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Miocenska dynamika polskiej cz~sci zapadliska przedkarpackiego 

Nestor Oszczypko* 

The Miocene dynamics of the Carpathian Foredeep in 
Poland 

Summary. The Outer Western Carpathians are built up of a 
stack of nappes and thrust-sheets overthrust onto the Miocene 
deposits of the Carpathian Foredeep. However, along the frontal 
Carpathian thrust, a narrow zone of folded Miocene deposits was 
developed (Fig. 1). The basement of the Carpathian Foredeep 
represents the epi-Variscan platform and its cover. The present-day 
structure of the basement was formed during the Late Alpine conti­
nental collision. The depth of the platform basement ranges from few 
hundred metres up to 3 500 m in the Carpathian Foredeep, whereas 
in the south of the Carpathian margin, this value oscillates from 500 
to 4500 m (Z-l, Fig. 1) in the west, and from 2000 to 7000 m (1(-1 
borehole, Fig. 1) in the east, respectively. The magneto-telluric soun­
dings in the Polish Carpatbians revealed a high resistivity horizon 
connected with a consolidated-crystalline basement (Rylko & TomaS, 
1995). The depth of the crystalline basement varies from 3-5 km in 
the northern part of the Carpathians, dips to approximately 15-20 
km at its deepest point, then peaks at about 8-10 km in the southern­
most part (Fig. 2). The axis ofthe basement depression coincides more 
or less with the axis of the gravimetric minimum. 
In the Polish part, the width of the outer foredeep (outside the 
Carpathians) varies between 30-40 km in the western segment up 
to 90 km in the eastern one. The outer foredeep is fIlled up with 
Badenian and Sarmatian marine deposits, from few hundred up 
to about 3 500 m in thickness. The inner foredeep located beneath 
the Carpathian nappes is more than 50 km wide (Oszczypko & 
Sll!czka, 1989). The inner foredeep is composed of the Lower to 
Middle Miocene autochthonous deposits of up to 1500 m thick. 
The Lower Miocene deposits are mainly terrestrial in origin, 
whereas the Badenian and Sarmatian deposits are marine. The 
oldest - Burdigalian (Ottnangian-Karpatian ) deposits, up to 
1000 m thick, have been pierced in the drilling Zawoja-l (Fig. 1). 
These deposits are composed of conglomerates passing upwards 
into variegated claystones and mudstones and contain a 200 m 
thick, flysch-derived olisthoplaca (Moryc, 1989). The Badenian 
deposits in Poland are traditionally subdivided into the lower 
(sub-evaporatic), middle (evaporatic) and upper (supra-evapora­
tic) ones, which do not fit (Fig. 3) with new chronology of the 
Central Paratethys (Steininger et al., 1990). 
In this paper the terms: Lower, Middle and Upper Badenian 
used in lithostratigraphic sence are in brackets. The Lower 
Badenian begins with conglomerates passing upwards into 
dark, clayey-sandy sediments. The thickness of the "Lower 
Badenian" deposits is variable, reaching up to 1000 m in the 
western inner foredeep, whereas in the remaining part of the 
inner foredeep rarely exceeds 30-40 m. According to the na­
nnoplankton study, the formation belongs to NN 5 zone, and in 
the uppermost part to NN 6. The evaporitic horizon (anhydrites 
and salts), traditionally regarded as "Middle Badenian", over­
lies these deposits or rests directly upon the platform basement. 
The age of the evaporitic horizon could be estimated as the 
uppermost part of the NN 5 up to NN 6/ NN 7 zones (Andre­
eva-Grigorovich, 1994; Peryt & Peryt, 1994; Gaidzicka, 1994). 
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The evaporatic horizon passes upwards into "Upper Bade­
nian"-Sarmatian (NN 8/9 zone, see Gaidzicka, 1994) sandy-sil­
ty deposits with a thick sandstone complex at the base. Their 
thickness ranges from a few hundred metres in the Tarn6w 
area up to 3000 meters near Przemysl. In the Rzesz6w area 
these deposits rest directly on the platform basement. 
The burial history was constructed on the basis of selected wells 
(Z-I, BIG-I, D-l, Al-ll, H-42, M-83; Figs 1,4,5). The compu­
tation procedures of Van Hinte (1978), Sclater & Christie 
(1980), and Angevine et al. (1990) have been used. In the 
construction of total subsidence curve the decompacted sedi­
ment load and paleobathymetry were used. For the wells (Z-I, 
BIG-I, D-l) located in the Carpathians the post nappe tectonic 
load was additionally regarded. Backstripped subsidence was 
corrected using simplified Airy isostasy model and paleobat­
hymetry. The total subsidence was 1,5-1,8 times higher than 
tectonic subsidence (Tab. 1). The subsidence of the inner fore­
deep was strongly controlled both by the sediment and nappe 
load. In the case of Z-1 borehole (Fig. 4) the nappe loading took 
place at least two times. In the outer foredeep (Al-ll) the 
influence of the nappe load was indirect. The Carpathian Fo­
redeep began to form during the Middle Burdigalian period, 
simultaneously with the folding, overthrust and inversion ofthe 
Outer Carpathians (Oszczypko & Sll!czka, 1985, 1989). The 
northern edge of the Early Miocene foredeep was located 
about 20 to 50 km south from present-day position of the frontal 
Carpathian thrust, whereas the axis of subsidence more or less 
coincided with axis of the depression of the magneto telluric 
basement (Figs 1, 2, 6). The basin was dominated by the conti­
nental (red beds) sedimentation and filled up mostly with the 
products of erosion of the emerged platform. Total subsidence 
in the area of the Zawoja-l borehole (Fig. 4) reached at least 
1500 m (1,0 mm/a). Towards the east, the subsidence increased 
up to more than 2000 m (Sambor-Rozniatow unit). At that time 
the Cieszyn-Slavkov Ridge was in foreland bulge position. In 
the Sucha Beskidzka-Cieszyn area the Lower Miocene depo­
sits consist of two horizons containing flysch olistoplacas deri­
ved from the front of the contemporaneous Carpathians 
(Oszczypko & Tomas, 1985). The upper olistostroma was pro­
bably connected with overthrusting of the SilesianlSubsilesian 
units onto the Lower Miocene molasses (Early Styrian Phase). 
As a result the front of the Carpathians was shifted 15 km 
towards the north (Fig. 6). The Lower Miocene deposits addi­
tionally loaded by the flysch nappes caused an extra subsidence 
about 2000 km (2,0 mm/a). This subsidence enabled transgres­
sion of the Early Badenian sea onto the Carpathians. The Early 
to Middle Badenian subsidence was highly differentiated, from 
few dozen metres in the outer foredeep up to more than 1000 
m in the inner foredeep (Figs 4, 5). The Lower Badenian axis 
of subsidence was located 20 to 40 km to the south of the present 
position of the Carpathian frontal thrust (Fig. 1). During the 
evaporitic sedimentation the rate of subsidence was very low. 
In the Rzesz6w area this quiescent period was probably char­
acterised by viscoelastic relaxation, and uplift of the Rzesz6w 
Paleo-ridge. This uplift was probably connected with erosion 
of the "Lower Badenian" deposits ("Rzesz6w Island"). After 
the salinity crisis the Carpathians shifted 20--30 km towards north­
east. It caused "Upper Badenian" subsidence up to 1500 rn, collapse 
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of the Rzesww Paleo-ridge, and a new sea transgression onto the 
Carpathians. The Sannatian depocenter was located in the NE part 
of the basin that was oblique to the Carpathians. The total subsidence 
was up to 3 000 ID. At the end of Sannatian the Carpathians moved 
towards the NE and reached present-day position. It was probably 
followed by the regional regression of sea. 
The Miocene subsidence in the Carpathian Foredeep was due 
to the foredeep sediments and thrust-induced load (Fig. 7). 
However, Royden & Karner (1984) proved that this load was 
insufficient to create observed deflexion of the foreland plate, 
and postulated existence of an additional subsurface load on the 
subducted plate. During the Lower to Middle Miocene (7,8 ma) 
mean rate of the frontal Carpathian thrusting, is approximated as 
7,7-12,3 mm1a. During that time, the loading effect of thickening 
Carpathian wedge on foreland plate increased. It caused an incre­
ase of total subsidence. During the Late Badenian-Sarmatian time 
the rate of overthrusting was less than that of pinch-out migration 
(13,8 mm1a) and this resulted in basin widening (Allen & Allen, 
1992). The Early to Middle Miocene shifting of the Carpathian 
wedge resulted in migration of depocenters and onlapping of the 
successively younger deposits onto the foreland plate. The Miocene 
foreland stratigraphy of the Carpathian Foredeep was controlled 
by deflection of the foreland plate (Figs 1, 3, 7) (Oszczypko & 
Slllczka, 1989). 

Polskie Karpaty stanowiq fragment wielkiego lancucha 
g6rskiego 0 dlugosci ponad 1 300 km, biegnqcego od okolic 
Wiednia po Zelaznq Bram~ na Dunaju. Na zachodzie lqczq 
si~ one z Alpami W schodnimi, ana wschodzie z Balkanami. 
Tradycyjnie Karpaty Zachodnie dzieli si~ na starsze (g6mo­
kredowe) pasmo faldowe nazywane Karpatami wewn~trz­
nymi i mlodsze (oligocensko-srodkowo-miocenskie), znane 
jako Karpaty zewn~trzne lub fliszowe (ryc. 1). Na granicy 
obu pasm jest usytowany pieninski pas skalkowy. Polskie 
Karpaty zewn~trzne tworzy wiele jednostek strukturalnych 
wyzszego rz~du (plaszczowin). Liczqc od poludniq Sq to 
plaszczowiny: magurska, grupa przedmagurska (grybo­
wska, dukielska), slqska, podslqska oraz skolska. Plaszczo­
wina magurska stanowi srodkowooligocenskq pryzm~ 
akrecyjnq, nasuni~tq na dolno-srodkowo-miocenskq pryzm~ 
(moldawidy, Sandulescu, 1988), utworzonqzjednostekgru­
py przedmagurskiej, slqsko-podslqskiej i skolskiej. W calo­
sci Karpaty zewn~trzne Sq plasko nasuni~te na miocenskie 
osady zapadliska przedkarpackiego. 

Wzdluz czola Karpat fliszowych wyst~puje wqska strefa 
miocenu sfaldowanego utworzona z jednostek stebnickiej i 
zglobickiej. lednostki allochtoniczne tworzq rodzaj wqskiego, 
zapadajqcego na poludnie klina. Zapadlisko przedkarpackie 
jest wypelnione dolno-srodkowo-miocenskim molasarni, po­
wstalymi przed czolem nasuwajqcych si~ Karpat fliszowych. 
Na przedpolu Karpat miqiszose osad6w miocenskich docho­
dzi do 3500 m (ryc. 1), a pod nasuni~ciem karpackim, nie 
przekracza zazwyczaj 1 000 m. Podobnie jak w innych 
rowach przedg6rskich (Homewood i in., 1986, Allen & 
Allen, 1992) dynamika zapadliska przedkarpackiego, a 
zwlaszczajego subsydencja, zostala uwarunkowana wielo­
ma czynnikami. Wsr6d najwazniejszych wymienie mozna: 
spr~zysto-elastyczne wlasciwosci podloza platformowego, 
wielkose obciqzenia nowopowstalymi osadarni molasowymi 
oraz nasuwajqcym si~ orogenem, paleobatymetri~ oraz okreso­
we wahania poziomu morza. Odtworzenie sybsydencji wymaga 
w miar~ dokladnych danych 0 litologii, srodowisku sedymenta­
cyjnym oraz wieku osad6w. W przypadku zapadliska przedkar­
packiego zagadnienia te nie byla dotychczas szerzej rozpatrywane 
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(por. Oszczypko i in. , 1993). Ostatnio badania nad miocen­
skq subsydencjq polskiej cz~sci zapadliska przedkarpackie­
go zostaly podj~te przez autora w ramach tematu Analiza 
basenu trzeciorzr;;dowego Przedkarpacia prowadzonego przez 
Paiistwowy Instytut Geologiczny. Wst~pne wyniki tych badaii 
zostaly przedstawione naXV Kongresie KBGA w Atenach (Osz­
czypko,1995). 

Struktura podloza platformowego zapadJiska 
przedkarpackiego i Karpat zewn~trznych 

Podloze zapadliska oraz brzeznq cz~se Karpat (ryc. 2) 
rozpoznano na podstawie bardzo licznych wiercen - pro­
wadzonych przez Gomictwo Naftowego i Paiistwowy Insty­
tut Geologiczny - oraz badan geofizycznych (sejsmika, 
grawimetria, sondowania magnetoteluryczne). Podloze to 
stanowi platforma epiwaryscyjska i jej pokrywa permsko­
mezozoiczna (Oszczypko i in., 1989). W sp6lczesna struktu­
ra podloza uformowala si~ w okresie p6inoalpejskiej kolizji 
kontynentalnej porni~dzy plytq p6lnocnoeuropejskq i mi­
kroplytq slowacko-panonskq. Skonsolidowane podloze 
tworZq proterozoiczne skaly krystaliczne i proterozoiczno­
wczesnopaleozoiczne metasedymenty. Gl~bokose podloza 
platformowego w zapadlisku waha si~ od kilkuset metr6w 
do 3 500 m, a w rozpoznanej wierceniami cz~sci Karpat 
wartosci te wynoszq odpowiednio od 500 do 5 000 m cz~sci 
zachodniej (otw6r Zawoja-l) oraz od 2 000 m do 7 000 m 
w cz~sci wschodniej (Kuimina-l, ryc. 1). 

Sondowaniami magnetotelurycznymi wykryto wysoko­
oporowy poziom, prawdopodobnie zwiqzany ze stropem 
skonsolidowanego podloza (Rylko & Tomas, 1995). W 
brzeznej cz~sci Karpatjego strop znajduje si~ na gl~b. 3-5 
km. W kierunku poludniowym obniza si~ on az do 15-20 
km, po czym w najbardziej poludniowej cz~sci, ponownie 
podnosi si~ do gl~bokosci 8-10 km (ryc. 2). Os obnizenia w 
przyblizeniu pokrywa si~ z osiq regionalnego minimum 
grawimetrycznego. Badaniami geomagnetycznymi wykry­
to r6wniez lini~ zerowych wartosci wektora Wiesego, bye 
moze wyznaczajqcq poludniowq kraw~di platformy p6lnoc­
noeuropejskiej. Zachodnia cz~se zapadliska charakteryzuje 
si~ blokowq strukturq podloza, podczas gdy w cz~sci 
wschodniej Sq widoczne gl~bokie struktury erozyjne. Te 
dowiqzujqce do kierunku NW-SE paleodoliny, zostaly wyero­
dowane w okresie paleogenu-wczesnego miocenu. Erozja zo­
stala poprzedzona ruchami laramijskimi, w nast~pstwie 
kt6rych powstaly uskoki inwersyjne 0 kierunku NW-SE, zna­
ne z p6lnocnej cz~sci zapadliska (Oszczypko i in., 1989). W 
czasie srodkowomiocenskiej ekstensji cz~se tych uskok6w 
ulegla odnowieniu. 

Osady miocenskie zapadJiska i Karpat fliszowych 

W zapadlisku przedkarpackim wyr6znie mozna cz~se 
zewn~trznq, lezqcq na p6lnoc od Karpat oraz cz~se wewn~­
trznq ukrytq pod nasuni~tymi Karpatami (Ney, 1968). W 
cz~sci zewn~trznej wyodr~bniajq si~ trzy r6zniqce si~ od 
siebie segmenty: zachodni 0 kierunku SW-NE i szerokosci 
30-40 km, srodkowy (r6wnoleznikowy), kt6rego szerokose 
w okolicach Krakowa zw~za si~ do 5-10 km oraz wschodni 
o kierunek NW -SE i szerokosci do 90-100 km. Zapadlisko 
zewn~trzne jest wypelnione srodkowomiocenskimi osada­
mi morskimi 0 miqzszosci od kilkuset metr6w w p6lnocnej 
brzeznej cz~sci do ok. 3 500 m w cz~sci poludniowo­
wschodniej (Ney i in., 1974). 

Pod nasunivciem Karpat fliszowych znajduje si~ zap ad-






















