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NEW DATA ON STRUCTURE OF THE FLYSCH CARPATHIANS 

The Vlth Congress of the Carpatho-Balkan Geolo
gical Association (CBGA), organized in th1s 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 Książ
kiewicz. 

The above works have been preceded by extensive 
mapping programmes. The results of works carried out 
after W.W.li 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. Świ
dziński (34), and the western by S. Sokołowski (32). An 
increase in intensity of the mapping works has been accom
panied by wider introduction of micropaleontological 
works, carried out in four Iaboratories 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 
Region al Geology of Poland ( 1953) may be regarded as 
an explanation to the regionalization. In that volume 
M. Książkiewicz characterized tectonics of the western 
part of the Flysch Carpathians, and H. Swidziński - 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, difforentiating five tectonic elements in 
the area of Poland. The names of these units became ac
cepted and used by M. Książkiewicz (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 XIIIth CBGA Congress 
further advances in the ·knowledge of this region, including 
abundant materiał of borehole data concerning the base
ment in both the outer part of the Flysch zone and the 
Carpathian Foredeep. A. Ślączka 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 materiał 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. lt 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 Iargest nappes of the Polish Carpathians. In its northern 
part, it forms a cover from severa! tens to over a thousand 
meters thick, which is confirmed by borehole columns 
Sucha IG-1 (3,850 m), Bystra IG-I (3,787 m), Tokarnia 
IG-I (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-I (4,570 m), Cha
bówka l (5,101 m), Słopnice l (4,508 m), and Słopnice 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-I 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 (norma! 
flysch) of the Ropianka Beds (lnoceramian 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 Sącz, 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 (I). 

· 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 severa! 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 (Sącz 

zone), 3) Raea (southern Gorlice zone), 4) Siary (northern 
Gorlice zone), and 5) Harklova. 

Sedimentation of variegated shales, initiated in the 
!atest Paleocene, was developing diachroneously in the 
Magura nappe. lt was continuing locally even till the Late 
Eocene in the Siary subunit, and till the Middle Eocene 
in the Rafa 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 norma! flysch facies: the 
Belovefa 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 Łącko Marls (the major component of the Łącko 
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 Rafa 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 I ,OOO m, in the Krynica (Gorce and Beskid ~ląski) 
and Rafa (Beskid Wysoki and Beskid Wyspowy) subunits. 
A f ew mem bers characterized by predominance of the se 
sandstones were differentiated for stratigraphic purposes 
in the Lower and Middle Eocene (l): Piwniczna Sandstones 
in the Krynica zone of the Beskid Sądecki. and Jaszcze 
Beds (Magura Sandstones with intercalations of the Be
lovel.a Beds) in the Gorce. The overlaying Middle Eocene 
sandstones with intercalations of the Łącko 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. Materiał 

for formation of these rocks was coming from northern 
margin of the Magurn basin whereas that for formation 
of muscovitic Magura Sandstones · was coming from 
alimentary area situated in the north. 

The Malców 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-Magurn Beds, are mainly known the Siary 
subunit in western part of the Magura na~pe, and the Mal
ców 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 Łużna and 
Harklova tectonic peniQ.sulas only, Eocene variegated 
shales are overlain by Oligocene strata close inlithology 
but usually more marły than the Sub-Magura Beds. 

The Magura nappe is folded into numerous synclines 
and anticlines. Moreover, interna! 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. lnversion 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 orien ted w est of the Ska wa River, and S - W - bet w ee n 
the Skawa and Dunajec Rivers, gradually changing their 
orientation east of the Dunajec River to NW - SE in areas 
west of the Biała ·River . 



Northern margin of the Magura nappe is erosional. 
łts course is relatively straight in the west. becoming more 
diversified east of the Biała River. In the latter area there 
are differentiated the Łużna and Harklova tectonic pe
ni nsulas, 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 Bełt - a steeply standing and internally 
compłicated higher order structure. Tectonic contact of 
the two tectonic units is of the dislocation type and very 
elear. 

Due to post-Paleogene folding phases, the Pieniny 
Klippen Bełt became thrusted over the peri-Pieniny zone 
in the form of a nap.pe. 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 Bełt. In a few places strata of the Ma
gura series form slices within the klippen series whereas 
brecciated strata of various klippen series are tectonicałly 
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 . Książkiewicz (21, p. 206 ), diff erences in 
facies development of the strata stili remain the only key 
here. Tectonic contacts of individual facies zones not 
always appear traceable. When represented by looseni-ngs 
or smałl-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 ref erence to results of new, more detailed 
geological mapping. carried out taking into account facies 
changes and interfinging hctwccn individuał zones. The 
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I - Magura nappe. 2 - Dukla unit. 3 - units or Fore-Magura 
zone, 4 - Silesian nappe. 5 - Subsiłesian unit, 6 - Skole nappe, 

7 :---- Stebnik unit. 8 - Miocene on the łlysch_ 

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 Sądecki and 
Beskid Niski (42). The situation was found to be similar 
at the contact of the Bystrica and Rara subunits in western 
Beskid Wysoki, and the latter and Siary subunit north
-west of . Nowy Sącz. 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 Malców Beds previously misidentified with older 
strata in several areas, resulted in reinterpretations of · 
local fold structures in western Beskid Wyspowy, Nowy 
Sącz area, and Dukla Pass. The discovery of the Malców 
Beds in Podhale and Orava had a decisive influence on 
reinterpretation ,of structure of the peri-Pieniny zóne 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 Malców Beds as far as its contact with the 
Pieniny Klippen Bełt. In western Slovakia and Orava. 
the zone displays stronger internat tectonic deformat ions 
and, in its southern part, slicing. The infilling Malców 
Beds are partly covered with Neogene and Quaternary 
of the Orava- Nowy Targ Basin. The contact of the Mal
ców Beds and Magura Sandstones along the outcrops 
of the former at right bank of the Dunajec River (line 
Dział - Niwa - Wżar) 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 Malców Beds was 
solved. 

Studies on stratigraphic position of the Malców 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. Książkiewicz and B. Lesko 
( 18 ). Therefore, assignation of these strata to a separate 
Rychwałd tectonic unit, emerging from beneath the Ma
gura nappe in tectonic windows according to H. Świ-

Rrc. / . S:::k1c 1ek1011ic:::11r pu/sJ...1ch Karpaf l!is:::o11ych . 

- płaszczowina magurska, 2 - jednostka dukielska, 3 -- jed
nosLk i stref) przedmagurskiej, 4 - płaszczowina sląska, 5 -
jednostka podśląska, 6 - płaszczowina skołska. 7 - jednostka 

stebnicka. 8 - miocen na fliszu. 
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dziński (35 ), appears invalid similarly as the Rychwałd 
unit as defined by H. Świdziński . 

In the Polish Flysch Carpathians, two major intra
montane basins developed in the Magura nappe : Orava
Nowy Targ and Sącz 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 Bełt 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 I .OOO m as shown 
by the borehole Czarny Dunajec IG-1. Origin of the 
other, Sącz 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 SQCZ 
IG - I. 

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 ( lnoceramian) 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 

316 

NE 
CHYRON 

a 
E" : 

O 1 2 3 4 S1<m 

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 diff erences in interpretation of the course of nor
thern boundary of the Dukla unit west of Osława. 

The Dukla unit is most strongly uplifted in its eastern 
part, mainly built of Upper Cretaceous and Paleocene 
strata, plunging north-westwards. lts 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
t urned backwards scales (as confirmed by boreholes at 
Wetlina and Jaśliska - Fig. 2c) but dips decrease along 
with increase in depth (borehole Jaśliska 2 - see 31 ). 
The inner subunit is characterized by presence of less steeply 
rised. sliced folds which attain the form of floes thrusted 
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Fig . 2a, b, c, d. Geological cross-sections of eastern part of Polish 
Flysch Carpathians, by S. Wdowtarz . 

Silesian nappe: Kw - Verovice Beds, K 1 - Lgota Beds, KP' -
Godula shales, K' - Lower Istebna Sandstones, p' - Upper 
Istebna Sandstones, P~ - Istebna Shales, pps - Variegated Shales, 
om - Menilitic Shales; Krosno Beds: 0:1 - sandstone horizon, 
o:~ - sandstone-shale horizon; Sub-Silesian unit : KPS - Godula 
shales, K :;;' - Węglówka Beds, ps - Variegated Shales, P -
green-gray shales, om - Menilitic Shales; Krosno Beds: 0:1 -

san dst one horizon, o:r - sandstone-shale horizon; Skole nap pe: 
Ksp - Spas Shales, KPs - variegated shales, Kmk - Siliceous 
Marls, K~1 s - Cisowa Beds, K~ - Inoceramian Beds (thick
-bedded sandstones), K 1 

- lnoceramian Beds, EP' - Variegated 
Shales, Eh :.... Hieroglyphic Beds, EP0 

- Popiele Beds, r - horn
stones; Krosno Beds, Qk1 

- sandstone horizon, ~i - sandstone
-shale hor!zon, ~3 

- shale horizon; Stebnik unit; Mab - Aquita
nian-Burdigalian (salt-bearing clays), Ms' - Carpathian-Stebnik 
Beds, Mb1 - Balice Beds, Mb - Badenian, M• - Lower Sarma
tian; autochtonous Miocene : Mb - Badenian, Ms - Lower Sar
inatian; Platform substratum: pr - Riphean variegated phyllitic 

shales). 

on one another. The subunits are separated by relatively 
flat laying thrust piane. In the Zakarpacie, the piane 
presumably corresponds to that separating the Bereźnia 

(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 piane is very elear in eastern part of the Dukla unit, 
separating two diff erent 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 elear west
wards. This is partly due to a marked reduction of marginal 
fold of the Dukla unit. North of Jaśliska, 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 
piane 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 piane 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 9f the Silesian 
unit rotated dextrally, thrusting under the former. 1t 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, c, d. Przekroje geologiczne wschodniej części polskich 
Karpat fliszowych wg S. Wdowiarza. · 

Płaszczowina śląska: Kw - warstwy wierzchowskie; K1 - warstwy 
lgockie, KP• - łupki godulskie, K• - piaskowce istebniańskie dolne, 
P' - piaskowce istebniańskie górne, ~ - łupki istebniańskie, 

pPS - pstre łupki, om - łupki menilitowe; Warstwy krośnień
skie: 0:1 

- kompleks piaskowcowy, O:i - kompleks piaskow
cowo-łupkowy. Jednostka podśląska: Kps - łupki godulskie, K: -
warstwy węglowieckłe, EPs - pstre łupki, P - zi.elono-szare łup
ki, om - łupki menilitowe; warstwy krośnieńskie: 0:1 - kom
pleks piaskowcowy, ~i - kompleks piaskowcowo-łupkowy. 
Płaszczowina skolska: Ksp - łupki spaskie, KPs - łupki pstre, 

Mmk - margle krzemionkowe, K~1 s - warstwy z Cisowej, K1, -
warstwy inoceramowe (gruboławicowe piaskowce), K1 

- warstwy 
inoceramowe, Eps - pstre łupki, Eh - warstwy hierogli(owe, 
P 0 

- warstwy popielskie, r - rogowce; warstwy krośnieńskje 

Oki - kompleks piaskowcowy, o:f - kompleks piaskowcowo
-łupkowy, O~J - kompleks łupkowy. Jednostka stebnicka: Mab -
akwitan - burdygał (iły solonośne), M51 

- karpatien - warstwy 
stebnickie, Mb1 - warstwy halickie, Mb - haden, M' - dolny 
sarmat ; miocen autochtoniczny: Mb - baden, Ms - dolny sar
mat; podłoże platformowe: pr - ryfej - pstre łupki 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
bów 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 Słopnice -Obidowa 
units still remains insufficiently known (I O). 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 zone, as interpreted here, 
include the Fore-Magura unit s.s„ units of the Mszana 
Dolna and Klęczany - Pisarzowa tectonic windows, and 
the Grybów unit, encountered in drillings beneath the 
Magura nappe. 

Fore-Magura unit sensu stricto (2) was diff erentiated 
in the front of the Magura nappe between Sporysz near 
Żywiec and Koniaków 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. Geologica/ cross-section of Flysch Carpathians unit.1· south 
of Wieliczka by J. Burtan 1984. 

Flysch Carpathians: M - Magura Nappe, FMs - Southern 
Fore-Magura unit, FMN - Northern Fore-Magura unit, sKs -
Silesian Nappe - Kurów Scale, S - Silesian Nappe, SS - Sub
Siłesian unit. Carpathian Foredeep: N - Neogene (miocene), 

J - Jurassic, P + T - Permo-Triassic, C - Carboniferous. 

patches, and ~st of Sporysz it disappears from the surface. 
Upper Cretaceous and Paleocene of the Fore-Magura 

unit are represented by "biotite Cretaceous" between 
Sporysz and Koniaków, 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 f ucoid 
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 transitionał mem ber 
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 southem series comprises variegated 
shales and marls with intercalations of thick-bedded 
sandstones of the Ciężkowice type, thin packets of the 
Hieroglyphic Beds, the Grójec conglomerates, and coarse
-grained sandstones with nummulites. Oligocene is re
presented by Koniaków (Łużan.) 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 ~ląski-building series of 
the Magura nappe. The southem series is preserved in 
the form of broken-up and strongly deformed tectonic 
elements squeezed into the northem 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 Raea 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 Łużana Limestones and Krosno Beds. lt is tec
tonically broken-up and reduced and its large fragments 
are known from northem and southem margins of the 
window. The northem unit, lower and folded at the surface, 
is represented by Oligocene strata only: Grybów Shales, 
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Ryc. 3. Przekrój geologiczny prze= jednostki tektoniczne Karpat 
fliszowych na południe od Wieliczki irg J. Burtan 1984. 

Karpaty fliszowe : M - płaszczowina magurska, fMS - jednostka 
przedmagurska południowa, FMN - jednostka przedmagurska 
północna, sKs - płaszczowina śląska - łuska Kurowska, S -
płaszczowina śląska, SS - jednostka podśląska. 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 Poręba Wielka IG and Niedźwiedź 1. 

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

In the Klęczany - Pisarzowa tectonic window, situated 
north of Nowy Sącz, i. Burtan differentiated two tectonic 
scales representing diff erent series of strata. In the southern 
scale, the fore-Magura unit is represented by a series of 
strata known from the windows in the Grybów area, which 
makes it similar to the northem zone of the Mszana Dol
na window: Eocene and Oligocene strata represented by 
variegated shales, Hieroglyphic Beds, sub-Grybów Beds, 
Cergowa Sandstones, Grybów Shales, Menilitic Shales 
with hqrnstones, and Krosno Beds. The northern ele
ment - the Kurów scale - comprises Cretaceous strata 
represented by the Upper Cieszyn Shales, Grodzisko 
Beds, Lgota Beds and Upper Cretaceous płaty sandstones, 
Eocene Klęczany Beds, and Krosno Beds. 

Grybów unit has been di~covered by drillings Obidowa 
IG-1, Chabówka I, and Słopnice 1 and 20, at depths c. 
1500-2000 m, beneath overthrusted Magura nappe. It is 
thrusted over the Obidowa - Słopnice unit, and strongly 
refolded and sliced. lts thickness is varying from c. 500 min 
borehole Obidowa IG-1 to over 1000 m in borehole Słop
nice 1. 

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

Obidowa-Słopnice unit is known in the Polish Car
pathians from deep ·drillings Obidowa IG-I (4,570 m), 
Chabówka IG-I (5,101 m), Słopnice I (4,508 m), and Słop
nice 20 (4,500 m) only (1 O). It comprises Senonian -
Paleocene Ropianka (lnoceramian) Beds with Lower Se
nonian sandstones resembling those of the Cisna Beds, 
and Maaslrichtian exotic mudstones called as the Obido-
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Carpathian Foredeep. Basement of Carpathian Foredeep. I -
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 Betis, 9 - Lgota Beds, 1 O - Godula Beds, 11 - Istebna 
Beds, 12 - Ciężkowice sandstones and variegated shales, 13 -

Krosno Beds. 
FM - Fore-Magura unit, G - Grybów unit, D - Dukla unit 
(Obidowa-Słopnice unit): 14 - Lower cretaceous deposits, 15 -
Ropianka (lnoceramian) Beds, 16 - Hierogliphic Beds, 17 -
Rdzawka Beds ("Black Eocene"), 18 - Sub-Grybów Beds, 19 -
Cergowa Beds, 20 - Grybów shales, 21 - Krosno Beds. M -
Magura nappe : 22 - Albian and cenomanian deposits, 23 -
Ropianka Beds, 24 _: Ciężkowice sandstones, 25 - variegated 
shales, 26 - Hierogliphic Beds, 27 - Beloveza Beds, 28 - Jasz
cze Beds, 29 - Łącko 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 black 
słiales alternating with complexes of thick-bedded con
glomeratic quartz sandstones and silty gravelstones. The 
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Ryc. 4. Przekrój geologic::ny przl!:: Karpaty .fliszo1I"<! na poludnie 
od Krakowa wg W. Siko1y et al. 1980 u::upelniony pr::I!:: M . Cil!s::-

. kowskiego . 

Zapadlisko przedkarpackie. Podłoże zapadliska : I - kambr, 2 -
dewon środkowy i górny, 3 - karbon dolny, 4 - karbon dolny 
i górny, 5 - perm, 6 - jura środkowa i górna. Utwory mola-

sowe zapadliska: N - neogen (miocen). 
Karpaty Fliszowe (zewnętrzne): SS - Jednostka podśląska; kre
da - paleogen nierozdzielone utwory. S - Płaszczowina · śląska: 
7 - warstwy grodziskie, 8 - warstwy wierzowskie, 9 - warstwy 
lgockie, 1 O - warstwy godulskie, 11 - warstwy istebniańskie, 

12 - piaskowce ciężkowickie i łupki pstre, 13 - warstwy kroś-

nieńskie. 

FM - jednostka przedmagurska, G - jednostka grybowska, D -
jednostka dukielska (jednostka Obidowej - Słopnic): 14 - utwory 
kredy dolnej, 15 - warstwy ropianieckie (inoceramowe), 16 -
warstwy hieroglifowe z poziomami pstrych łupków, 17 - warstwy 
z Rdzawki („czarny eocen"), 18 - warstwy podgrybowskie, 19 -
warstwy cergowskie, 20 - łupki grybowskie lub łupki menilito
we, 21 - warstwy kroś.nieńskie. M - płaszczowina magurska: 
22 - utwory albu i cenomanu, 23 - warstwy ropianieckie, 24 -
piaskowce ciężkowickie, 25 - pstre łupki, 26 - warstwy hiero
glifowe, 27 - warstwy beloweskie, 28 - warstwy z Jaszczego, 
29 - warstwy łąckie, 30 - warstwy z Kowańca, 31 - pstre łup
w różnych 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 

. makowskie. 
40 - Granice litostratygraficzne: a - stwierdzone, b - przypusz
czalne, 41 - Główne nasunięcia, a - nasunięcie Karpat fliszo
wych, b - nasunięcie płaszczowiny magurskiej i płaszczowiny 

śląskiej, 42 - Nasunięcia mniejsze: a - nasunięcia mniejszych 
jednostek, b - nasunięcia łusek, 43 - U skoki: a. - stwierdzone, 

b - przypuszczalne. 44 - Głębokie wiercenia. 

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

The sedimentary sequence of the Obidowa - Słopnice 

unit appears close in facies to that of the Dukla unit, dif
fering in presence of c. 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 Niedźwiedź 1), therefore. taking into account the nature 
of cooccurring . rocks, they may be treated as affined in 
facies to those of the Obidowa - Słopnic.e 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 - Słopnice 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 Grybów 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. 

ln south-eastern part of the Polish Carpathians, 
boundary of the unit is very elear, 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 ohly. 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, ~s presented else
where (S. Wdowiarz, in print). Despite of fairly monoton
ous development of the Krosno Beds, it appeared possible 
to diff erentiate 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-
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Fig. 5. Geological cross-section of Skale nappe and Stebnik unit 
south of Przemyśl, by S. Wdowiarz . 

Explanations like for ryc. 2. 
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ordinate share of shales and, sometimes, packets m1xed 
in character, i.e. packets of medium- or thin-bedded sand
stones alternating with shales . 

In southern part of the synclinorium, developmenL 
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 Jasło Shales. In 
top part of the lower horizon there appears about 50 m 
thick complex of massive, th1ck-bedded gla uconite-rich 
(glauconitic) sandstones, forming foundation soils of the 
Solina dam. The hext horizon belongs to the typtcał Flysch 
and is of crest-forming importance south and south-west 
of Ustrzyki Dolne. The upper honzon is matnly shaly u1 
character and of mmor importance . 

Some deep dnllings have hecn made in the above part 
of the synclinorium. Of thesc. bon.: hole Suche Rzeki ( S. 
Rz.) did not penetrate the Krosno Beds d1..)wn to the Jcpth 
of 3,502 m, recording strong backward inclinalion of 
south-western limb, and borchole Zatwarni(a (Z.) pcne
trated the Krosno Beds. Menihtic Shales. and Hicro
glyphic Beds, to encounter Ciężkowice Sandstones (depths 
2, 760 to 2,812 m) and underlaying vanegated shałes ( depths 
down to 2,820.6 m). Boreholes Smolnik and Lutowiska 
(4,400 m and 4,634 m, respectivdy), made north of the 
San River, were stopped in the Lower Krosno Beds, not 
penetrating them (9). 

A new tectonic elements (Bystre shce), rcpresenting 
a part of the fore-Dukla unit , appear~ in the Hoczewka 
Creek spring basin, inner part of the synclinorium. The 
presence of Upper and Lower Cretaceous sequences be
gmning with the Upper Cieszyn Shales (i .e. developed 
in the Silesian facies), is the major feature of that element. 
The strata are traceable at 1 O 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 Zdrój fold, there were found 4 hQ
rizons of Ciężkowice Sandstones alternating with varie
gated shales and Istebna Beds and the element achieves 
the form of a flat NE-oriented thrust w1th amplitude over 
2 km (Wisłok River valley), and fold core becomes com
plicated by transversal and longitudiffal dislocations. The 
fold becomes more and more steep west of I woni cz. 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 Wisłoka River 
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section. This indicates large amplitude of vertical displace
ments. estimated by me in the Iwonicz - Wisłoka River 
section at 2,000 m or more. 

SE of the Bystre scale, markedły . backwards over
turned Suche Rzeki fold, about 5 km wide, forms foreland 
of the Fore-Dukla unit. The fołd narrows t o 2 km 35 km 
furt her to NW. and its core begins to display . narrow 
outcrops of the Menilitic Shales. traccahle at 25 km dis
tance. The shales disappear in 15 km section in the Wisłok 
River basin to reappear in the core. The core rises over 
3000 m m section from Iwonicz to the Jasiołka Creek 
valley; the section of which displays 4 horizons of the 
Ciężkowice 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 l O km section up to the Wisłoka 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 Wisłoka 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 geołogical 
maps compiled before the w.w. Il. lt 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 l ,200 m, which 
casts some light on the scale of the thrust. The discontinuity 
has been traced to NW as far as the Wisłoka River valley. 
The fold appears complex in character due to 2 - 3 re
foldings, becoming 1JP . to 8.5 km wide in proximity of 
the state boundary. Drillings made in the Osława Creek 
valley showed that a syncline is deeply pulled into core 
part of the fold, and the overthrust piane 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 Wisłoka River 
drainage basin . 

Sections important for understanding deep structure 
of the above element include the Rymanów (with bore
hole Rymanów 1, 5,404 m deep), and Łubno (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 - 5 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 Rymanów 1 (R.) pe
netrated a 1,000 m sequence of the strata beneath the 
bend, not encountering the old Flysch (Fig. 2c). The Jack 
of the Ciężkowice 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. W dowiarz put forward a hypothesis that the Ciężkowice 
(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 Osława Creek section . · Some drillings 
made in the latter area reached depths over 2,500 m (and 
the deepest even 3,08 l m), not reaching strata older than 
the Krosno Beds. As explained above, the front of the 
Silesian unit passes along the Raba - Równia - Olszani
ca -Załuż fold. NE of Lesko, core of the fold d1splays 
Upper Cretaceous strata (variegated marls), and sub
sequently Lower Cretaceous ones developed in the Lgota 
Beds facies, forming frontal rise of the whoie unit. Bore
hole data show that it is thrusted over the Krosno Beds 
of the next unit. 

ln 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 Ciężkowice 

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 frs deep-seated 
core. It is cut by numerous transversal and vertical dis-
1 ocations 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 marły inter
calation in the middle, to Paleocene and Eocene developed 
in typical Silesian facies, with four complexes of Ciężko
wice Sandstones and Menilitic Shales at the top. 

Three more interna! 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 interna! structure 
may be best analysed in the classic Osława 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 
Trześniów 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 Ciężkowice 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 Ciężko
wice Sandstones. Severa! 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 Jasło, penetrated 1200 m sequence 
of the sandstones, not reaching their base. 

The loop of the Węglówka tectonic window (north 
of Krosno), repeatedly described in the literat u re, is related 
to frontal part of the Silesian nappe. In the tectonic loop, 
three units are superimposed: the Silesian unit (mainly 
represented by the Bonarówka patch), rests on the sub
-Silesian which, in tum, rests of the Skole unit. The Bo
narówka patch, ovate in outline and 6 x 5 km in size, 
is built of the Lgota Beds underlain by Wierzów Beds, 
and marked in terrain morphology as a fiat elevation with 
steep slopes, well visible from large distances. Further 
to WNW in the Wisłok 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. lt should 
be noted here that a borehole localized at southem limb 
of the fronta1 fold at Frysztak (Wisłok 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 lnoceramian Beds. 

At the Wisłoka River line, NW of Brzostek, the front 
of the Silesian nappe becomes tom apart Jo show strata 
of the Skole unit at 5 km distance. From that area to the 
Biała 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 Wisłok 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 Biała Creek line, merg
ing with the next one from the south, Ciężkowice - Roż

nów element. lt should be noted that is represents an 
extension of the above discussed Osobnica element, which 
continues as a narrow complex fold towards Ciężkowice. 
The latter was traced along with the central synclinorium 
at distance of about 11 O km. 

The Gorlice fold appears most important of secondary 
elements of the nappe, found east of the Wisłok River. 
lt is delineated by two peninsulas of the Magura nappe: 
Harklova in the east, and Łużna 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 bo re ho le Gorlice 11, the deepest in this area, was 
localized 1. 9 km south of the fold front. lt penetrated 
the fold down to the depth of 11 OO m. The borehole Gr. 2, 
situated 2.1 km further to the south, penetrated it stili 
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 i 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. 
lt foUow~ that incomplete section of the strata (? Krosno 
Beds) is 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. lt 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 westemmo~t part of the Central Carpathian 
Depression. The Jankowa anticline, situated S of the 
farmer, is known from a few boreholes. Of these, bore
holes Łyczana 5 (2,826 m) and Łyczana 1 O (2,035 m) 
penetrated the Menilitic-Krosno serie~ to enter 3 horizons 
of the Ciężkowice Sandstones and Istebna, Godula, and 
Czamorzeki beds. Northern limb of the Bobowa syn
cline passes .into anticlinal structure of the Rożnów
Ciężkowice fold. At the Dunajec River line, core of the 
fold is built of the Godula Beds, and southem, southwards 
monoclinally dipping limb - the Istebna and Ciężko

wice Sandstones. This is evidenced by borehole Siekier
czyna lG-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 Rożnów fold is thrusted 
over the Czchów one, recorded by boreholes Iwkowa 1 
(3,247 m) and Czchów 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 Czchów fold and the Zakliczyn one, situated north 
of it, pass into the Rzepienniki fold. West of the Dunajec 
River, both the Bobowa syncline and Rożnów anticline · 
plunge beneath the thrust of the Magura nappe, the margin 
of which passes far to the north between Tęgoborza and 
Iwkowa. 

West of the Dunajec River, at the Skawa River line, 
the Silesian nappe becomes divided by a dislocation into 
two parts diff ering in tectonic sand lithofacies develop
ment. Between the Dunajec and Skawa rivers, in areas 
comprising Pogórze Wielicka-Wiśnickie and Lanckroń

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 
Mały and Beskid ~ląski ranges. 

The Silesian nappe and sub-Silesian unit are very well 
known thanks to detailed geologic.al 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 Myśle
nice (4, 8, 5), as well as between Lanckorona and Soła 
(16, 17, 21) and in the Beskid ~ląski and Beskid N iski 
ran ges 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, Ci.eszyn Lime
stones of the Upper Tithonian -Berriasian, and Upper 
Cieszyn Shalcs 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 
Wierzów 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 I 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 
~ląski 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 Pogórze Lanckorońskie 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 Ciężkowice 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 Będs. 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 !ower developed as the major trunk of the nappe 
in the Wielicz and Wiśnicz highlands. A refolded, NW - SE 
oriented syncline, filled up with the Krosno Beds, is marked 
a long the U szew - Zakliczyn line in its eastern part. The 
syncline has been recorded in some drillings, including· 
boreholes Uszew l (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 Złota. 2 (2,802 m), which 
encountered Miocene and Jurassic strata beneath the 
base of the nappe. Towards the west, several basins or 
fiat synclines filled up with the Krosno or Hieroglyphic 
Beds, are marked in the lower unit: e.g. Trzciana -Lesz
czyna, Strzyżyc, 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 
Gdów Embayment. South of that embayment there is 
marked the Strzyżyc 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 
Łąkta 24 (3, 150 m), situated south of Bochnia, and Wiś
niowa 4 (2,599 m), situated south of Wieliczka, penetrated 

base of the nappe at the depths of 2,296 m and 2, I OO m, 
respectively, to enter strata of the sub-Silesian unit and 
their Miocene basement. The nappe is 200 - 800 m thick 
between Głogoczów and its northem margin in area south 
of Cracow (W. Sikora et al., 1980). The borehole Gło
goczów IG-I (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 IG-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 Myślenice region. 

Both the lower and upper units are delineated at the 
south by anticlinal structure called as the Lanckorona -
Żegocin zone of tectonic windows. The structure has a form 
of steep, complex fold, representing westward extension 
of the Czchów fold. Its northem limb is built of strata of 
the Wierzów, Lgota, and Godula beds, the core displays 
the sub-Silesian unit in numerous small tectonic windows, 
and sou them limb, , sheared from below and thrusted 
over the core part, displays the Krosno Beds and various 
mem bers of the Paleocene and Lower Cretaceous. Structure 
of this element is known from borehole column Wiśnio
wa IG-I (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 l O km to the south along 
the dislocation. The area between the Skawa and Olza 
Rivers and further westwards, is charactedzed by highly 
intense development of the Godula and Istebna B~ds 

(total thickness of which may here approach 3,500 m), 
and presence of the Lower Cieszyn Shales and Cieszyn 
Lim.estones, 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 I ower,· Cieszyn nappe. The form er is further differen
tiatfd into partia! . 1.1appes thrusted over one another. 
East 1 of Bielsko-Biała it becomes narrow and narrower 
and gradually disappears. The latter, Godula nappe is 
subdivided by transversal dislocations in to three blocks: 
Beskid Mały, Beskid ~ląski, and Beskid Jabłonkowski. 
The borehole Potrójna 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 traceci 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 individualizeci 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 
Załuż, where · the Lower Cretaceous crops out at the 
surface, the Upper Cretaceous is represented by thin 
packet of variegated marls developed in the Węglówka·· 
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,i..ower 
Cretaceous is represented by exotics of the sub-Silesian 
unit, known from outer streak of the marls. The strata 
were traceci 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. W dowiarz 
found them in similar position north of Brzozów and at 
Domaradz (37). West of the latter, the sub-Silesian unit 
is evidenced in the Węglówka 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 Bonarówka 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 
thtust 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 disturbeci 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 Wisłok 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 mentioneci borehole Frysztak 1, 
situated 1.5 ·km west ·of the Wisłok River, penetrated 
2,615 m section of the Silesian unit and 200 m thick Węglów
ka Marls (but without the Lower Cretaceous). 

Between the Wisłok and Wisłoka Rivers, the presence 
of the sub-Silesian unit is indicated by occasional occur
rences of the Węglówka Marls in front of the Silesian unit, 
which also displays an elongate tectonic window. Geo
logical mapping (36) showed its presence west of the Wisło- · 

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, thruncateci at major oblique dis
location of the Biała 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. lt appears 
widely distributeci beneath overthrusted Silesian nappe, 
often strongly tectonically disturbeci and disrupted or 
grinded. lts 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 Żegocin -
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Lanckorona zone between the Dunajec and Skawa Rivers 
and in the Żywiec 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 Wierzów 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 marły 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 Że
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 Szydłowiec sandstones with remains of bryo
zoans and Lithothamnium fragments, and in the Wa
dowice and Lanckorona region - the Gorzeń Beds de
veloped as thin-beddeci glauconitic sandstones with in
tercalations of shales. Glauconitic sandstones and con
glomerates with exotics, possibly up to 600 m in thickness, 
developed in the Żegocina 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 marły complex. In the vicinities 
of Żywiec, the Szydłowiec 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 
mem ber of this unit is formeci by the Krosno Beds, here 
mainly developeci in · shaly facies. 

Between the Dunajec River and Brzesko, the sub
-Silesian unit is represented by shreds of variegat<(Ci 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 - Sygneczów - Biskupice and Ochoj
no - Janowi ce scales, characterized by predominance of 
the Godula variegateci shales and Węglówka 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 Węglówka 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 - Że
gocin zone, and the latter. unit rests directly on the Miocene 
of the Carpathian Foredeep or platform Mesozoic rocks 
as sho~n by e.g. borehole Uszew l · (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 - Żegocin 

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. B'urtan differentiated two to three scales in the windows 
between Myślenice and Rybie Nowe. They are best known 
from the borehole columi1 Wiśniowa IG-1 (2,93I m). 
The borehole, situated in the Wiśniowa 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 Głogoczów IG-I and Po
trójna IG-I, and beneath the overthrust of the Magura 
nappe - in drillings Trzebunia IG-I. Trzebunia 2 .. To
karnia IG-I, and Sucha IG-I. The two Iatter 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 scaie (comprising strata from the Upper 
Cretaceous to Eocene) and a higher one, Woźniki 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 Woźniki scale is reduced. 

The sub-Silesian unit is about 12 km wide at the me
ridian of Wadowice. lts northern part is built of Lower 

· and Upper Cretaceous rocks folded, sliced and rriixed-up 
with various Paleogene ones, and the Szydłowiec scale 
is thrusted over it from the south. In area between the 
Soła and Olza Rivers, the unit is preserved in the form of 
min'or 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 Żywiec 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 IG-1 (3,787 m) 
found strata of the sub-Silesian unit resting on Miocene 
directly overlaying metamorphic ·basement. 

Andrychów 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 organogenie limestones. The 
klippen most probably come from an elevation of base
ment, delineating sedimentary basin of the sub-Silesian 
unit i~ the south. They have been tom-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 
U nit, 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 Przemyśl
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 Borysław-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. lt was reached by minor 
quantities of materiał forming lower part of the Flysch 
section only. The Krosno Beds, known to be mainly formed 
due to supply of materiał from the west and north-west, 
evened the resulting differences in lower part of the section. 
Influence of materiał 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. Moit:over, the 
Cisowa Beds develop SW of Przemyśl. 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 1 OOO to 2000 m (SW of Rzeszów). The Eocene is 
represente~ 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 majot 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 
Jasień 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 ~o 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. Żytka (1972), 
according to which they may be treated as belonging to 
a deep-seated element of. the Borysław- 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 9f 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-westem limb of the second fold: at the 
depth of 4,300 m ~ Krosno Beds, at 5,000 m - Menilitic 
Shales with Kliwa sandstones, at 5,220 m - Hieroglyphic 
Beds and Eocene variegated shales, at 7,050 m - Inocera
miarr Beds, with intercalations of colourful shales in upper 
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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. lt may belong to two folds : 
Wańkowa Kopalnia and Chwaniów-Wara. lnner part 
of the Skole unit is characterized by a trend to backward 
Jean in near-surface part of SW limb, responsible for 
origin of interesting oil trap along the Wańkowa 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 1 O km depth ?). In the Leszcza w ka syncline, outside 
of the Chwaniów fold, 8 km NE of Lesko, there is situated 
another borehole, Kuźmina. 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 W ańkowa Kopalnia and Chwaniów folds, 
4.2 km NE of Ustrzyki Dolne. lt 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 Borysław- Pokucie 
zone, penetration of which was the aim of the borehole. 

lt 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 Me~ilitic Shales. In some 
folds the Spas shales and, occasionally, Lower Cretace
ous Bełwin 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 Strwiąż (Ustrzyki Dolne -Chyrów) cross 
section. 

The scale (skiba) fold bunch widens up to. 29 km in 
the Przemyśl 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 
Dynów. In area 18.5 km SW of Przemyśl and 12.5 km 
of the southem margin of the Carpathians, borehole Ci
sowa IG-1 (4,367 m 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 piane . 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. lt 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 Borysław- Pokucie unit, 
which will be discussed below. 

Another important borehole, Bachórzec 1, was localized 
21 km W of Przemyśl 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 rh, 
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 Dobromił-Przemyśl line, 
forming so-called Przemyśl sigmoid. Taking all the details · 
aside for a moment, we would like to ci te an opinion fr om 
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 Rzeszów, which is accompanied 
by some reduction of their inner parts and, therefore, in 
width of the w hole unit to . about 25 km. In the Przemyśl -
Rzeszów section the course of thrust planes in the Flysch 
remą.ins undisturbed and first northward shifts are found 
at the outskirts of Rzeszów. 

Borehole data explained severa! questions concerning 
thickness and development of Miocene strata resting on 
the Flysch in the form of so-called Rzeszów 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 structure 
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 Fiysch was recorded at 3,300 m depth in 
borehole Zgłobień, west of Rzeszów. SW of that town 
inner part of the Skole unit forms a depression (Strzyżew 
depression), up to 15 km wide and almost exclusively 
infilled with the Krosno Beds. 

The Skole unit forms about 1 O km wide puy built of 
Cretaceous rocks and displaying secondary synclined filled 
up with the Eocene, as far as the Wisłoka River valley. 
Basal surface was recorded in a few drillings in this 75 km 
section. Borehole Szufnarowa, situated between the Wisłok 
and Wisloka Rivers, penetrated 3,770 m sequence of the 
Flysch, and borehole Kowal owy, 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 piane, 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 di stance 
of over 5 km. 

The Skole unit crops out at the surface due to above 
mentioned oblique dislocation of the Biała 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 hasał part 



of the unit. A trend to complete disrooting of the unit 
may be noted (borehole Brzozowa l ). The unit completely 
disappears in the Tarnów - Brzesko section and, taking 
into account its lack in borehole columns situated firther 
to the west, S. W dowiarz 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 Carpathiaris 
(Skole unit) overthrust is continuous, except for three places 
in the Rzeszów and Tarnów 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 f urther to the south, und er 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 Przemyśl 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 
2,00.0 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 sequel)ce 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 uni.t 
wedges out westwards of the boreholes Cisowa IG . (l.c.) · 
and Leszczyny l. 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 Przemyśl. The strata contact those of auto
chthoneous Lower Sarmatian, gently dipping northwards. 
Strata of the Stebnik unit reappear in the same position 
east of Rzeszów (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. 

The Balice Beds we re found f urther westwards at 
Ropczyce, where they locally form a southwards dis
rooted exotic several hundred m thick. Towards Tarnów 
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
nów. The extension of this unit of the folded Miocene is 
represented by the widely described Gdów "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, cap.
not be accepted. S. Wdowiarz fully accepts M. Książkie
wicz (1972) doubts concerning these interpretations. 

The question of NW extension of the Borysław

Pokucie zone in the Polish Carpathians has been widely 
discussed in the last thirty years, especialły when some 
deep drillings were made in the Przemyśl- 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-Bałkańskiej Asocjacji Geolo
gicznej , który w 1963 r. odbył się w Polsce, przedstawił 

dorobek Polskiej Geologii przede wszystkim w dziedzi
nie stratygrafii utworów fliszowych, ich sedymentacji oraz 
odtworzenia warunków paleogeograficznych i batymetrycz
nych zbiornika fliszowego. Wynikiem tych prac stała się 
wydana na kongres znakomita praca pięciu autorów „Stra
tigraphie des Karpathes externes polonaises" - F. Bieda 
et al. (1963) oraz „Atlas geologiczny Polski. Zagadnienia 
stratygraficzno-facjalne. Zeszyt 13, Kreda i starszy trze
ciorzęd w polskich Karpatach zewnętrznych" opracowany 
przez 14 autorów pod redakcją M. Książkiewicza. 

Wieloletnie prace kartograficzne w Karpatach znalazły 
swój wyraz w Mapie geologicznej Karpat polskich w skali 
1 : 200 OOO opublikowanej w 1958 r. przez Instytut Geo
logiczny (część zachodnia S. Sokołowski, część wschod
nia H. ~widziński). Na mapie tej dokonano po raz pierwszy 
rejonizacji tektonicznej strefy flisżowej . Za jej objaśnienie 
można uważać tom „Karpaty" w Regionalnej Geologii 
Polski z 1953 r. z tekstami M. Książkiewicza i H . ~wi
dzińskiego . 

W 1963 r. syntezę tej strefy w Karpatach północnych 
i wschodnich podał S. W dowiarz, a M. Książkiewicz 
w 1972 r. szczegółowo scharakteryzował tektonikę Karpat 
polskich. W ramach prac KBAG dla mapy tektonicznej 
Karpat i Bałkanów L. Koszarski, W. Sikora i S. Wdowiarz 
(14) przygotowali odpowiednią mapę jak również i tekst. 
Za. ostateczne można uznać nazwy poszczególnych ele
mentów strefy fliszowej i brzmią one następująco: 1) 
płaszczowina magurska, 2) jednostka przedmagurska, 3) 
jednostka dukielska, 4) płaszczowina śląska, 5) jednostka 
podśląska, 6) płaszczowina skolska, 7) jednostka fliszu 
zewnętrznego, 8) jednostka stebnicka. 

Od przygotow;;i.nia ostatniej pracy doszło wiele nowych 
danych z coraz głębszych otworów górnictwa naftowego 
i Instytutu Geologicznego (Oddział Karpacki). Uznano 
zatem za celowe podanie uczestnikom XIII Kongresu 
Karpa~ko-Bałkańskiej Asocjacji Geologicznej uzyskane 
wyniki, w tym również w podłożu zewnętrznej części strefy 
fliszo\\/ej, jak i w zapadlisku przedkarpackim. O ilości 
napływających materiałów może świadczyć ponad 160 
otworów wykorzystanych przez S. W dowiarza w pracy 



Polska delegacja na XI Kongres Karpacko-Balkańskiej 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 . Jerzmańska, 

K. Żytko, S. Gąsiorowski 

z 1976 r. Do dzisiaj liczba ieh, uwzględniając również 

otwory zlokalizowane ku wnętrzu Karpat, zbliży się do 
300. Od strony przemysłowej wysiłek ten uwieńczyło od
krycie znacznych zasobów gazu. 

Płaszczowina magurska jest najbardziej wewnętrzną 

jednostką wyższ~go rzędu w polskich Karpatach fliszo
wych nasuniętą na utwory jednostki dukielskiej na E oraz 
płaszczowiny śląskiej i jednostek strefy przedmagurskiej 
w części środkowej i zachodniej. Najstarsze jej utwory 
poznane w rejonie okna tektonicznego Mszany Dolnej 
i w otworze Obidowa IG-1 reprezentują alb i cenoman. 
W turonie wykształciły się łupki pstre, a w senonie i paleo
cenie szeroko ro:wrzestrzenione warstwy ropianieckie (ino
ceramowe ). Wyróżnienie w eocenie stref facjalnych, na 
które w czasie fałdowania osadów nałożyły się struktury 
tektoniczne, pozwoliło wydzielić w płaszczowinie magur
skiej pięć podjednostek. 

Począwszy od S są to podjednostki: krynicka, bystrzyc
ka, raczańska, Siar i harklowska. Podjednostkę krynicką 
charakteryzuje obecność w całym eocenie piaskowców 
magurskich w facji muskowitowej. Podjednostkę bystrzyc
ką wyróżniają warstwy beloweskie i warstwy łąckie (margle), 
a raczańską warstwy hieroglifowe. We wszystkich tych 
podjednostkach w górnym eocenie występują piaskowce 
magurskie w facji muskowitowej. 

W podjednostce Siar w dolnym i środkowym eocenie 
rozwinęły się pstre łupki, natomiast w eocenie górnym 
i oligocenie litologicznie podobne do siebie warstwy pod
magurskie i nadmagurskie rozdzielone piaskowcami ma
gurskimi w facji glaukonitowej. Strefa harklowska posia
da zbliżony profil, lecz brak w niej ogniwa piaskowców 
magurskich, a osady eocenu górnego i oligocenu są bar
dziej margliste. Na E od Dunajca najmłodszym ogniwem 
we wszystkich podjednostkach są warstwy makowskie, 
stanowiące facjalny odpowiednik warstw krośnieńskich. 
Ostatnio zostały one wyróżnione także na Podhalu i Ora
wie w podjednostce krynickiej . 

Płaszczowina magurska pofałdowana jest w liczne syn
kliny i antykliny, a ponadto w niektórych miejscach w jej 
obrębie rozwinęły się wewnętrzne zluźnienia. Antykliny 
są na ogół wąskie i często złuskowane, synkliny zaś sze
rokie i płaskie. Na W od Skawy osie struktur fałdowych· 
przybierają kierunek SN - NE, pomiędzy Skawą a Dunaj
cem W - E, a na E od Dunajca zaczynają stopniowo skrę
cać ku S. W najbardziej wschodniej (na terenie Polski) 
części płaszczowiny magurskiej fałdy przybierają kieru
nek NW - SE, wykazują dużą regularność i strome usta-
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wienie. W obrębie płaszczowiny magurskiej występuje 

kilka okien tektonicznych, z których największe jest okno 
Mszany Dolnej. 

Od S płaszczowina magurska oddzielona jest od pie
nińskiego pasa skałkowego ostrym, stromym kontaktem 
tektonicznym. Jej północny brzeg natomiast jest erozyjny 
i posiada urozmaicony przebieg. W części brzeżnej gru
bość tej płaszczowiny wynosi od kilkudziesięciu do kilku
set metrów, a w bardziej wewnętrznych częściach, w głę
bokich otworach stwierdzono grubości 1500 - 2600 m, a w 
strefie przypienińskiej na podstawie danych sejsmicznych 
ponad 4000 m. 

W obrębie płaszczowiny magurskiej rozwinęły się na 
terenie polskich Karpat fliszowych dwa zapadliska śród
górskie wypełnione osadami neogenu i czwartorzędu. 

Są to Kotlina Nowotarsko-Orawska i Kotlina Sądecka. 

Jednostka dukielska zajmuje położenie przejściowe po
między płaszczowiną magurską a śląską: rozwój kredy 
górnej i paleocenu jest zbliżony do jednostki magurskiej, 
a młodszego paleogenu do śląskiej. Wykazuje ona maksi

. mum wypiętrzenia w części wschodniej, nurzając się w 
kierunku NW i chowając się w końcu pod płaszczowinę 
magurską. Szerokość tej jednostki przekracza 40 km, a w 
obrębie jej wyróżnić można dwie podjednostki oddzie
lone od siebie walną płaszczyzną nasunięcia oraz różniące 
się ·stylem tektonicznym. Dane pochodzące z ostatnio 
wykonanych głębokich wierceń (Jaśliska 2 i Zboj 1 na Sło
wacji) wskazują, że płaszczyzna nasunięcia początkowo 

zapada stromo, a następnie, na głębokości poniżej 3000 m 
wypłaszcza się. Minimalny, stwierdzony zasięg nasunię

cia wynosi na S od Wetliny ok. 15 km, natomiast na W od 
Dukli (fałd Skalnika) praktycznie spada do O. Wskazy
wałoby to, że jednostka dukielska w czasie ruchów na
suwczych wykonała rotację lewoskrętną lub przedpole 
uległo rotacji prawoskrętnej podsuwając się pod tę jed
nostkę. 

W bardziej zachodniej części Karpat jednostka dukiel
ska, a przede wszystkim jej część wewnętrzna ukazuje się 

w szeregu okien tektonicznych. Reprezentują one w rzeczy
wistości porwaki tektoniczne przefałdowane wspólnie z 
płaszczowiną magurską, oderwane od podłoża i przesu
nięte ku N. Związek jednostki dukielskiej z jednostką 
Obidowej - Słopnic hie został jeszcze całkowicie wyjaśnio
ny, aczkolwiek istnieje duże prawdopodobieństwo, że ta 
ostatnia reprezentuje nieco odmiennie wykształconą część 
jednostki dukielskiej . 

Jednostka przedmagurska w zachodniej części Karpat 
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polskich wydzielona jest u czoła nasunięcia płaszczowiny 
magurskiej pomiędzy Sporyszem koło Żywca na E a Ko
niakowem i Istebną na W. W jej obrębie wyróżniono dwie 
serie - północną i południową, .budujące . dwie odrębne 
łuski tektoniczne, z których północna nasunięta jest na 
płaszczowinę śląską, a południowa tektonicznie porozry
wana i wprasowana w północną. Senon i paleocen obu serii 
jest reprezentowany przez warstwy „kredy biotytowej", 
a wyższa część paleocenu i eocen przez utwory margliste 
oraz łupkowe, często pstre. W południowej serii w eocenie 
występują również piaskowce i zlepieńce, oligocen na
tomiast reprezentują wapienie koniakowskie (łużańskie) 

i utwory podobne do warstw podmagurskich. W serii pół
nocnej oligocen reprezentowany jest przez warstwy meni
litowe i krośnieńskie. 

W oknie tektonicznym Mszany Dolnej także wyróż

niono dwie serie związane z dwoma elementami tektonicz
nymi. W południowym (zredukowanym tektonicznie) wy
różniono wśród kredowych utworów warstwy lgockie, 
piaskowce ciśniańskie i warstwy „kredy biotytowej", a w 
paleogenie pstre łupki, wa pienie łużańskie i warstwy kroś
nieńskie. W serii północnej, która jest sfałdowana w kilka 
synklin i antyklin, pod serią menilitowo-krośnieńską stwier
dzono utwory „czarnego eocenu", warstwy hieroglifowe, 
pstre łupki i warstwy „kredy biotyt owej". Okno tekto
niczne Mszany Dolnej jest strukturą stanowiącą tektonicz
ne wyniesienie podłoża płaszczowiny magurSftej, ograni
czone dużą dyslokacją cxl S, a ku W kontynuujące się pod 
nasunięciem magurskim po linię Skawy. 

W oknie Klęczan - Pisarzowej wyróżniono silnie za
burzoną serię o eocenie i oligocenie litologicznie zbliżo
nym do północnej serii okna Mszany Dolnej. Obecność 
w serii menilitowo-krośnieńskiej łupków grybowskich, pias
kowców cergowskich i wapieni łużańskich, a w eocenie 
warstw podgrybowskich świadczy, że seria ta nawiązuje 
profilem do serii jednostki grybowskiej w oknach tekto
nicznych w rejonie Grybowa i Ropy. Na N od niej wy
stępuje tzw. łuska Kurowa, w której obecne są utwory 
dolnokredowe wraz z górnymi łupkami cieszyńskimi, 
a w eocenie piaskowcowo-łupkowe warstwy klęczańskie. 

Jednostkę grybowską wyróżniono pcxl płaszczowiną 

magurską w głębokich otworach Obidowa IG-I, Chabów
ka 1, Słopnice- I i 20, gdżie grubość jej dochodzi cxl 500 
do 1000 m. Fakt ten, jak też odległości między znanymi 
jej stanowiskami pozwala przypuszczać, że jest. ona szeroko 
rozprzestrzeniona pod nasunięciem płaszczowiny magur
skiej. 

Z wymienionych wyżej otworów poznana została tek
tonicznie niższa od grybowskiej jednostka, której nadano 
nazwę jednostki Obidowej - Słopnic (jednostka fliszu ze
wnęfrznego ). Rozpoznany profil jej osadów o miąższości 
ok. 2000 m, obejmujący interwał cxl senonu dolnego po 
dolny oligocen, nawiązuje facjalnie do profilu jednostki 
dukielskiej, a odróżnia się od niej jedynie kompleksem 
utworów „czarnego eocenu" liczącym 500- 700 m miąż
szości. Utwory tej jednostki są nachylone na ogół pod 
kątem 20 - 30° i nie wykazują silniejszych zaburzeń tekto
nicznych. 

Płaszczowina śląska odgrywa podstawową rolę w bu
dowie geologicznej strefy fliszowej Karpat. W 1963 r. 
Stanisław Wdowiarz wyraził opinię, że na SE od naszych. 
granic przedłuża się ona w Karpatach ukraińskich (jed
nostka Kostrzycy-Skupowej i Czarnohory) oraz rumuń
skich (jednostka Audia). W tej części wewnętrzną granicę 

płaszczowiny wyznacza jednostka dukielska, natomiast 
granica zewnętrzna może być tylko ekstrapolowana w sze
rokiej na 27 km strefie zbudowanej wyłącznie z warstw 
krośnieńskich. Ku NW wyznacza ją w fałdzie Rabego 
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wąska smuga łupków i margli pstrych, z której na tere
nie Załuża wynurza się kreda dolna w facji śląskiej. 

Granice te wyznaczają centralne synklinorium Karpat, 
tj. obniżoną część płaszczowiny śląskiej. Na wschodnim 
odcinku składa się na nie siedem elementów antyklinal
nych, zbudowanych ze zróżnicowanych warstw krośnień
skich, tylko w wewnętrznej części synklinQrium nawier
cono utwory starsze (Zatwarnica). Stąd ku NW w basenie 
źródłowym Hoczewki pojawiają się na długości 1 O km 
utwory kredy dolnej i górnej w facji śląskiej jako łuska 
Bystrego. Aczkolwiek poszczególne elementy zostały prze
śledzone co najmniej do doliny Wisłoki, to jednak ich bu
dowa ulega znacznym zmianom. Najogólniej ich osie 
podnoszą się ku NW, a amplituda tych ruchów przekra
cza na niewielkich przestrzeniach nawet 3000 m. 

Charakterystyczna jest budowa elementu Besko -Łub
no, który między Wisłokiem a Wisłoką przechodzi w na
sunięcie o amplitudzie do 5 km. Natomiast budowę ele
mentów skrajnych w stosunku do osi synklinorium ce
chuje wybitna dysharmonia wyrażona budową komi
nową górnych części fałdów w stosunku do spokojnych 
części jądrowych. Szczegóły tektoniki poszczególnych ele
mentów zostały wyjaśnione dzięki głębokim wierceniom. 
Utwory kredy dolnej budują czołową część jednostki, 
która na N od Krosna przybiera charakter nasunięcia 

o amplitudzie do 10 km. Ta budowa utrzymuje się dalej 
ku W, przy czym poszczególne elementy ulegają spłyce

niu. Dotyczy to również fałdu Gorlic, którego skompli
kowana budowa została wyjaśniona po wykonaniu kilku 
wierceń. 

N aj bardziej zachodnią część centralnej depresji kar
packiej stanowi synklina Bobowej, wypełniona warstwa
mi krośnieńskimi, która ograniczona jest od S antykliną 
Jankowej, a ku N przechodzi w rozległy fałd Rożnowa -
Ciężkowic, w którego budowie istotną rolę odgrywają 

warstwy godulskie, istebniańskie i piaskowce ciężkowickie, 
Fałd Rożnowa nasunięty jest ku N na fałd Czchowa, 

w którym też dominują utwory górnokredowe. 
Pomiędzy Dunajcem a Skawą płaszczowina śląska 

dzieli się na dwie jednostki o charakterze rozległych syn
klin wtórnie pofałdowanych. Jednostka północna - dol
na rozwinięta ria obszarze Pogórza Wiśnickiego i Lanc
korońskiego stanowi główny pień płaszczowiny śląskiej. 
Jest ona rozczłonkowana na wiele niecek i płaskich syn
klin, wypełnionych warstwami krośnieńskimi, rozdzielo
nych strukturami antyklinalnymi, zbudowanymi z warstw 
godulskich oraz istebniańskich. Wzdłuż północnego jej 
brzegu, ukazują się też utwory dolnej kredy z górnymi 
łupkami cieszyńskimi włącznie. Jednostkę górną stanowi 
nasunięta ukośnie na dolną, tzw. Kra Pogórza Lanckoroń
skiego. Jest to synklina wypełniona warstwami istebniań
skimi i godulskimi. Od linii dyslokacyjnej Skawy ku E 
synklina ta zwęża się, a w rejonie Myślenic zanika. 

Zarówno dolna, jak i górna jednostka ograniczone są 
od S antyklinalną strukturą zwaną strefą lanckorońsko
-żegocińską kontynuującą się ku W jako przedłużenie 

fałdu Czchowa. Stanowi ona stromy fałd, w którego ją
drze ukazują się w licznych oknach tektonicznych utwory 
jednostki podśląskiej. Jego północne skrzydło budują 
warstwy wierzowskie, lgockie i godulskie, a południowe, 
które jest często podcięte i nasunięte na jądro fałdu budują 
warstwy krośnieńskie oraz inne ogniwa paleogenu i kredy. 

Na W od Sk;awy płaszczowinę śląską cechuje najpeł
niejszy rozwój osadów kredowych. Warstw}' cieszyńskie 
występują tu jako dolne łupki cieszyńskie tytonu, wapie
nie cieszyńskie beriasu i górne łupki cieszyńskie wieku 
walanżyn-hoteryw. W górnej kredzie i paleocenie rozwi
nął się potężny kompleks w przewadze piaskowcowo-



-zlepieńc.owy, zbudowany z warstw godulskich i istebniań
skich, którego łączna miąższość może osiągać 3500 m. 
W spągu sztywniejszego kompleksu warstw godulskich 
doszło do odkłucia ich od niżejległych dysharmonijnie 
sfałdowanych utworów, wśród których istotną rolę odgry
wają łupki cieszyńskie dolne. W ten sposób doszło do roz
dzielenia płaszczowiny śląskiej na dolną cieszyńską i górną 
istebniańską. 

Jednostka podśhłska jest ściśle związana z jednostką 
śląską, przy czym przechodzenie w części wschodniej 
utworów kredy górnej w jedną fację utrudnia rozdzielenie 
obu jednostek. Ich granicy można się doszukiwać na NE 
od Leska, gdzie występuje wąska smuga margli węglo
wieckich po zewnętrznej stronie jednostki śląskiej. Zostały 
one również przewiercone w profilu Sanu, gdzie stwier
dzono obecność w marglach kredy dolnej w formie porwa
ków. Jednostkę podśląską śledzono następnie w obszarze 
Grabownicy i Domaradi.a i dalej na W w Węglówce, gdzie 
wychodzi ona na powierzchnię w znanym oknie tektonicz
nym z kredą dolną w podwójnym fałdzie. 

Wierceniami stwierdzono, że leży ona na warstwach 
krośnieńskich jednostki skolskiej, amplituda nasunięcia 
wynosi tu ok. 8 km. Stwierdzono również, iż jądro dolno
kredowe zanurza się ku W i ulega prawie zupełnej redukcji. 
W profilu Wisłoka zalega ona poniżej 2800 m i ma za
ledwie w całości 128 m miąższości przy amplitudzie nasu
nięcia 7 km. 

Między Wisłokiem a Wisłoką sygnalizuje ją spora
·dyczne wystąpienie margli węglowieckich u czoła jednostki 
śląskiej lub w oknach tektonicznych. Ten styl utrzymuje 
się po rzekę Białą, gdzie wielka dyslokacja ucina tę jed
nostkę. Ukazuje się ona na powierzchni dopiero w okoli
cy Bochni i w oknie tektonicznym wewnątrz jednostki 
śląskiej. 

Na W od Dunajca jednostka podśląska jest najbardziej 
zewnętrzną jednostką fliszową Karpat polskich, nasunię
tą na utwory miocenu zapadliska przedkarpackiego. Je
dynie jeszcze w rejonie Brzeska rozerwane płaty . utwo
rów tej jednostki leżą na warstwach krośnieńskich płaszczo
winy skolskiej. Litostratygraficzny inwentarz jednostki 
podśląskiej w jej zachodniej części jest zróżnicowany i wy
raźnie odróżnia się swym rozwojem od utworów jednostki 
śląskiej, a zwłaszcza utworami górnej kredy, paleocenu 
i eocenu, wykształconymi w facjach ·marglistych lub ilasto
.:marglistych. 

Na powierzchni jednostka ta ukazuje się wzdłuż pół
nocnego brzegu Karpat, u czoła nasunięcia płaszczowiny 
magurskiej, a także w licznych oknach tektonicznych, w 
obrębie płaszczowiny śląskiej, z których większość należy 
do strefy lanckorońsko-żegocińskiej. Jak wykazały liczne 
wiercenia jest ona szeroko rozprzestrzeniona pod płaszczo
winą śląską, jednak bywają obszary, gdzie jej brak lub 
zachowuje się w postaci drobnych strzępów wskutek ro
zerwania i wytarcia. Do takich przykładów należy obszar 
pomiędzy Brzeskiem i Bochnią a strefą lanckorońsko
-żegocińską, w którym płaszczowina śląska leży wprost 

· na utworach miocenu zapadliska lub mezozoiku podłoża 
platformowego. 

P9między Bochnią a południkiem Krakowa u czoła 
płaszczowiny śląskiej jednostka podśląska występuje w 
postaci kilku łusek, spośród których dwie większe rozcią
gają się na S od Swoszowic oraz Wieliczki. Dalej na W po 
limę dyslokacyjną Skawy ciągnie się ona jedynie w posta
ci niewielkich wystąpień margli węglowieckich. Dopiero 
w pobliżu Skawy jednostka podśląska rozszeri.a się i róż
nicuje wyraźnie na łuski tektoniczne. Skutkiem cofnięcia 
ku S brzegu płaszczowiny śląskiej w rejonie Wadowic 
jednostka podśląska zyskuje szerokość 12 km. Dalej ku 

W zwęża się a między Sołą i Olzą zachowana jest w postaci 
małych łusek. 

Spośród licznych okien tektonicznych, w których jed
nostka podśląska ukazuje się na powierzchni, należy duże 
ókno Żywca oraz wiele okien strefy lanckorońsko-żego
cińskiej. Na S jednostka ta swym zasięgiem przekracza 
brzeg nasunięcia płaszczowiny magurskiej. Pod nasunię

ciem północnej strefy płaszczowiny magurskiej utwory 
jednostki podśląskiej stwierdzono w profilach głębokich 

wierceń wraz z wycienioną tektonicznie płaszczowiną 

śląską bądź też samodzielnie. 
W rejonie Andrychowa pod nasunięciem płaszczowiny 

śląskiej u jej czoła, a na utworach jednostki podśląskiej 
występują skałki andrychowskie, reprezentowane przez 
mylonity i granitognejsy, wapienie oxfordu i tytonu, wa
pienie i margle senonu, paleocenu i eocenu. 

Płaszczowina skolska, zwana również skibową, zaj
muje czołową pozycję w strefie fliszowej (sensu stricto) 
polskich Karpat między wschodnią granicą państwową 

a okolicami Brzeska na W kontaktując przeważnie bez
pośrednio z zapadliskiem przedkarpackim. Obecność znacz
nych złóż gazu wzdłuż tego kontaktu spowodowała kon
centrację głębokich wierceń, podobnie jak i poszukiwanie 
przedłużenia strefy borysławsko-pokuckiej w obszarze Prze-. 
myśl. - Ustrzyki Dolne. Granica zewnętrzna tej jednostki 
jest więc wyraźna, natomiast z jednostką podśląską jest 
zamaskowana warstwami krośnieńskimi centralnego syn
klinorium. Granica ta staje się wyraźna od obszaru Ustrzyk 
Dolnych ku NW. 

W profilu litostratygraficznym najważniejszą rolę w 
części wewnętrznej odgrywają warstwy krośnieńskie, a w 
nich wąskie bardzo strome jądro antyklin, a w części ze- · 
wnętrznej warstwy inoceramowe kredy górnej, które od 
szerokich antyklin przechodzą w łuski . W pierwszej części 
najgłębszy otwór polskich Karpat Paszowa 1 (721 O m) 
przewiercił profil fliszu do margli krzemionkowych włącz
nie wykazując, że wewnętrzna część jednostki leży bardzo 
głęboko, natomiast wiele odwiertów w zewnętrznej części 
przewiercało utwory fliszowe . 

Kluczowy okazał się tu otwór Cisowa IG-1 na SW od 
Przemyśla, który przewiercił 401 Om fliszu, 70 m jednostki 
stebnickiej, 248 m utworów badenu zalegających bezpo
średnio na łupkach fylitowych prekambru. Nie przewier
cił natomiast fliszu do głębokości 5440 m otwór Brzegi 
Dolne IG na NE od Ustrzyk. Położony 21 km na W od 
Przemyśla otwór Bachórzec przewiercił we fliszu 1300 m 
łupków spaskich zalegających na łupkach prekambru, 
wyznaczając wewnętrzną granicę autochtonicznego mi o
cen u. Autor uważa, że wygięcie ku N czoła Karpat (sigmoi
da przemyska) jest wynikiem potężnej redukcji ku W jed
nostki stebnickiej. 

Podłoże brzeżnej części Karpat podnosi się w kierunku 
NW, aby ponownie obniżyć się znacznie w rejonie Rze
szowa aż po obszar Tarnowa. Na tej przestrzeni jednostka 
skolska jest coraz silniej przykryta przez płaszczowinę 

śląską, jednostkę podśląską, a jej spąg schodzi do głębo
kości ponad 3700 m. Powierzchnia nasunięcia jest zabu
rzona tylko przez dyslokację w okolicy Rzeszowa i na E 
od Tarnowa. Od tego miasta po Brzesko następuje zupełny 
zanik jednostki, co należy uważać za zachodnią granicę 
basenu skolskiego. 

Jednostka stebnicka o charakterze płaszczowiny od
grywa znaczną rolę, w budowie najbliższego przedpola 
Karpat ukraińskich. W obszar Polski wchodzi ona na SE 
od Przemyśla, gdzie nasunięta jest na autochtoniczne 
utwory górnego miocenu. Podstawowym ogniwem są tu 
warstwy stebnickie karpatu ok. 2000 m miąższości budu
jące trzy elementy antyklinalne obalone ku NE. Łupki 
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menilitowe w spągu czołowej części jednostki na SE od 
Przemyśla S. Wdowiarz uważa za olistolity. W otworze 
Leszczyny na SSW od Przemyśla przewiercono pod fli
szem 1300 m warstw stebnickich budujących leżący skręt 
synklinalny, wyznaczający zasięg jednostki pod Karpa
tami. Wzdłuż brzegu Karpat prześledzono ją wierceniami 
na NW od Przemyśla, na E od Rzeszowa i dalej w Ropczy
cach, gdzie tworzy ona odkorzeniony ku S porwak tekto.., 
niczny. Ostatnie wystąpienia warstw stebnickich stwier
dzono w okolicy Brzeska. 

Zagadnienie NW przedłużenia strefy borysławsko-po
kuckiej w Polsce jest dyskutowane od trzydziestu lat. 
W świetle analizy materiałów z wierceń w obszarze Prze
myśl- Ustrzyki wydaje się możliwe jej nawiercenie na SW 
od otworu Leszczyny. 

PE31-0ME 

VI KoHrpecc KapnaTcKo-oa!1KaHcKol1 Accouau111111, Ko

Topb1i1 coaepw111I1CR a noilbwe a 1963 r., npeACTaa·111t1 

AOCT1A>t<eH1AR nonbCKol1 re0Ilorn111 npe>t<Ae acero a o6!1aCTIA 

CTpaT111rpaqn1111 cpI11AWeBblX OTI10>KeHl1H, IAX CeA1AMeHTau11111, 

a TaK>t<e aoccTaHoBI1eH1AR na!leoreorpacpw1ecK111x 111 6ani:'· 

MeTp1114ecK111x yciloBIAH cpI1111weaoro 6accel1Ha. Pe3YI1bTa

TOM 3TIAX pa6oT RBilReTCR 113AaHHaR no CilyYato KoHrpecca 

pa6oTa nRTl1 aBTOpOB „CTaT1Arpacp11R BHeWHIAX noilbCKIA·~, 
Kapnn" - et>. óeAa 111 AP· (1963), a TaK>t<e Jeo!lor114ecK11l1 

aT!laC noilbWIA, CTpaT1Arpacp1114eCK1A-cpaL\1AaI1bHble BOnpo~" 

Cbl, BblnYCK 13, Me!l 11 CTapWIAH TpeTIA4HblH nep110A BO 

BHeWHl1X noI1bCK11X KapnaTax" - pa3pa6oTaHHblH 14 aa

TopaM11 noA peAaKu11el1 M. Kd!H>t<Kea1114a, Pe3yilbTaTOti. 

KapTorpacp114eCKl1X pa6oT npoBOAl1MblX B Te4eHl11A MHO

rnx IleT B KapnaTax RBilReTCR reoI10fl14eCKaR KapTa no!lb

CK11X KapriaT a Macwn6e 1: 200 OOO, cocTaBileHHaR ą 

1958 r. B reoI10fl14eCKOM VlHCTIATyTe (3anaAHaR 4aCTb -

C. CoKOilOBCKIA, aocTo4HaR YaCTb - X. CBIAA31AHbCK1A). 

Ha nol1 KapTe anepab1e npoaeAeHo pal10H111poaaH11e TeK~ . 

TOHIA4eCKOH cpI11AWeBOH 30Hbl. np111Me4aHIAR K 3TOH KapTe 

HaxoARTCR a ToMe „KapnaTb1" PernoHa!lbHOH re0Ilorn111 

noI1bWl1 IA3AaH HOH B 1953 r„ COAep>t<aw.el1 TeKCTbl M. 
KceH>t<i<ea114a 11 X . CBIAA31AHCKoro. 

B 1963 r . c111.HTeT11YecKyto pa3pa6oTKY nol1 30Hbl a 

ceaepHblX 111 aocTo4Hb1x l\apnanx CAe!lail C. BAOBR>K, 

a a 1972 r. M. KceH>t<Kea114 npeACTaB11I1 noApo6Hyto xa

paKTep111cT111Ky TeKTOHIAKIA noilbCKIAX KapnaT. B paMKax 

pa6oT KoAr AilR TeKTOHIA4eCKOH KapTbl KapnaT · IA oail

KaHOB n KowapCKIA, B~ C11Kopa IA c. BAOBR>K (1974) co

CTaBIAJllA COOTBeTCTBeHHYIO Ka-pTy IA TeKCT. Ha OCHOBaHl11A 

acex .3TIAX TPYAOB MO>KHO np111HRTb CI1eAytow.11e Ha3BaHIAR 

OTAeilbHblX 3JleMeHTOB cpI11AWeao11 30Hbl : 1) MarypcKIAH 

HaABIAr, 2) npeAMarypcKaR eA11H11ua, 3) AYKe!lbCKaR eAIA

Hl1L\a, 4) Cl1Ile3CKl1H HaABl1r, 5) nOACl1Ile3CKaR eAIAHIAL\a, 

6) CKOI1bCK11H H(iABl1r, 7) CTe6Hl1L\KaR eA11Hl1L\a. 

C Toro apeMeHIA, KOrAa 6b1I11A npoaeAeHbl 3Tl1 pa6oTbl, 

np116blI10 MHOrO HOBblX AaHHblX noily4eHHblX 113 BCe 

6o!lee rny60K11x CKBa>t<11H HecpTRHoro ropHoro Aena · 11 

reoI10rlA4eCKOro 111HCTl1TYTa (KapnaTCKoe OTAe!leH11e). 

MarypcK11H H(iABl1r RBilReTCR Ha1160Ilee BHyTpeHHeH 

eAl1Hl1L\eH BblCWeH KaTerop1.rn B nOI1bCK11X cpI11AWeBblX 

KapnaTax. OH nepeMew.eH K ceaepy Ha oTI1o>KeH11R c11-

Ile3cKoro HaAB11ra 11 eA11Hl1L\ npeAMarypcKoH rpynnbt Ha 

3anaAe 11 AYKe!lbCKOH eAl1Hl1L\bt Ha aocToKe. C tora oH 

rpaHl1411T OCTpbtM, KpYTblM TeKTOHl14eCK11M KOHTaKTOM 

c neHl1HCKOH yTeCOBOH 30HOH. Ero OTI10>KeH11R npeA

CTaBilRIOT r!laBHbtM o6pa30M aepxH11l1 Me!l 11 naneoreH. 

Ha1160!1ee . pacnpocTpaHeHbt a Hl1M ponRHe1.1K11e CI1011 

(ceHoH-na!leoueH) 11 MarypcK11e necYaH11K111 (aepxH11i1 

30L\eH- Hl1>KHl1H oI111ro1.1eH). CaMbtMIA MOI10AbtM11 ocaA-
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KaM11 RBilRIOTCR HaAMarypcK11e 11 MailbL\OBC~IAe CI1011 (H1A>K

Hl1H OillAfOL\eH) . 

YYeTb1BaR cpa1.111a!lbHYto pa3HOCTb 30L\eHoBbtx OTI10-

>t<eH11l1 11 IAX TeKTOHl1KY B MarypcKOM HaABIAre BbtAeileHO 

nRTb cpau1AaI1bHO-TeKTOHl14eCK11X 30H. rI1y61AHHOe TeKTO

HIA4eCKOe cTpoeH11e MarypcKoro HaAB11ra pa3BeAaHo pR

AOM 6ypoBblX CKBa>Kl1H, TaKl1X KaK: 061AAOBa 111r-1, Xa-

6yaKa-1, ToKapHR 111r-1 . Twe6yHi:t 111r-1. Cyxa oeCKIAA3-

Ka 111r-1 , ob1cTpa 111r-1 . 

AyKe!lbCKaR eA1AH1AL1a HaxoAl1TCR a nepexoAHOH no-

31AL\111A Me>KAY MarypCK11M 11 Cl1Ile3CK11M HaABl1raMIA: pa3Bl1-

T1Ae aepxHero Mena 11 na!leoueHa noxo>t<e Ha MarypcK11l1 

HaABl1r, a MilaAwero na!leoreHa - Ha c11!1e3cK11l1. 0Ha 

MaKC11 MaI1bHO nOAHRTa B BOCT04HOH 4aCTIA, K ceaepy

-3anaAy norpy>t<aeTCR, CKpbtBaRCb no.o. MarypCK11M HaABl1-

r oM . B AYKeI1bCKol1 eA11H111.1e . MO>t<Ho Bb1AeI111Tb ABe noAb

eA11H11L1b1 c pa3HblM TeKTOHl14eCK11M CTpoeH11eM, pa3Ae

m:iHHbte HaABl1rOM, KOTOpblH - KaK BbtKa3aI111 CKBa>Kl1Hbl 

.Rc!111CKa 2 11 36011 1 - cnepaa norpy>t<aeTCR KpyTo , a Ha 

rny611He OKOI10 3000 M CTaHOBl1TCR 6o!lee nI10CK11M . 

EA11Hl1L\bl npeAMarypcKoi.130Hbt npeACTaB!leHbl npeA Ma

r ypcKoi.1 eAl1Hl1L\OH c.c„ BbtAe!leHHOH y cppOHTa MarypcKoro 

HaABl1ra B 3anaAHOH 4aCTl1 noI1bCK11X KapnaT, a TaK>Ke 

eAl1Hl1L\aM11, KOTOpb1e nORBilRIOTCR B TeKTOHl14eCK11X OKHax 

MarypcKoro HaABl1ra IA nOA HaABIArOM (rpb160BCKaR eAl1-

H IA L\a) . BepxH11l1 Me!l 11 na!leoueH 3Tl1X eA11H1AL\ noxo>t< 

Ha MarypCK11H HaABl1r, a MilaAWIAH na!leoreH - Ha CIAI1e3-

CK11H HaAa11r. KpoMe noaepxHOCTHbtx 111cc!leA0BaH11l1 3Tl1 

eA11Hl1L\bl pa3BeAaHbl rI1y6oK11MIA CKBa>K11HaM11, TaK11M11 KaK 

nop3M6a BeilbKa 111r-1 11 HeA3BeA3b 1 B TeKTOHl14eCKOM 

OK He MwaHbl AoilbHOH IA 0611AOBa 111 r-1, Xa6yaKa 1, 

CilonHIAL\e 1 11 20 noA MarypcK11t1 HaABIArOM . 

EA1AH11ua 0611AOBol1-CI1onH11u pa3BeAeHa a Bb1we

np11BeAeHHblX CKBa>K11Hax KaK TeKTOHl14eCKIA Hl13WaR 4eM 

rpb16oacKaR eA11H11ua. Ee OTI1o>KeH11R ao3pacTa c Hl1>K

Hero ceHoHa AO 0!111roueHa cpau11aI1bHO 6!1113Klil K AYKeI1b

cKol1 eAIAHl1L\e, HO OTI1114ałOTCR OT HeH 6o!lb_WOH MOW.

HOCTbłO ocaAKOB „4epHoro 30L\eHa" . 

C11!1e3CKIAH HaABl1r 11rpaeT rilaBHYIO pOilb B reoI10flA-

4ecKoM CTpoeHl111 cpI111weaol1 30Hbl KapnaT. no MHeHl111 

c. BAOBR>Ka (1963) K toro-BOCTOKY OT nOI1bCK11X rpaHl1L\ 

oH npoAOil>t<aeTCR a YKpa11HCK1Ax KapnaTax (eA11Hl1L\bl: 

KocTw111.1b1-CKynoaol1, LfapHoropb1) 11 a PyMblHCK11x Kap

nanx (eA11H111.1a AyA11R). BHYTpeHHtoto rpaH111.1y c11!1e3-

. cKoro HaAa11ra onpeAe!lReT AYKe!lbCKaR eA11H111.1a, a 3a

naAHYto - MarypcK11i1 HaAB11r. K ceaepy oH 4aCTl14HO 

HaABl1HyT, BMeCTe c ocaAKaM11 noAC11Ile3CKOH eAl1Hl1L\bl, 

Ha OTI10>KeH11R CKOilbCKoro H(iA.B11ra B BOCT04HOH 4aCTIA 

1-1 Ha ocaAKIA M1101.1eHa npeAKapnaTcKoro nporn6a a 3a

naAHOH 4acT11. BocT04HaR YaCTb c11!1e3CKoro HaAB11ra, 

HaxoARW.aRCR a npeAeilax ueHTpa!lbHoro KapnaTcKoro 

C11HKI1111H0p11R, COCTOl1T 113 CeM11 aHTl1KI111HaI1bHblX 3Ile

MeHTOB, CilO>KeHHblX A11cpcpepeHL\1ApoaaHHblMl1 KpocHeH-

CK11Ml1 CI10RMl1. K ceaepo-3anaAy oc11 CKI1aA4aTbtX 

3IleMeHTOB nOAH11MałOTCR, a OTAeilbHbte 3IleMeHTbl 

cTaHoB11TCR ace 6o!lee MeI1K11Ml1. K 3anaAy OT peK11 

AyHae1.1 113-3a 3Tl1X 113MeHeH11l1, rnaaHyto poilb a 

CTpoeHl111 HaABl1ra 11rpatoT rOAYilbCKIAe CI1011 (ceHoH), 

a TaK>t<e 11cTe6HRHCK11e CI1011 (ceHoH-na!leoueH), a K 3a

naAy OT peK11 CKaBbl TaK>t<e 11 cTapw11e..-0TI1o>KeH11R, a TOM 

41ACI1e TaK>Ke uew11HCK11e CI1011, KOTOpblX CaMyto Hl13KYIO 

4aCTb C!laratoT OCaAK11 Tl1TOHa. rI1y611HHOe CTpoeH11e CIA· 

!1e3cKoro HaAB11ra, oco6eHHO K aocToKy OT Mep11A11aHa 

KpaKoaa, pa3BeAaHo MHOfl1Ml1 rny60K11M11 ci<aa>t<11HaM11 . 

noACl1Ile3CKaR eAl1H11Ua HaXOAl1TCR y cppoHTa Cl1Ile3-

CKoro HaABIAra, B TeKTOHl14eCK11X OKHax 11 B ero OCHO

BaHl11A. 0Ha CIAilbHO TeKTOHl14eCKl1 aKT11BHa, 4ewyl14aTaR, 

pa3opBaHa, a MeCTaM11 COBCeM CTepTaR. 0TI10>KeHl1R H11>K-


