocks and displaying secondary synclined filled
up with the Eocene, as far as the Wistoka River valley.
Basal surface was recorded in a few drillings in this 75 km
section. Borehole Szufnarowa, situated between the Wistok
and Wisloka Rivers, penetrated 3,770 m sequence of the
Flysch, and borehole Kowalowy, situated SW*of Pilzno,
3,570 m sequence. The former further penetrated 500 m
of the Badenian to encounter Malm and Dogger rocks,
and the latter — 690 m of the Badenian with 150 m packet
of conglomerates at the base. The thurst plane, steep in
front part of the Skole unit, becames markedly gentler
inclined towards the interior of the Carpathians. In western
part of the area, the Skole unit is almost completely obscured
by a thick (up to 1,000 m thick) Badenian cover at distance
of over 5 km.

The Skole unit crops out at the surface due to above
mentioned oblique dislocation of the Biata River line.
In that area it is almost exclusively built of Cretaceous
rocks, mainly the Inoceramian Beds, which rest on the
Badenian. Disturbances traceable at the surface are partly
accompanied by large dislocations which cut basal part



of the unit. A trend to complete disrooting of the unit
may be noted (borehole Brzozowa 1). The unit completely
disappears in the Tarnéw —Brzesko section and, taking
into account its lack in borehole columns situated firther
to the west, S. Wdowiarz treats this section as western
boundary of the Skole basin.

The Skole unit forms the Carpathian margin at distance
of about 200 km so the recorded phenomena and relations
to the basement may be treated as representative for the
whole question of the contact of the Carpathians and their
foredeep in Poland. S. Wdowiarz (1976) presented the
following conclusions. The surface of the Carpathians
(Skole unit) overthrust is continuous, except for three places
in the Rzesz6w and Tarn6éw region. Shape of the surface
generally depends on the basement but appears independent
from it in details. Depth of occurrence of this surface
decreases from the east westwards but all the culminations
and depressions marked in the Flysch are most probably
accidental as the original Carpathians have been formed
some tens .km further to the south, undér unknown
structural conditions, and subsequently displaced to their
present position.

Stebnik unit plays important role in structure of the
direct foreland of the Ukrainian and Romanian Carpa-
thians. Because of its geometry it should not be assigned
to the Carpathian Foredeep (inner part of the foredeep
as interpreted by Soviet geologists) but rather the Carpa-
thian orogen. In Poland it crops out SE of Przemysl and
attains 17 km in width at the state boundary. Borehole
"data show that it is thrusted over autochtoneous Upper
Miocene strata on both sides of the boundary.

Section of the Stebnik unit comprises (from the base
upwards): salt-bearing . clays of the Worotyszcze Beds
(Aquitanian? and Burdigalian), Stebnik Beds about
2,000 m thick (Carpathians), and Badenian and Upper
Sarmatian (?) strata of similar thickness. In area of Poland
the strata build three anticlinal elements (41), separated
by synclines and strongly inclined to NE. I regard Me-
nilitic Shales found at the base of frontal part of this unit
in SE as olistolites. The Stebnik Beds represent the major
component of the section.

The above mentioned borehole Leszczyny appears
also important for reconstruction of western extension
of the Stebnik unit. S. Wdowiarz states that the borehole
penetrated beneath the Flysch a 1,300 m sequence of the
Stebnik Beds which undoubtedly form a laying synclinal
bend (Fig. 5). The strata rest on rocks most similar to the
Badenian but the age of which remains disputable because
of the lack of micropaleontological record. The above
data make it possible to assume that the Stebnik unit

wedges out westwards of the boreholes Cisowa IG . (l.c.)

and Leszczyny 1. However, this is not the case of marginal
part of the Carpathians as borehole data show presence
of a narrow streak of the Stebnik Beds (or rather its upper
part — the Balice Beds) along the front and beneath the
Flysch NW of Przemysl. The strata contact those of auto-
chthoneous Lower Sarmatian, gently dipping northwards.
Strata of the Stebnik unit reappear in the same position
east of Rzeszéw (Albigowa) whereas clay Lower Badenian
strata appear in place of the Balice Beds in area of that
town. The strata possibly represent a separate unit which
extends southwards as a packet some tens m thick directly
beneath the Flysch. g

The Balice Beds were found further westwards at
Ropczyce, where they locally form a southwards dis-
rooted exotic several hundred m thick. Towards Tarnéw
the role of the Stebnik unit is taken by intensively folded

Badenian strata. The zone widens to a few kilometers
west of the Dunajec River, where salt deposits appear
at its base. The Balice Beds were found once more between
the Flysch-and that zone at Brzesko, 30 km west of Tar-
néw. The extension of this unit of the folded Miocene is
represented by the widely described Gdow “embayment”,
where Lower Badenian strata are over 1,000 m thick, and
the Wieliczka folds.

Analysis of over a dozen geological cross sections
compiled by me (four of which are shown here) indicates
that the hypothesis of gravitational tectonics of the Car-
pathian Flysch zone, put fowards by some authors, can-
not be accepted. S. Wdowiarz fully accepts M. Ksiazkie-
wicz (1972) doubts concerning these interpretations.

The question of NW extension of the Borystaw—
Pokucie zone in the Polish Carpathians has been widely
discussed in the last thirty years, especially when some
deep drillings were made in the Przemysl — Ustrzyki Dol-
ne zone. The drillings showed that the zone may be most
probably encountered SW of the above mentioned bore-
hole Leszczyny, i.e. towards the interior of the Carpa-
thians from the Stebnik zone.
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STRESZCZENIE

IV Kongres Karpacko-Batkanskiej Asocjacji Geolo-
gicznej, ktory w 1963 r. odbyl si¢ w Polsce, przedstawit
dorobek Polskiej Geologii przede wszystkim w dziedzi-
nie stratygrafii utworéw fliszowych, ich sedymentacji oraz
odtworzenia warunkoéw paleogeograficznych i batymetrycz-
nych zbiornika fliszowego. Wynikiem tych prac stata sig
wydana na kongres znakomita praca pigciu autoréw ,,Stra-
tigraphie des Karpathes externes polonaises’” — F. Bieda
et al. (1963) oraz ,,Atlas geologiczny Polski. Zagadnienia
stratygraficzno-facjalne. Zeszyt 13, Kreda i starszy trze-
ciorzgd w polskich Karpatach zewngtrznych” opracowany
przez 14 autoréow pod redakcja M. Ksiagzkiewicza.

Wieloletnie prace kartograficzne w Karpatach znalazty
swo0j wyraz w Mapie geologicznej Karpat polskich w skali
1:200 000 opublikowanej w 1958 r. przez Instytut Geo-
logiczny (cze$¢ zachodnia S. Sokotowski, czgs¢ wschod-
nia H. $widzinski). Na mapie tej dokonano po raz pierwszy
rejonizacji tektonicznej strefy fliszowej. Za jej objasnienie
mozna uwaza¢ tom ,,Karpaty” w Regionalnej Geologii
Polski z 1953 1. z tekstami M. Ksiazkiewicza i H. Swi-
dzinskiego.

W 1963 r. syntezg tej strefy w Karpatach pdtnocnych
1 wschodnich podat S. Wdowiarz, a M. Ksiazkiewicz
w 1972 r. szczegotowo scharakteryzowal tektonike Karpat
polskich. W ramach prac KBAG dla mapy tektonicznej
Karpat i Batkanéw L. Koszarski, W. Sikora i S. Wdowiarz
(14) przygotowali odpowiednia mape jak rowniez i tekst.
Za. ostateczne mozna uzna¢ nazwy poszczegdlnych ele-
mentéw strefy fliszowej i brzmia one nastgpujaco: 1)
ptaszczowina magurska, 2) jednostka przedmagurska, 3)
jednostka dukielska, 4) plaszczowina §laska, 5) jednostka
podslaska, 6) ptaszczowina skolska, 7) jednostka fliszu
zewnetrznego, 8) jednostka stebnicka.

Od przygotowania ostatniej pracy doszlo wiele nowych
danych z coraz glgbszych otworéw gornictwa naftowego
i Instytutu Geologicznego (Oddzial Karpacki). Uznano
zatem za celowe podanie uczestnikom XIII Kongresu
Karpacko-Batkanskiej Asocjacji Geologicznej uzyskane
wyniki, w tym rowniez w podozu zewnetrznej czesci strefy
fliszowej, jak i w zapadlisku przedkarpackim. O ilosci
naptywajacych materiatdow moze $wiadczy¢ ponad 160
otworow wykorzystanych przez S. Wdowiarza w pracy



Polska delegacja na XI ‘Kongres Karpacko-Balkanskiej Asocjacji Geologicznej w Kijowie w 1977 r. Od lewej: A. Radomski,
J. Czernicki, I. Gucwa, P. Karnkowski, S. Wdowiarz, J. Kotlarczyk, D. Poprawa, E. Jawor, S. Jucha, A. Jerzmanska,
K. Zytko, S. Ggsiorowski

z 1976 r. Do dzisiaj liczba ich, uwzgledniajac - rOwniez
otwory zlokalizowane ku wngtrzu Karpat, zblizy si¢ do
300. Od strony przemyslowej wysilek ten uwieniczylo od-
krycie znacznych zasobdéw gazu.

Plaszczowina magurska jest najbardziej wewngtrzna
jednostka wyzszego rzedu w polskich Karpatach fliszo-
wych nasunigta na utwory jednostki dukielskiej na E oraz
ptaszczowiny §laskiej i jednostek strefy przedmagurskiej
w czeSci srodkowej i zachodniej. Najstarsze jej utwory
poznane w rejonie okna tektonicznego Mszany Dolnej
i w otworze Obidowa IG-1 reprezentuja alb i cenoman.
W turonie wyksztalcity si¢ tupki pstre, a w senonie i paleo-
cenie szeroko rozprzestrzenione warstwy ropianieckie (ino-
ceramowe). WyroOznienie w eocenie stref facjalnych, na
ktére w czasie faldowania osadéw natozyly si¢ struktury
tektoniczne, pozwolilo wydzieli¢ w plaszczowinie magur-
skiej pig¢ podjednostek.

Poczawszy od S sa to podjednostki: krynicka, bystrzyc-
ka, raczanska, Siar i harklowska. Podjednostke krynicka
charakteryzuje obecno$¢ w calym eocenie piaskowcow
magurskich w facji muskowitowej. Podjednostke bystrzyc-
ka wyrozniaja warstwy beloweskie i warstwy fackie (margle),
a raczanska warstwy hieroglifowe. We wszystkich tych
podjednostkach w goérnym eocenie wystepuja piaskowce
magurskie w facji muskowitowe;.

W podjednostce Siar w dolnym i $rodkowym eocenie
rozwinety si¢ pstre tupki, natomiast w eocenie gérnym
i oligocenie litologicznie podobne do siebie warstwy pod-
magurskie i nadmagurskie rozdzielone piaskowcami ma-
gurskimi w facji glaukonitowej. Strefa harklowska posia-
da zblizony profil, lecz brak w niej ogniwa piaskowcow
magurskich, a osady eocenu goérnego i oligocenu sa bar-
dziej margliste. Na E od Dunajca najmtodszym ogniwem
we wszystkich podjednostkach sa warstwy malcowskie,
stanowigce facjalny odpowiednik warstw kro$nienskich.

Ostatnio zostatly one wyrdznione takze na Podhalu i Ora- '

wie w podjednostce krynickie;j.

Plaszczowina magurska pofaldowana jest w liczne syn-
kliny i antykliny, a ponadto w niektérych miejscach w jej
obrebie rozwinely sie wewnetrzne zluznienia. Antykliny
sa na ogodl waskie i czesto ztuskowane, synkliny za$ sze-

rokie i ptaskie. Na W od Skawy osie struktur fatdowych’

przybieraja kierunek SN—NE, pomiedzy Skawa a Dunaj-
cem W —E, a na E od Dunajca zaczynaja stopniowo skre-
ca¢ ku S. W najbardziej wschodniej (na terenie Polski)
czeéci plaszczowiny magurskiej faldy przybieraja kieru-
nek NW —SE, wykazuja duza regularno$¢ i strome usta-

wienie. W obrebie plaszczowiny magurskiej wystepuje
kilka okien tektonicznych, z ktoérych najwieksze jest okno
Mszany Dolne;.

Od S ptaszczowina magurska oddzielona jest od pie-
ninskiego pasa skatkowego ostrym, stromym kontaktem
tektonicznym. Jej pdinocny brzeg natomiast jest erozyjny
i posiada urozmaicony przebieg. W cze$ci brzeinej gru-
bos¢ tej ptaszczowiny wynosi od kilkudzesigciu do kilku-
set metrow, a w bardziej wewnetrznych cze$ciach, w gle-
bokich otworach stwierdzono grubosci 1500 —2600 m, a w
strefie przypieninskiej na podstawie danych sejsmicznych
ponad 4000 m.

W obrebie ptaszczowiny magurskiej rozwingly si¢ na
terenie polskich Karpat fliszowych dwa zapadliska $rod-
gorskie wypeinione osadami neogenu i czwartorzedu.
Sa to Kotlina Nowotarsko-Orawska i Kotlina Sadecka.

Jednostka dukielska zajmuje polozenie przejsciowe po-
migdzy plaszczowinzi magurska a S$laska: rozwdj kredy
gornej i paleocenu jest zblizony do jednostki magurskiej,
a mlodszego paleogenu do $laskiej. Wykazuje ona maksi-
‘mum wypietrzenia w czesci wschodniej, nurzajac si¢ w
kierunku NW i chowajac sig¢ w koncu pod ptaszczowing
magurska. Szerokos¢ tej jednostki przekracza 40 km, a w
obrebie jej wyr6zni¢ mozna dwie podjednostki oddzie-
lone od siebie walna plaszczyzna nasunigcia oraz rézniace
si¢ stylem tektonicznym. Dane pochodzace z ostatnio
wykonanych glebokich wiercen (Jasliska 2 i Zboj 1 na Sto-
wacji) wskazuja, ze plaszczyzna nasunigcia poczatkowo
zapada stromo, a nastgpnie, na glebokosci ponizej 3000 m
wyplaszcza si¢. Minimalny, stwierdzony zasigg nasunie-
cia wynosi na S od Wetliny ok. 15 km, natomiast na W od
Dukli (fatld Skalnika) praktycznie spada do 0. Wskazy-
watoby to, ze jednostka dukielska w czasie ruchéw na-
suwczych wykonala rotacje lewoskretng lub przedpole
uleglo rotacji prawoskretnej podsuwajac si¢ pod te jed-
nostke.

W bardziej zachodniej czg$ci Karpat jednostka dukiel-
ska, a przede wszystkim jej cze$¢ wewnetrzna ukazuje sig
w szeregu okien tektonicznych. Reprezentuja one w rzeczy- -
wistosci porwaki tektoniczne przefaldowane wspoélnie z
plaszczowing magurska, oderwane od podioza i przesu-
nigte ku N. Zwiazek jednostki dukielskiej z jednostka
Obidowej — Stopnic hie zostal jeszcze catkowicie wyjasnio-
ny, aczkolwiek istnieje duze prawdopodobienstwo, ze ta
ostatnia reprezentuje nieco odmiennie wyksztalcona czg§é
jednostki dukielskie;j.

Jednostka przedmgguiska w zachodniej czesci Karpat
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polskich wydzielona jest u czota nasunigcia plaszczowiny
magurskiej pomigdzy Sporyszem kolo Zywca na E a Ko-
niakowem i Istebng na W. W jej obregbie wyrdzniono dwie
serie — polnocng i poludniowa, budujace dwie odrebne
tuski tektoniczne, z ktorych poéinocna nasunigta jest na
ptaszczowing §laska, a potudniowa tektonicznie porozry-
wana i wprasowana w pdinocna. Senon i paleocen obu serii
jest reprezentowany przez warstwy ,kredy biotytowej”,
a wyzsza czg§¢ paleocenu i eocen przez utwory margliste
oraz lupkowe, czesto pstre. W poludniowej serii w eocenie
wystepuja roéwniez piaskowce i zlepience, oligocen na-
tomiast reprezentuja wapienie koniakowskie (luzanskie)
i utwory podobne do warstw podmagurskich. W serii pot-
nocnej oligocen reprezentowany jest przez warstwy meni-
litowe i krosnienskie.

W oknie tektonicznym Mszany Dolnej takze wyroz-
niono dwie serie zwigzane z dwoma elementami tektonicz-
nymi. W poludniowym (zredukowanym tektonicznie) wy-
rozniono wsrod kredowych utwordw warstwy lgockie,
piaskowce cisnianskie i warstwy ,.kredy biotytowej”, a w
paleogenie pstre tupki, wapienie tuzanskie i warstwy kros-
nieniskie. W serii poinocnej, ktora jest sfaldowana w kilka
synklin i antyklin, pod seria menilitowo-kro§nienska stwier-
dzono utwory ,,czarnego eocenu”, warstwy hieroglifowe,
pstre tupki i warstwy ,kredy biotytowej”. Okno tekto-
niczne Mszany Dolne;j jest struktura stanowiaca tektonicz-
ne wyniesienie podtoza plaszczowiny magursKiej, ograni-
czone duza dyslokacja od S, a ku W kontynuujace si¢ pod
nasunigciem magurskim po linig¢ Skawy.

W oknie Klgczan —Pisarzowej wyrodzniono silnie za-
burzona seri¢ o eocenie i oligocenie litologicznie zblizo-
nym do poéinocnej serii okna Mszany Dolnej. Obecnosé
w serii menilitowo-krosnienskiej lupkow grybowskich, pias-
kowcow cergowskich i wapieni luzanskich, a w eocenie
warstw podgrybowskich §wiadczy, ze seria ta nawiazuje
profilem do serii jednostki grybowskiej w oknach tekto-
nicznych w rejonie Grybowa i Ropy. Na N od niej wy-
stepuje tzw. luska Kurowa, w ktérej obecne sa utwory
dolnokredowe wraz z gornymi lupkami cieszyfskimi,
a w eocenie piaskowcowo-tupkowe warstwy kleczanskie.

Jednostke grybowska wyrézniono pod plaszczowing
magurska w glebokich otworach Obidowa 1G-1, Chabow-
ka 1, Stopnice-1 i 20, gdzie grubos¢ jej dochodzi od 500
do 1000 m. Fakt ten, jak tez odlegtosci migdzy znanymi
jej stanowiskami pozwala przypuszczac, ze jest ona szeroko
rozprzestrzeniona pod nasunigciem plaszczowiny magur-
skiej.

Z wymienionych wyzej otworow poznana zostala tek-
tonicznie nizsza od grybowskiej jednostka, ktérej nadano
nazwe jednostki Obidowej—Slopnic (jednostka fliszu ze-
wnetrznego). Rozpoznany profil jej osadéw o miazszosci
ok. 2000 m, obejmujacy interwal od senonu dolnego po
dolny oligocen, nawiazuje facjalnie do profilu jednostki
dukielskiej, a odréznia si¢ od nigj jedynie kompleksem
utworow ,,czarnego eocenu” liczacym 500 —700 m migz-
szosci. Utwory tej jednostki sa nachylone na ogét pod
katem 20—30° i nie wykazuja silnigjszych zaburzen tekto-
nicznych.

Plaszczowina §lgska odgrywa podstawowa rolg w bu-
dowie geologicznej strefy fliszowej Karpat. W 1963 r.

Stanistaw Wdowiarz wyrazil opini¢, ze na SE od naszych.

granic przediuza si¢ ona w Karpatach ukrainskich (jed-
nostka Kostrzycy-Skupowej i Czarnohory) oraz rumun-
skich (jednostka Audia). W tej czgSci wewngtrzna granice
ptaszczowiny wyznacza jednostka dukielska, natomiast
granica zewngtrzna moze by¢ tylko ekstrapolowana w sze-
rokiej na 27 km strefie zbudowanej wylacznie z warstw
kro$nienskich. Ku NW wyznacza ja w faldzie Rabego
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waska smuga tupkéw i margli pstrych, z ktorej na tere-
nie Zaluza wynurza si¢ kreda dolna w facji Slaskiej.

Granice te wyznaczaja centralne synklinorium Karpat,
tj. obnizong cze$¢ plaszczowiny Slaskiej. Na wschodnim
odcinku skiada si¢ na nie siedem elementow antyklinal-
nych, zbudowanych ze zréznicowanych warstw krosnien-
skich, tylko w wewngtrznej czeSci synklinorium nawier-
cono utwory starsze (Zatwarnica). Stad ku NW w basenie
zrodlowym Hoczewki pojawiaja sig na diugosci 10 km
utwory kredy dolnej i gornej w facji §laskiej jako tuska
Bystrego. Aczkolwiek poszczegélne elementy zostaly prze-
sledzone co najmniej do doliny Wisloki, to jednak ich bu-
dowa ulega znacznym zmianom. Najogoélniej ich osie
podnosza si¢ ku NW, a amplituda tych ruchéw przekra-
cza na niewielkich przestrzeniach nawet 3000 m.

Charakterystyczna jest budowa elementu Besko —Eub-
no, ktory miedzy Wistokiem a Wistoka przechodzi w na-
sunigcie o amplitudzie do 5 km. Natomiast budowe ele-
mentow skrajnych w stosunku do osi synklinorium ce-
chuje wybitna dysharmonia wyrazona budowa komi-
nowa goéornych czeéci faldow w stosunku do spokojnych
czgéci jadrowych. Szczegoly tektoniki poszczegdlnych ele-
mentdéw zostaly wyjasnione dzeki glebokim wierceniom.
Utwory kredy dolnej buduja czotowa czgs¢ jednostki,
ktéora na N od Krosna przybiera charakter nasunigcia
o amplitudzie do 10 km. Ta budowa utrzymuje si¢ dalej
ku W, przy czym poszczegblne elementy ulegaja splyce-
niu. Dotyczy to rowniez faldu Gorlic, ktérego skompli-
kowana budowa zostala wyjasniona po wykonaniu kilku
wiercen.

Najbardziej zachodnia czg$¢ centralnej depresji kar-
packiej stanowi synklina Bobowej, wypelniona warstwa-
mi kro$nienskimi, ktora ograniczona jest od S antykling
Jankowej, a ku N przechodzi w rozlegly fald Roznowa —
Cigzkowic, w ktorego budowie istotna role odgrywaja
warstwy godulskie, istebnianiskie i piaskowce cigzkowickie,

Fald Roznowa nasunigty jest ku N na fald Czchowa,
w ktorym tez dominuja utwory gérnokredowe.

Pomigdzy Dunajcem a Skawa plaszczowina S$laska
dzieli si¢ na dwie jednostki o charakterze rozlegtych syn-
klin wtérnie pofaldowanych. Jednostka péinocna — dol-
na rozwinigta na obszarze Pogoérza Wisnickiego i Lanc-
koronskiego stanowi gtéwny pien plaszczowiny S§laskiej.
Jest ona rozcztonkowana na wiele niecek i plaskich syn-
klin, wypelnionych warstwami kro$nienskimi, rozdzielo-
nych strukturami antyklinalnymi, zbudowanymi z warstw
godulskich oraz istebnianskich. Wzdluz poinocnego jej
brzegu, ukazuja si¢ tez utwory dolnej kredy z gdrnymi
tupkami cieszynskimi wiacznie. Jednostke gbérna stanowi
nasuni¢ta uko$nie na dolng, tzw. Kra Pogorza Lanckorof-
skiego. Jest to synklina wypelniona warstwami istebnian-
skimi i godulskimi. Od linii dyslokacyjnej Skawy ku E
synklina ta zweza si¢, a w rejonie Myslenic zanika.

Zaré6wno dolna, jak i gorna jednostka ograniczone sa
od S antyklinalng strukturag zwana strefag lanckoronisko-
-zegocinska kontynuujaca si¢ ku W jako przedtuzenie
faldu Czchowa. Stanowi ona stromy fald, w ktoérego ja-
drze ukazuja si¢ w licznych oknach tektonicznych utwory
jednostki podslaskiej. Jego poinocne skrzydio buduja
warstwy wierzowskie, lgockie i godulskie, a potudniowe,
ktore jest czgsto podcigte i nasunigte na jadro fatdu buduja
warstwy krosnienskie oraz inne ogniwa paleogenu i kredy.

Na W od Skawy plaszczowing $laska cechuje najpet-
nigjszy rozwdj osadoéw kredowych. Warstwy cieszynskie
wystepuja tu jako dolne tupki cieszynskie tytonu, wapie-
nie cieszynskie beriasu i gorne tupki cieszynskie wieku
walanzyn —hoteryw. W gornej kredzie i paleocenie rozwi-
nat si¢ potezny kompleks w przewadze piaskowcowo-



-zlepiencowy, zbudowany z warstw godulskich i istebnian-

. skich, ktérego laczna migzszo$¢ moze osiaga¢ 3500 m.
W spagu sztywniejszego kompleksu warstw godulskich
doszto do odklucia ich od nizejleglych dysharmonijnie
sfatdowanych utworéw, wérod ktorych istotna role odgry-
waja tupki cieszynskie dolne. W ten sposéb doszio do roz-
dzielenia ptaszczowiny $laskiej na dolng cieszynska i gorna
istebnianska.

Jednostka podslgska jest SciSle zwigzana z jednostka
S$laska, przy czym przechodzenie w czgéci wschodniej
utwor6éw kredy gornej w jedng facje utrudnia rozdzielenie
obu jednostek. Ich granicy mozna si¢ doszukiwa¢ na NE
od Leska, gdzie wystgpuje waska smuga margli weglo-
wieckich po zewngtrznej stronie jednostki $laskiej. Zostaty
one réwniez przewiercone w profilu Sanu, gdzie stwier-
dzono obecnos¢ w marglach kredy dolnej w formie porwa-
kow. Jednostkg podslaska $ledzono nastgpnie w obszarze
Grabownicy i Domaradza i dalej na W w Weglowce, gdzie
wychodzi ona na powierzchni¢ w znanym oknie tektonicz-
nym z kreda dolng w podwdjnym fatdzie.

Wierceniami stwierdzono, ze lezy ona na warstwach
krosnienskich jednostki skolskiej, amplituda nasunigcia
wynosi tu ok. 8 km. Stwierdzono réwniez, iz jadro dolno-
kredowe zanurza si¢ ku W i ulega prawie zupelnej redukcji.
W profilu Wistoka zalega ona ponizej 2800 m i ma za-
ledwie w catosci 128 m miazszos$ci przy amplitudzie nasu-
nigcia 7 km.

Miedzy Wistokiem a Wistoka sygnalizuje ja spora-
dyczne wystapienie margli weglowieckich u czota jednostki
Slaskiej lub w oknach tektonicznych. Ten styl utrzymuje
si¢ po rzeke Biala, gdzie wielka dyslokacja ucina te jed-
nostke. Ukazuje si¢ ona na powierzchni dopiero w okoli-
cy Bochni i w oknie tektonicznym wewnatrz jednostki
slaskiej.

Na W od Dunajca jednostka podslaska jest najbardziej
zewnetrzng jednostka fliszowa Karpat polskich, nasunie-
ta na utwory miocenu zapadliska przedkarpackiego. Je-
dynie jeszcze w rejonie Brzeska rozerwane platy. utwo-
row tej jednostki leza na warstwach kro$nienskich ptaszczo-
winy skolskiej. Litostratygraficzny inwentarz jednostki
podslaskiej w jej zachodniej czeéci jest zroznicowany i wy-
raznie odroznia si¢ swym rozwojem od utwordw jednostki
Slaskiej, a zwlaszcza utworami gérnej kredy, paleocenu
i eocenu, wyksztalconymi w facjach marglistych lub ilasto-
-marglistych.

Na powierzchni jednostka ta ukazuje si¢ wzdtuz pot-
nocnego brzegu Karpat, u czola nasunigcia ptaszczowiny
magurskiej, a takze w licznych oknach tektonicznych, w
obrebie plaszczowiny §laskiej, z ktorych wigkszo$¢ nalezy
do strefy lanckoronsko-zegocinskiej. Jak wykazaty liczne
wiercenia jest ona szeroko rozprzestrzeniona pod plaszczo-
wing §laska, jednak bywaja obszary, gdzie jej brak lub
zachowuje si¢ w postaci drobnych strzepéw wskutek ro-
zerwania i wytarcia. Do takich przyktadéw nalezy obszar
pomiedzy Brzeskiem i Bochnia a strefa lanckoronsko-
-zegocinska, w ktéorym plaszczowina $laska lezy wprost

' na utworach miocenu zapadliska lub mezozoiku podioza
platformowego.

Pomigdzy Bochnia a poludnikiem Krakowa u czota
plaszczowiny $laskiej jednostka podslaska wystepuje w
postaci kilku tusek, sposrod ktorych dwie wigksze rozcia-
gaja si¢ na S od Swoszowic oraz Wieliczki. Dalej na W po
lini¢ dyslokacyjna Skawy ciagnie si¢ ona jedynie w posta-
ci niewielkich wystapien margli weglowieckich. Dopiero
w poblizu Skawy jednostka podSlaska rozszerza sig i roz-
nicuje wyraznie na tuski tektoniczne. Skutkiem cofnigcia
ku S brzegu plaszczowiny S$laskiej w rejonie Wadowic
jednostka podslaska zyskuje szeroko$¢ 12 km. Dalej ku

W zweza si¢ a migdzy Sola i Olza zachowana jest w postaci
matych tusek.

Sposrdd licznych okien tektonicznych, w ktorych jed-
nostka podslaska ukazuje sig na powierzchni, nalezy duze
okno Zywca oraz wiele okien strefy lanckorofsko-zego-
cinskiej. Na S jednostka ta swym zasi¢giem przekracza
brzeg nasunigcia ptaszczowiny magurskiej. Pod nasunig-
ciem poinocnej strefy plaszczowiny magurskiej utwory
jednostki podslaskiej stwierdzono w profilach glebokich
wiercen wraz z Wwycieniong tektonicznie ptaszczowing
slaska badZ tez samodzielnie.

W rejonie Andrychowa pod nasunigciem ptaszczowiny
slaskiej u jej czola, a na utworach jednostki podslaskiej
wystepuja skatki andrychowskie, reprezentowane przez
mylonity i granitognejsy, wapienie oxfordu i tytonu, wa-
pienie i margle senonu, paleocenu i eocenu.

Plaszczowina skolska, zwana rowniez skibowa, zaj-
muje czolowa pozycje w strefie fliszowej (sensu stricto)
polskich Karpat miedzy wschodnia granica panstwowa
a okolicami Brzeska na W kontaktujac przewaznie bez-
posrednio z zapadliskiem przedkarpackim. Obecnos¢ znacz-
nych zi6z gazu wzdluz tego kontaktu spowodowata kon-
centracje glebokich wiercen, podobnie jak i poszukiwanie
przedluzenia strefy borystawsko-pokuckiej w obszarze Prze-
mys$l — Ustrzyki Dolne. Granica zewnetrzna tej jednostki
jest wigc wyrazna, natomiast z jednostka podslaska jest
zamaskowana warstwami kro$nienskimi centralnego syn-
klinorium. Granica ta staje si¢ wyrazna od obszaru Ustrzyk
Dolnych ku NW.

W profilu litostratygraficznym najwazniejsza role w
czesci wewnetrznej odgrywaja warstwy krosnienskie, a w
nich waskie bardzo strome jadro antyklin, a w czgéci ze-’
wnetrznej warstwy inoceramowe kredy goérnej, ktére od
szerokich antyklin przechodza w tuski. W pierwszej czgsci
najglebszy otwoér polskich Karpat Paszowa 1 (7210 m)
przewiercit profil fliszu do margli krzemionkowych wiacz-
nie wykazujac, ze wewnetrzna czg$¢ jednostki lezy bardzo
gleboko, natomiast wiele odwiertow w zewnetrznej czesci
przewiercato utwory fliszowe.

Kluczowy okazat si¢ tu otwor Cisowa IG-1 na SW od
Przemysla, ktory przewiercit 4010 m fliszu, 70 m jednostki
stebnickiej, 248 m utworéw badenu zalegajacych bezpo-
$rednio na tupkach fylitowych prekambru. Nie przewier-
cit natomiast fliszu do glebokosci 5440 m otwoér Brzegi
Dolne IG na NE od Ustrzyk. Polozony 21 km na W od
Przemysla otwor Bachoérzec przewiercit we fliszu 1300 m
lupkow spaskich zalegajacych na tupkach prekambru,
wyznaczajac wewnetrzna granicg autochtonicznego mio-
cenu. Autor uwaza, ze wygigcie ku N czota Karpat (sigmoi-
da przemyska) jest wynikiem poteznej redukcji ku W jed-
nostki stebnickie;j.

Podtoze brzeznej czesci Karpat podnosi si¢ w kierunku
NW, aby ponownie obnizy¢ si¢ znacznie w rejonie Rze-
szowa az po obszar Tarnowa. Na tej przestrzeni jednostka
skolska jest coraz silniej przykryta przez plaszczowing
$laska, jednostke podslaska, a jej spag schodz do glebo-
kosci ponad 3700 m. Powierzchnia nasunigcia jest zabu-
rzona tylko przez dyslokacje w okolicy Rzeszowa i na E
od Tarnowa. Od tégo miasta po Brzesko nastgpuje zupeiny
zanik jednostki, co nalezy uwaza¢ za zachodnia granice
basenu skolskiego.

Jednostka stebmicka o charakterze plaszczowiny od-
grywa znaczna rol¢, w budowie najblizszego przedpola
Karpat ukrainskich. W obszar Polski wchodzi ona na SE
od Przemysla, gdzie nasunigta jest na autochtoniczne
utwory goérnego miocenu. Podstawowym ogniwem sa tu
warstwy stebnickie karpatu ok. 2000 m migzszosci budu-
jace trzy elementy antyklinalne obalone ku NE. Eupki
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menilitowe w spagu czotowej czgsci jednostki na SE od
Przemys$la S. Wdowiarz uwaza za olistolity. W otworze
Leszczyny na SSW od Przemysla przewiercono pod fli-
szem 1300 m warstw stebnickich budujacych lezacy skret
synklinalny, wyznaczajacy zasigg jednostki pod Karpa-
tami. Wzdtuz brzegu Karpat przesledzono ja wierceniami
na NW od Przemysla, na E od Rzeszowa i dalej w Ropczy-
cach, gdzie tworzy ona odkorzeniony ku S porwak tekto-
niczny. Ostatnie wystapienia warstw stebnickich stwier-
dzono w okolicy Brzeska.

Zagadnienie NW przedtuzenia strefy borystawsko-po-
kuckiej w Polsce jest dyskutowane od trzydziestu lat.
W $wietle analizy materialdow z wiercen w obszarze Prze-
my$l — Ustrzyki wydaje si¢ mozliwe jej nawiercenie na.SW
od otworu Leszczyny.

PE3 O ME

VI Konrpecc Kapnatcko-bankaHckoit Accouauum, Ko-
Topblit coepwunca B [lMonbwe B 1963 r., npeacTaBusi’
AOCTUXKEHMA MOMbCKOW reonoruu npexae Bcero B obnactu
cTpaTurpacduu GnuLEBbIX OTNOXKEHUW, X CEAUMEHTALUK,

a Takxe BOCCTAHOBNEHWA naneoreorpaduueckux u Gatu-"

MeTpUYeCcKUX ycrnoBuii ¢nuwesoro 6Haccelina. PesynbTa-
ToM 3Tux paboT aBnsaeTca usaaHHas no cnydvaro Kowrpecca
paBoTta naTu aBTopos ,,CTaTuUrpadua BHELIHUX Monbckux
Kapnat” — &. Bega u ap. (1963), a Takxe ,,leonoruyeckui
atnac [lonbwwu, cTpaTurpaduyecku-gpauuanbHbie BONpo-
cbl, Bbinyck 13, Men W CTapwunii TpeTU4HbIA mepuoa 8O
BHewHux Monbckux Kapnatax’ — paspaboTaHHbiii 14 ae-
Topamu noa pepakumen M. Kcénxkesuua. PesynbtaTom
KapTorpadu4eckux paboT NpoBOAUMbIX B TEYEHUU MHO-
rux net B Kapnartax saBnseTcs reonoruveckas kapta Monb-
ckux Kapnat B macwTabe 1:200000, coctaeneHHas B
1958 r. B leonoruueckom WUnctutyTe (3anaAHaﬁ 4acTb —
C. Cokonoscku, BocTouHas uyacTb — X. CBuAMHBCKK).

Ha aToit kapTe Bnepeble NpoBEAEHO PaliOHWPOBAHUE TeK: .

TOHUYEeCKOW (ruwesoi 30HbI. [puMedyanna k aTol KapTe
HaxoaATca B ToMme ,,KapnaTbl” PeruoHanbHoli reonoruu
Monbwwn uspanuoit B 1953 r., copepxawen TekcTol M.
Kcénxkesnua n X. CeuasmHckoro.

B 1963 r. cunTeTuueckyro pa3paboTKy 3Toi 30HbI B
ceBepHbIX UM BoCTouHbix KapnaTax caenan C. Baossx,
a B 1972r. M. Kcénxkesuy npeacTaBun noapobHyro xa-
pakTepucTuky TekToHuku [Monbckux Kapnat. B pamkax
pabotr KBAI ansa TekToHuueckow kapTel Kapnat u ban-
kanoe J1. Kowapcku, B. Cukopa u C. Baoesx (1974) co-
CTaBUNMU COOTBETCTBEHHYIO KapTy u TekcT. Ha ocHoBaHum
BCEX .3TUX TPYAOB MOXHO NPUHATb CrneaytoliMe Ha3BaHus
OTAEeNbHbIX 3NeMeHTOB ¢nuweBon 3oHbl: 1) Marypckun
HaaBur, 2) npeaMarypckas eauHuua, 3) AyKenbCKas eau--
HUUa, 4) CUNE3CKUIH HAABMUM, 5) NOACUNE3CKAn eauHUUa,
6) ckonbckuii HagBur, 7) cTebHUUKAA eanHMuA.

C Toro BpemeHu, Korga 6binu npoeeaeHsl 3T paboTel,
NPUBBLINO MHOTO HOBbIX ARHHBLIX NOMYYEHHbIX W3 BCE
bonee rnybokux ckeaxuH HedTAHoro ropHoro pena’u
leonornyeckoro Unctutyta (Kapnatckoe oTaenenue).

Marypckunt Hagsur aenseTca Haubonee BHYTpeHHen
eauHuuen Bbicweln kateropuu B [lonbckux ¢nuwesbix
KapnaTtax. OH nepeMelieH K CeBEpy Ha OTNOXEHWA CH-
Ne3CKoro HaJBura U eAuWHUL MpeaMarypckoi rpynnbl Ha
3anaje M AyKenbCKoW eauHuubl Ha BocToke. C rora oH
rPaHUYUT OCTPbIM, KPYTbIM TEKTOHUYECKUM KOHTaKTOM
¢ Tlennnckonn yTécoson 3oHoi. Ero oTnoxenus npea-
CTaBNAOT rNaBHbiM oOpa3oM BEpXHWA MENn W najneorex.
Haubonee pacnpocTpaHeHbl B HUM PpOMAHELKWE Crou
(ceHoH—naneoueH) M Marypckue necHaHUKWU (BEPXHMN
30UeH—HWXHUIA onuroueH). CambiMu MonoabIMM ocCaa-
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KaMu SBAAKOTCA HAAMArypcKue U ManbLOBCKME Cnou (HUXK-
HUI ONUroueH).

YuéTtbiBaa (auuanbHyto PpasHOCTb 3O0LEHOBbIX OTMO-
KEHWUM U MX TEKTOHUKY B MarypCcKoM HaABUrEe BblAENEHO
NATb PaunanbHO-TEKTOHNYECKUX 30H. [NybunHoe TekTo-
HWYECKoe CTpOeHWe MarypCKoro HajBura pasBesaHo Pps-
poMm BypoBbix ckBaxuH, Takux kak: O6upgoea UT-1, Xa-
6yeka-1, Tokapua WI-1, Twebyna WUlr-1, Cyxa beckuas-
ka U1, Beictpa Ul-1.

[Aykenbckan eaMHMUA HAXOAWUTCA B NEpPexXoAHOW Mno-
3MLMM MeXAY MarypCKUM W CUNE3CKUM HaaBUraMu: paeu-
TWe BEpXHEro Mefa ¥ NaneoleHa MOXOXe Ha Marypckun
HagBMI, a Mnajwero naneoreHa — Ha cunesckuit. Owa
MaKCUManbHO MNOAHATA B BOCTOYHOW 4acCTu, K cesepy-
-3anagy NOrpy»aeTCs, CKpbIBAaACb NOA MarypckuM HaaBw-
rom. B aykenbckoli eAMHWLE MOXKHO BbIAENUTL ABE NOA®-
eAMHULUbI C pa3HbIM TEKTOHUYECKMM CTpoeHueM, pasae-
NEHHbIE HAABUIOM, KOTOPbIA — KaK BbIKA3anu CKBAXWHbI
Acnucka 2 u 360it 1 — cnepsa norpyxaeTcs KpyTo, a Ha
rny6ure okono 3000 M cTaHoeuTcs Gonee nnockum.

EauvHnubl npeaMarypckoi 30HbI NpeACTaBNEHbI Npea Ma-
r'ypCcKoW €AMHULON C.C., BbIAENEHHOI Y PPOHTa Marypckoro
HagBura B 3anagHoi 4actu [lMonbckux Kapnat, a Takxe
€AMHULAMU, KOTOPbIE NOABNAIOTCA B TEKTOHNYECKNX OKHAX
Marypckoro HaaBura u nos Haasurom (rpbibosckas eau-
Huua). BepxHuit Men ¥ naneoueH 3TUX €AWHUL NOXOX
Ha Marypckun HaaBWr, a MNaallMi NaneoreH — Ha cunes-
cku Hapsur. Kpome NOBEPXHOCTHbIX MCCNEAOBaHUIA 3TH
eAMHULbI pasBeAaHbl ryBOKUMU CKBAXKMHAMM, TaKUMK Kak
Mopamba Benbka UM-1 u Hepseenss 1 B TekToHuueckoM
okHe Muwanbl [onbHoit u O6ugosa WUIl-1, Xabyska 1,
Cnonuuue 1 1 20 nos Marypckum HaaBuroM.

EanHuua O6uposoit—CronHuuy paseesena B Bbille-
NpUBEAEHHBIX CKBAXKMHAX KaK TEKTOHUYECKM HU3LIAA YeMm
rpoiboBckas eauHuua. E€ oTnoxenusa BospacTa C HUX-
Hero CeHoHa Ao onuroueHa auuanbHo BNUKKM K AyKenb-
CKOM eAMHMLE, HO OTNMYaloTCA OT Hel Gonbuwion Mow-
HOCTbIO OCaAKOB ,,4€pHOro 3oueHa’’.

CHnesckuil HAABAT UrpaeT rNaBHYIO pofb B Feonoru-
YeckoMm cTpoeHuu ¢nuwesoi 3oHel Kapnat. Mo MHeHuu
C. Bposaxa (1963) k toro-BocToky OT NOMbCKUX FpaHuLL
oH npogomxaetca B YkpauHckux KapnaTax (eanHuubi:
Koctwuubl—Ckynoso#t, YapHoropei) n 8 PyMbinckux Kap-
natax (eauHuua Ayaus). BHyTpeHHioro rpanuuy cunes-

.CKOro Haasura onpepenAeTr AyKenbCKas eaunHuua, a 3a-

nagHyrto — Marypckuit Hageur. K ceBepy OH u4acTUuHO
HaABUHYT, BMECTe C OCafKaMu MNOACUNE3ICKOW eaUHULbI,
Ha OTNOXEHUA CKONMbCKOrO HaaBUra B BOCTOYHOW YacTu

¥ Ha OCaaKM MuUOUEHa npeskapnaTtckoro nporuba B 3a-

nagHoit 4acTu. BocTouHam 4YacTb cCuNe3CKoro HaaBura,
HaxoAAWAACA B Npejenax LUeHTPaNbHOro KapnaTckoro
CUHKNKHOPUA, COCTOMT M3 CEMWU AHTUKNMWHANbHBLIX 3re-
MEHTOB, CMOXEHHbIX AUDPEpPEHLUPOBAHHBLIMU KPOCHEH-
ckumu  cnosamu. K ceeepo-3amasy ocu  CKknaguaTbix
3NEMEHTOB NOAHWUMAIOTCA, a OTAENbHbIE 3MEMEHTbI
cTaHoBuTCcA BCe Gonee mMenkumu. K 3anagy oT peku
[Aywaeu wu3-33a 3TUX WU3MEHEHWW, FNaBHYO ponb B
CTPOEHWUM HAABUra WrpatoT roAynbekue Criou (CEeHOH),
a TaKkke UCTEBHAHCKWE Criou (CeHOH—naneoueH), a K 3a-
nagy ot peku CKaBbl TakKe W CTAapLUUE-OTMOXKEHUA, B TOM
yMcne TakKe UELWMWHCKUE CNOoW, KOTOPbIX CaMyo HU3KYHO
4acTb CnaratoT ocagku TuToHa. [nyBunHoe cTpoeHue cu-
Ne3CKoro HaaBura, ocobeHHO K BOCTOKY OT MepuauaHa
KpakoBa, pasBesaHo MHOTUMM FryBOKUMU CKBXKMHAMM.

Moacunesckas eAuHMLUA HAXOAUTCA y (poHTa cunes-
CKOTrO HaJBWra, B TEKTOHUYECKUX OKHAX U B €ro OCHoO-
BaHuU. OHa CUNBHO TEKTOHWUYECKM AKTUBHA, YellyiivyaTas,
pasopBaHa, a MecTamu coscem cTepTan. OTnoXeHUs HUX-



