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The Ce no zoic tec tonic evo lu tion of the Pol ish Plat form re flects re peated changes in load ing con di tions at the Al pine–Carpathian and
Arc tic–North At lan tic mar gins of the Eu ro pean con ti nent. Af ter the Late Cre ta ceous–Paleocene main phase of the Mid-Pol ish Ba sin in -
ver sion, a sec ond phase of lim ited up lift of the Mid-Pol ish Swell oc curred dur ing the Mid dle–Late Eocene. End Eocene and Early
Oligocene sub si dence of nar row grabens on the Fore-Sudetic Monocline was co eval with nor mal fault ing in the East Al pine foredeep ba -
sin and the de vel op ment of the Cen tral Eu ro pean rift sys tem. At the same time the Outer Carpathian flysch bas ins were re ar ranged, pre -
sum ably in re sponse to the build-up of compressional stresses at crustal lev els, whilst sub si dence and ero sion pat terns changed in the
Carpathian Fore land from be ing dom i nated by the NW–SE trending Mid-Pol ish Swell to be ing con trolled by the de vel op ment of the
W–E trending Meta-Carpathian Swell. At the end of the Oligocene the Fore-Sudetic graben sys tem prop a gated into the area of the
Trans-Eu ro pean Su ture Zone and the Sudetes and re mained ac tive dur ing the Early and Mid dle Mio cene. This was par al leled by in ten si -
fied subduction ac tiv ity and thrust ing of the Carpathians and the de vel op ment of their flex ural foredeep ba sin. A short early Sarmatian
ep i sode of base ment in volv ing transpression along the SW mar gin of the Mid-Pol ish Swell cor re lates with the ter mi na tion of north-di -
rected nappe trans port in the Outer Carpathians. This was fol lowed by east ward mi gra tion of the sub si dence cen tre of the Carpathian
Foredeep Ba sin and the grad ual ter mi na tion of tec tonic ac tiv ity in the grabens of the Pol ish Low lands. Af ter a pe riod of post-orogenic re -
lax ation the pres ent-day compressional stress re gime built up dur ing the Plio cene and Qua ter nary. In ten si fied ridge push forces ex erted
on the Arc tic–North At lan tic pas sive mar gins con trib ute to this compressional stress field that is dom i nated by col li sion-re lated stresses
re flect ing con tin ued in den ta tion of the Adri atic Block. This se quence of events is in ter preted in terms of chang ing tec tonic loads in the
Carpathians, Alps and at the NW pas sive mar gin of Eu rope. The com plex and diachronous in ter ac tion of me chan i cally cou pled and un -
cou pled plates along col li sion zones prob a bly un der lies the tem po rally vary ing re sponse of the Carpathian Fore land that in ad di tion was
com pli cated by the het er o ge neous struc ture of its litho sphere. Pro gres sively in creas ing ridge push on the pas sive mar gin played a sec -
ond ary role in the stress dif fer en ti a tion of the study area.
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INTRODUCTION

In this con tri bu tion we re view the post-Paleocene evo lu tion 
of the Pol ish Carpathian Fore land and com pare it with load ing
con di tion of the Eu ro pean litho sphere at the Al -
pine–Carpathian col li sion zone and at the Arc tic–North At lan -
tic pas sive mar gin. The area ad dressed in cludes both the prox i -
mal fore land of the orogen, namely the flex ural foredeep of the
Outer Carpathians, and the dis tal fore land, which is lo cated be -
yond the flex ural forebulge and ex tends north ward into the
Bal tic Sea. Dur ing the time span con sid ered, the evo lu tion of
the Carpathian Fore land was con trolled by re peated changes in
the stress field that can be re lated to the fi nal stages of the Al -
pine–Carpathian col li sion and the open ing of the Arc tic–North

At lan tic Ocean. In the fol low ing we will high light how the seg -
ment of the Eu ro pean litho sphere that is lo cated in front of the
Carpathians re sponded to far-field changes in the tec tonic set -
ting of the Eu ro pean con ti nent.

Stresses trans mit ted across col li sion zones into fore lands
can vary in time and space both in in ten sity and di rec tion. In -
tense thrust ing within an accretionary wedge can co ex ist with
ex ten sion in the fore land as well as in the hin ter land plate (e.g.,
Royden, 1993). Main stress gen er at ing forces, which play a
dom i nant role in col li sion-re lated pro cesses, can be gen er ally
di vided into con ver gence driv ing and con ver gence re sist ing
ones (Forsyth and Uyeda, 1975; Kusznir, 1991; Bott, 1993).
Forces driv ing con ver gence com prise far field ridge push
forces and pull of a subducting slab. Forces coun ter act ing con -
ver gence are first of all fric tion due to basal drag and de for ma -



tion, buoy ant body forces re lated to par tially subducted con ti -
nen tal crust and ten sional body forces in her ent to the to pog ra -
phy and den sity struc ture of moun tain ranges (Molnar and
Lyon-Caen, 1988). In a typ i cal set ting a bal ance be tween con -
stit u ent forces evolves from a dom i nance of far field com pres -
sion dur ing the ini ti a tion and early stage of subduction, through 
grow ing slab pull forces due to the vol ume in crease of the
subducting oce anic slab, to the grad ual build ing up of forces
which re sist con ver gence af ter con ti nent-to-con ti nent col li sion
has oc curred. In the com plex in ter ac tion be tween these forces
the rhe ol ogy of the litho sphere and pre-ex ist ing tec tonic struc -
tures play an im por tant role. 

The spe cific prob lem we ad dress is the collisional in ter ac -
tion be tween an evolv ing orogenic wedge and its pro-wedge
con ti nen tal fore land litho sphere. Un der such a collisional set -
ting, the stress field in the fore land de pends first of all on
whether the up per plate orogenic wedge is me chan i cally cou -
pled with the subducting lower plate or whether they are me -
chan i cally de coup led ow ing to e.g. sed i ment subduction
(Ziegler et al., 2002).  Un der con di tions of strong me chan i cal
cou pling of the up per and lower plate, compressional stresses
can be ef fec tively trans mit ted from the col li sion zone into the
fore land (Ziegler et al., 2002). This re quires strong fric tion be -
tween the col lid ing plates that is com mon dur ing the fi nal stage
of con ti nent/con ti nent col li sion but can also oc cur dur ing the
ini tial col li sion of an orogenic wedge with a pas sive mar gin, as
seen dur ing the Paleocene col li sion of the East Al pine orogenic 
wedge with the Eu ro pean mar gin (Ziegler et al., 1998, 2002;
DÀzes et al., 2004). Un der con di tions of me chan i cal de coup -
ling of the col lid ing up per and lower plates, ten sile stresses may 
be ex erted on the fore land litho sphere by slab pull mech a nisms. 
Re lated stresses in crease with an in creas ing vol ume of the
subducted oce anic litho sphere (Wortel et al., 1991) that may be 
as so ci ated with in creas ing subduction-re lated vol ca nism in the
back-arc do main. It should be re al ized, how ever, that once
subduction of con ti nen tal fore land litho sphere has com -
menced, de tach ment of the subducted oce anic lithospheric slab
can oc cur, trig ger ing re lated vol ca nic ac tiv ity that is only in di -
rectly re lated to subduction pro cesses (Von Blankenburg and
Davies, 1995). De tach ment of a subducted slab from the fore -
land litho sphere causes in stant de cay of slab pull forces and
iso static re bound of the fore land litho sphere and the orogenic
wedge (Ziegler et al., 2002). 

An ad di tional source of ten sional stresses is re lated to de -
flec tion of the fore land litho sphere in re sponse to loads im -
posed on it by the orogenic wedge and the subducted
lithospheric slab, con trol ling the de vel op ment of fore land bas -
ins (Turcotte and Schu bert, 1982; Stockmal and Beau mont,
1987; Royden, 1993; Andeweg and Cloetingh, 1998). De pend -
ing on the am pli tude and wave length of the de flec tion of the
fore land litho sphere, the crust of fore land bas ins can be af -
fected by an ar ray of ba sin-par al lel gen er ally small-scale nor -
mal faults, which de vel oped in re sponse to bend ing stresses.
Whilst the width of a fore land ba sin es sen tially de pends on the
elas tic thick ness of the fore land litho sphere and the mag ni tude
of loads im posed on it, the build-up of col li sion-re lated
compressional stresses can cause nar row ing and deep en ing
of a foreland ba sin, thus in creas ing flex ural bend ing stresses
(Ziegler et al., 2002). As ten sional stresses in her ent to the to -

pog ra phy of orogens and the buoy ancy of their crustal roots
(Coblentz et al., 1994) die out at the mar gin of moun tain ranges
they do not sig nif i cantly af fect fore land do mains (Bott, 1993;
Bada et al., 2001). There fore, their con tri bu tion to the stress
field in front of an orogen can be ne glected. 

Un der con di tion of es sen tially de coup led col li sion, ma jor
thin-skinned de for ma tion of the sed i men tary cover of the fore -
land can oc cur, as seen in the Ca na dian Cor dil lera (Price, 1981).
This is as so ci ated with subduction of the crust and lithospheric
man tle of the fore land plate. Dur ing the evo lu tion of fore-arc
fore land bas ins, and de pend ing on the level of me chan i cal de -
coup ling of the subducting lower plate with the evolv ing
orogenic wedge, ei ther slab-pull forces are ex erted on the fore -
land or compressional stresses build up within it dur ing the de -
vel op ment of a thin-skinned fold-and-thrust belt. This can ac -
count for the de vel op ment of dif fer ent stress sys tems within the
thrust belt and its un der ly ing base ment as well as in the
undeformed sed i men tary cover of the fore land and its base ment. 

Al though col li sion-re lated forces at the Al pine–Carpathian
ac tive mar gin of the West and Cen tral Eu ro pean Phanerozoic
Plat form are re garded as cru cial for its state of stress, loads im -
posed on its other mar gins can not be ne glected. Whilst through -
out Ce no zoic times the East Eu ro pean Craton and the
Fennoscandian Shield pro vided a sta ble but tress for the
Phanerozoic Eu ro pean Plat form (Jarosiñski and D¹browski,
2006), the dy namic set ting of the At lan tic mar gins un der went
sig nif i cant changes dur ing the Paleogene. With the end
Paleocene crustal sep a ra tion be tween Green land and Eu rope the
long-stand ing ten sional set ting of the Eu ro pean At lan tic mar gins
ter mi nated (Ziegler, 1988) and be came grad u ally re placed by a
compressional one as ridge push forces grad u ally built up dur ing
the pro gres sive open ing of the Arc tic–North At lan tic Ocean
(Rich ard son and Cox, 1984). Whilst stresses re lated to the evo lu -
tion of the Pyr e nees (Verges and Gar cia-Senez, 2001; Andeweg, 
2002) and ther mal asthenospheric in sta bil i ties re lated to vol ca nic 
ac tiv ity as so ci ated with the Eu ro pean Ce no zoic rift sys tem 
(Prodehl et al., 1995; Wil son and Downes, 2006) played an im -
por tant role in the Ce no zoic evo lu tion of the stress field in the Al -
pine Fore land (DÀzes et al., 2004) they are prob a bly sub or di nate
in the Carpathian Fore land (Ziegler and DÀzes, 2007).

The ob jec tive of this pa per is to com bine dis persed data per -
tain ing to the Ce no zoic evo lu tion of the Carpathian Fore land
that is in dic a tive for stress-con trol ling mech a nisms. We spe cif -
i cally at tempt to take a broader area into ac count than is usu ally
con sid ered when try ing to cor re late tec tonic pro cesses of the
orogen-fore land sys tem of Po land. This ap proach pro vides for
a better un der stand ing of dy namic pro cesses that con trolled the
evo lu tion of the fore land, which in turn have im pli ca tions for
un rav el ing tec tonic pro cesses that played a role in the de vel op -
ment of the orogenic wedge. 

GENERAL STRUCTURAL SETTING

The area un der con sid er ation cov ers the fore land of the
North ern Carpathians, the base ment of which com prises a com -
plex set of con trast ing tec tonic units, rep re sented by the East
Eu ro pean Craton (EEC) and the West and Cen tral Eu ro pean
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Palaeozoic Plat form (Fig. 1). The EEC is a me chan i cally strong 
and tec toni cally sta ble unit (Jarosiñski et al., 2002) that was
con sol i dated dur ing the Mid dle Pro tero zoic (Bogdanova et al.,
1996; Claesson et al., 2001) and is char ac ter ized by a rel a tively
low pres ent-day heat flow (Szewczyk and Gientka, 2009). The
Palaeozoic Plat form of West ern and Cen tral Eu rope de vel oped
dur ing two ma jor stages, in volv ing the Cal edo nian ac cre tion of
Avalonia-type ter ranes and the Variscan ac cre tion of the
Armori can-type ter ranes (Ziegler, 1990; Pha raoh et al., 2006).
A com plex ar ray of smaller ter ranes that is wedged in be tween
the mar gin of the EEC and the Cal edo nian and Variscan ter -
ranes forms part of the Trans-Eu ro pean Su ture Zone (TESZ)
(Po¿aryski, 1991; Belka et al., 2002; Nawrocki and Poprawa,
2006). A num ber of fault zones of the TESZ were se lec tively
re ac ti vated dur ing Ce no zoic times. 

Dur ing the Permo-Me so zoic the Pol ish Ba sin de vel oped on 
the base ment of the TESZ. The main sub si dence cen tre of this
ba sin, which over laps the Teisseyre-Tornquist Zone (TTZ), is
re ferred to as the Mid-Pol ish Trough (e.g., Dadlez, 1989;
Krzywiec, 2006a). This trough was in verted dur ing the Late
Cre ta ceous and Paleocene into the Mid-Pol ish Swell (MPS)

(e.g., Dadlez, 1989; Ziegler, 1990; Krzywiec, 2006b; Fig. 1).
Fol low ing ero sion of the MPS and neigh bour ing ar eas, the
north ern parts of Po land formed a low ly ing sta ble plat form that 
was only tem po rarily flooded by shal low ma rine trans gres sions 
dur ing Eocene, Oligocene and Mio cene times (Piwocki and
Ziembiñska-Tworzyd³o, 1997). Cor re spond ingly, the north ern
part of Po land is re ferred to as the Pol ish Low lands. 

The south ern mar gin of the Palaeozoic West and Cen tral
Eu ro pean Plat form was af fected by rift ing dur ing the Tri as sic,
re sult ing in the open ing of the oce anic Meliata Ba sin (e.g.,
Dercourt et al., 1990), dur ing the Mid dle Ju ras sic, pre ced ing
open ing of the South Penninic–Vahic Ocean (Schmid et al.,
2004), and dur ing the Early Cre ta ceous, con trol ling sub si dence 
of the West ern Outer Carpathian bas ins (Poprawa et al., 2002a; 
S³omka et al., 2002; Oszczypko, 2006). The West Carpathian
pas sive mar gin un der went con trac tion dur ing the Late Cre ta -
ceous and Paleocene (Andrusov et al., 1973; Dercourt et al.,
1990; Poprawa et al., 2004) as ev i denced by the on set of
flysch-type sed i men ta tion (Oszczypko, 2006). This was ac -
com pa nied by the build-up of intraplate compressional stresses, 
which con trolled the lat est Cre ta ceous and Paleocene in ver sion
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Fig. 1A — study area on the back ground of the tec tonic map of Cen tral Eu rope (mod i fied af ter Berthelsen, 1992);  B — tec tonic set ting of the
Pol ish part of the Carpathian Fore land with out Ce no zoic cover (sim pli fied af ter Dadlez et al., 2000)

 B-VM  — Bruno-Vistulicum Mas sif; FSM — Fore-Sudetic Monocline; HCMts. — Holy Cross Moun tains; MM — Ma³opolska Mas sif; RG — Rhine
Graben; STZ — Sorgenfrei-Tornquist Zone; TESZ — Trans-Eu ro pean Su ture Zone; TTZ — Teisseyre-Tornquist Zone



of the Mid-Pol ish Trough (Krzywiec, 2006b). In ter mit tent
crustal short en ing per sisted in the West ern Carpathians dur ing
Paleogene and early Neo gene times and ended dur ing the Late
Mio cene. The In ter nal West ern Carpathian Wedge (IWCW),
lo cated south of the Pieniny Klippen Belt su ture, formed part of 
the ALCAPA (East Al pi ne–Car pathian–Pannonian) Block up -
per plate whilst the nappe sys tems of the Outer Carpathians
were de tached from the south ward subducting lower plate Eu -
ro pean fore land litho sphere. The Outer Carpathians con sist of
sev eral stacked nappe units, the most im por tant of which are
the Magura, Dukla, Silesian, Subsilesian and Skole units that
mainly con sist of flysch-type and pe lagic sed i ments
(Ksi¹¿kiewicz, 1977; Oszczypko, 2006). These es sen tially
thin-skinned nappes, which ac count for a few hun dred kilo -
metres of short en ing (Behrmann et al., 2000), over ride an
autochthonous, Neo gene fore land ba sin se quence, which rests
un con form ably on Me so zoic sed i ments that in turn un con form -
ably over lay Palaeozoic se ries and/or the Pre cam brian base ment
(Oszczypko, 1997, 2006). 

DATA USED

This pa per is largely based on a com pi la tion of pub lished
and un pub lished data, partly col lected by the au thors. Con -
straints on Ce no zoic sed i men tary se quences and their dis tri bu -
tion are pro vided by bore holes, which are widely dis trib uted
through out the ana lysed area. Def i ni tion of the pres ent-day
stress field is based on bore hole data and in volved break out and 
hy drau lic frac tur ing anal y ses on al most a 100 wells (Jarosiñski, 
2005a, b). 

In the foredeep ba sin of the Outer Carpathians a dense grid
of good qual ity re flec tion-seis mic pro files (Jarosiñski, 1999b;
Jarosiñski and Krzywiec, 2000; Krzywiec, 2001), cal i brated by 
nu mer ous bore holes, pro vides close con trol on its tec tonic evo -
lu tion. To the north of the Carpathian Foredeep Ba sin, where
seis mic ac qui si tion was fo cussed on deeper tar gets, such as
Perm ian hy dro car bon traps be low the Pol ish Ba sin, the thin Ce -
no zoic se quence is poorly im aged on avail able pro files. In spite 
of this draw back, a few high-res o lu tion shal low seis mic pro -
files are avail able for the Damas³awek and Kleszczów de pres -
sions (Krzywiec et al., 2000). 

An other set of data used in the pres ent study co mes from
struc tural anal y ses of out crops. These are, how ever, not nu mer -
ous ow ing to the thin, though al most con tin u ous Qua ter nary
cover of the Pol ish Low lands. There fore, ana lysed out crops are 
lim ited to brown coal (Gotowa³a and Ha³uszczak, 2002) and
na tive sul fur (Jarosiñski, 1992) opencast mines, as well as a
small num ber of mi nor out crops in the Carpathian Foredeep
(Rauch, 1998; Krysiak, 2000; Rauch-W³odarska et al., 2006). 

We also re fer to the re sults of pre vi ous nu mer i cal mod el -
ling, in clud ing tec tonic sub si dence mod ell ing of the Outer
Carpathian flysch bas ins (Poprawa et al., 2002a, 2006) and the
foredeep ba sin (Oszczypko, 1998, 2006). More over, we as -
sessed the sources of the pres ent-day stress field of Cen tral Eu -
rope by com par ing the World Stress Map da ta base (Reinecker
et al., 2003, Jarosiñski, 2005a) with the re sults of fi nite el e ment 
mod el ling (Jarosiñski et al., 2006).

CENOZOIC PALAEOGEOGRAPHY AND
SUBSIDENCE PATTERNS IN NORTHERN POLAND

The Paleogene and Neo gene re gional up lift and sub si dence
pat terns of the Pol ish Plat form north of the Outer Carpathian
Ba sin pro vide valu able con straints for tec tonic ver ti cal crustal
move ments and con trol ling mech a nisms. Be low, we out line the 
re gional sub si dence trends whilst the sub si dence of lo cal
grabens will be dealt with in the next para graph. It should also
be kept in mind that on the Pol ish Plat form much of the Ce no -
zoic time span is rep re sented by hi a tuses (Fig. 2).

In the Pol ish Ba sin, chalk sed i men ta tion per sisted into the
Early Paleocene (Po³oñska, 1997), al beit with an in creas ing in -
flux of clastic ma te rial that was mostly de rived from east ern
sources on the EEC and prob a bly also from the axis of the
grow ing Mid-Pol ish Swell (MPS). With a few lo cal ex cep tions, 
Paleocene sed i ments are pre served only to the NE of the MPS
in a shal low and wide de pres sion where they at tain thick nesses
of about 30 m, whilst fur ther east on the EEC they reach a max i -
mum thick ness of 100 m. In some parts of the MPS, rem nants
of Paleocene sed i ments rest un con form ably on Late Cre ta ceous 
strata (Kramarska et al., 1999; Dadlez et al., 2000), thus tes ti fy -
ing to an end-Cre ta ceous in ver sion phase for the MPS
(Krzywiec, 2006b). 

Through out the Pol ish Ba sin, a ma jor ero sional gap spans
Late Paleocene to early Mid dle Eocene times (Fig. 2; e.g.,
Piwocki, 2001), in di cat ing that dur ing the Late Paleocene a
much wider area was up lifted than the in verted MPS only. On
the Pol ish Plat form, sed i men ta tion re sumed dur ing the late
Mid dle Eocene with ma rine trans gres sions ad vanc ing from the
North Sea into NW Po land and from the Carpathian do main
through East ern Po land into the Bal tic Sea area (Po¿aryska and
Odrzywolska-Bieñkowa, 1977). Dur ing Eocene times the MPS 
acted as a top o graphic bar rier be tween fau nal prov inces
(Fig. 3A). This is ev i denced by the dom i nance of a Med i ter ra -
nean (Tethyan) fauna in the de pres sion that flanks the MPS to
the NE, whilst a Bo real fauna dom i nates the de pres sion on the
SW flank the MPS (Po¿aryska and Odrzywolska-Bieñkowa,
1977). Pe ri odic mix ing of both fau nas in di cates that the two
fau nal realms were in ter mit tently con nected with each other,
per haps across the rel a tively low re lief MPS or ei ther in the
Bal tic do main or in South ern Po land, from where Eocene de -
pos its have been re moved by ero sion. The ex tent of Eocene
sed i ments into South ern Po land is lim ited by ero sion across the
Meta-Carpathian Swell that was pe ri od i cally up lifted dur ing
the Oligocene and Mio cene. Mid dle and Late Eocene de pos its,
rest ing dis cor dantly on older strata, are pre served in shal low
de pres sions that flank the MPS (Fig. 3A) and in which they at -
tain max i mum thick nesses of up to 50 m in their north ern parts
and up to 100 m in their south ern parts (Piwocki, 2004). The
pres ent-day dis tri bu tion of Eocene de pos its sug gests that the
MPS ei ther un der went mi nor in ver sion dur ing the Mid dle and
Late Eocene or pre sented at these times an ero sional high.
How ever, the oc cur rence of Eocene de pos its in mar ginal de -
pres sions flank ing the MPS is in a fa vour of the first op tion. 

Com menc ing with the Oligocene the sub si dence pat tern in
the Pol ish Low lands was no lon ger in flu enced by the NW–SE
trending MPS. In stead, the E–W trending Meta-Carpathian
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Swell started to con trol sed i men ta tion as ev i denced by the
pinch out of Oligocene de pos its on its north ern slope (Fig. 3B).
North of the Meta-Carpathian Swell, Oligocene sed i ments at -
tain thick nesses of 60–100 m, rest con form ably on Eocene ones 
and over step the crest of the MPS where they are only slightly
thin ner (Piwocki, 2004). The ab sence of Oligocene mar ginal
de pres sions flank ing the MPS may in di cate that its sec ond ary
in ver sion had ceased at the end of the Eocene (Fig. 3B).

Dur ing the Neo gene the Carpathian Foredeep Ba sin and the 
Cen tral Eu ro pean Ba sin formed part of two dis tinct fau nal
prov inces. From the Mio cene on ward the flex ural forebulge,
which de vel oped at the place of the Meta-Carpathian Swell,
sep a rated these bas ins, thus con trib ut ing to ward the iso la tion of 
the ex otic Paratethys fau nal prov ince and the re sult ing dif fi cul -
ties in pre cise strati graphic cor re la tion of Neo gene se ries of the
Carpathian and North Pol ish do mains (e.g., Steininger and
Rögel, 1984; Olszewska et al., 1996). In con junc tion with up -
lift of the forebulge the south ern seg ment of the MPS was sub -
jected to ero sion at the be gin ning of the Mid dle Mio cene
(Fig. 3C). In the Pol ish Low lands Neo gene de pos its at tain out -
side lo cal grabens an av er age thick ness of 150 m and reach a
max i mum of 350 m on the Fore-Sudetic Monocline (Piwocki et 
al., 2004). By con trast, the sed i men tary fill of the Carpathian
Foredeep Ba sin in creases rap idly south ward with
Badenian–Sarmatian se ries ex ceed ing a thick ness of 2000 m
(Oszczypko, 1997). 

In the Pol ish Low lands, the top part of the Ce no zoic sec tion
is com posed of Pleis to cene gla cial de pos its, typ i cally in the
range of 100 to 200 m thick. These form an al most con tin u ous
cover as far south as the Carpathians and the Sudetes. On a re -
gional scale the thick ness of these de pos its is con trolled by the
ex tent of gla ciers rather than by tec tonic sub si dence (Lindner,
1992). Nev er the less, many lo cal thick ness vari a tions have been 
at trib uted to the in ci sion of ero sional chan nels, glacitectonics
and fault ing (Zuchiewicz, 2000).

EOCENE–MIOCENE FAULTING IN THE POLISH
LOWLANDS AND GRABEN DEVELOPMENT

Ce no zoic sed i ments de pos ited north of the Carpathian
Foredeep and the Sudetes are es sen tially undeformed, apart
from ac tive salt-in duced struc tures and nar row grabens oc cur -
ring in cen tral and SW Po land (Fig. 4). These grabens, which
are 1–2 km wide, sev eral kilo metres long and sev eral hun dred
me ters deep, have at Me so zoic lev els the con fig u ra tion of neg a -
tive flower struc tures, sug ges tive of their transtensional or i gin
(Widera et al., 2008). These struc tures ap par ently de vel oped by 
re ac ti va tion of base ment dis con ti nu ities, which had de vel oped
dur ing the Tri as sic–Early Ju ras sic un der a ten sional set ting and, 
com pa ra ble to the MPS, un der went par tial in ver sion dur ing the
Late Cre ta ceous un der a NE–SW di rected transpressional re -
gime (Deczkowski and Gajewska, 1980; Lamarche et al.,
2002). Al though these Ce no zoic grabens ac count for only
small amounts of ex ten sion they are im por tant stress in di ca tors.

The old est ENE–WSW and N–S trending grabens started to
de velop dur ing the lat est Late Eocene on the Fore-Sudetic
Monocline to the SW of the Poznañ–Oleœnica lin ea ment
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Fig. 2. Gen er al ised Ce no zoic chrono- and lithostratigraphic pro file
for the Pol ish Low lands and Carpathian Foredeep com piled af ter

Piwocki and Ziembiñska-Tworzyd³o (1997), Oszczypko (1999),
Piwocki and Kramarska (2004)
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Fig. 3. A changes in Ter tiary de po si tion pat terns, com piled af ter Vinken (1988), Stankowski, (1996), Wa¿yñska (1998) and Piwocki (2004)

A — Eocene up lift and ero sion of Mid-Pol ish Swell and sub si dence of shal low mar ginal de pres sions; B — Oligocene up lift of Meta-Carpathian Swell and
gen tle sub si dence of Pol ish Low lands; C — Mio cene sub si dence of nar row Carpathian Foredeep Ba sin, co eval up lift of forebulge, re sid ual ba sin in Pol ish
Low lands and ero sion of the south ern seg ment of the Mid-Pol ish Swell

Fig. 4. Mio cene tec tonic fea tures of the Carpathian Fore land, 
com piled af ter Dyjor (1983), Kasiñski (1984), Oszczypko

(1997), Jarosiñski (1999b) and Krysiak (2000)

The Mid-Pol ish Swell (MPS) is lim ited to the sub-crop ping Ju ras sic
rocks be low the Ce no zoic cover. Oligocene-Plio cene ba saltic vol ca -
nism is shown for the Lower Silesia. In the Carpathian Foredeep tec -
tonic fea tures are only shown for its outer parts. DD — Damas³awek
De pres sion; EG — Eger Graben; KG — Krzywin Graben; KIG —
Kleszczów Graben; KrG — Krzeszowice Graben; LG — Lubstów
Graben; MOD — Mid dle Odra Fault Zone; PKG —
Paczków–Kêdzierzyn Graben; POL — Poznañ–Oleœnica lin ea ment;
RFZ — Roztocze Fault Zone; RMG — Roztoka–Mokrzeszów
Graben; SMF — Sudetic Mar ginal Fault; WOD — Wielkie Oczy
dyslocation; ZD — Zittau De pres sion; w.s., c.s., e.s. — west ern, cen -
tral and east ern seg ments of the West ern Outer Carpathians and their
foredeep ba sin



(Deczkowski and Gajewska, 1980), whereas salt dome-re lated
de pres sions of this age oc cur in the Szczecin Trough. For the
Poznañ–Oleœnica Graben sys tem bore hole data from the Krzywin
Graben in di cate an ini tial lat est Eocene and Early Oligocene sub -
si dence stage (Kasiñski, 1984; Widera et al., 2008; Fig. 5A), dur -
ing which 130 m thick ma rine-la goonal sed i ments con tain ing
brown coal in ter ca la tions were de pos ited. Dur ing this stage the
north ern seg ment of this graben sys tem sub sided faster than its
south ern parts. Af ter a Late Oligocene break in sed i men ta tion,
sub si dence of these grabens re sumed, as ev i denced by the ac cu -
mu la tion of 300 m thick Early Mio cene limnic and flu vial sed i -
ments con tain ing brown coal seams (Kasiñski, 1984). An up to
100 m thick coal seam se quence was de pos ited dur ing the Mid dle
Mio cene, whilst the cen tre of sub si dence shifted to the south ern
seg ment of the graben sys tem (Widera et al., 2008). Dif fer en tial

sub si dence of the Krzywin Graben may have con tin ued dur ing the 
Late Mio cene and Plio cene, as in di cated by lat eral thick ness
changes of the or der of 20–50 m. Some of this sub si dence can,
how ever, be at trib uted to com pac tion of the older coal- and
clay-rich graben fill. The com pac tion co ef fi cient, which de fines
the ra tio be tween the depositional and pres ent thick ness of sed i -
ments, is 2 and 2.5 for the first and the sec ond lig nite seam, re spec -
tively (Widera, 2002). As lig nite com pac tion is fast dur ing its early 
burial stages, this mech a nism may un der lay the ob served Late
Mio cene graben sub si dence.

East of the Poznañ–Oleœnica lin ea ment, sim i lar grabens
started to de velop to wards the end of the Oligocene or at the be -
gin ning of the Mio cene in re sponse to the re ac ti va tion of ma jor
tec tonic lin ea ments form ing part of the TESZ. In some of these
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Fig. 5. Grabens in Pol ish Low lands

A — Late Eocene–Late Mio cene the Krzywin Graben, lo cated in the cen tre of Poznan–Oleœnica graben sys tem, and Late Oligocene–Late Mio cene the
Kleszczów Graben (af ter Kasiñski, 1984; for lo ca tion see Fig. 4); B — pat tern of faults cross ing the Kleszczów Graben with dextral transversal dis place -
ment dur ing the Sarmatian and youn ger phases (af ter Gotowa³a and Ha³uszczak, 2002; sim pli fied); C — zoom on the top of sed i men tary fill of Kleszczów
Graben (af ter Ha³uszczak and Gotowa³a, 1999) show ing Sarmatian (SUS) and Cromerian (CUS) un con formity sur faces (x2 ver ti cal ex ag ger a tion); Q1 and 
Q2 — Up per and Lower Qua ter nary, UM-Pl —  Up per Mio cene–Plio cene?, MM — Mid dle Mio cene; D — in ter pre ta tion of shal low seis mic pro file across
the Mio cene de pres sion over the Damas³awek salt diapir. Flat ten ing at the top Mid dle Mio cene sur face shows thick ness in crease of the ear lier sed i ments,
which is less than the scale of sub si dence due to com pac tion of lig nite-bear ing strata. Fi nal struc tur ing dur ing Late Mio cene and the Qua ter nary up lift. Cr
— Cre ta ceous; Cr + Ol — Cre ta ceous and Oligocene sand stone, un dif fer en ti ated; MM1 and MM2 — Mid dle Mio cene coal bear ing sed i ments, lower and
up per se quences, re spec tively; UM — Up per Mio cene, Sarmatian clay com plex; Q — Qua ter nary 



grabens opencast brown coal min ing per mits to closely con -
straint their struc tural evo lu tion.

The best-doc u mented Kleszczów Graben de vel oped at the
in ter sec tion of tec tonic struc tures within the TTZ to the NW of
the Holy Cross Mts. (Fig. 5A, B). Late Oligocene–Early Mio -
cene sub si dence of this graben was driven by transtensional re -
ac ti va tion of con ju gate WSW–ENE and NW–SE trending
faults in re sponse to WNW–ESE di rected com pres sion, en -
hanced by NNE–SSW di rected ex ten sion (Gotowa³a and
Ha³uszczak, 2002). Dur ing the late Mid dle Mio cene, purely
nor mal fault stress con di tions de vel oped while the di rec tion of
ex ten sion shifted to ward N–S. Af ter this phase, sub si dence of
the graben ceased and ac cu mu la tion of lig nite-bear ing de pos its
ended. Fi nally, dur ing the Sarmatian the Kleszczów Graben
was mildly in verted, in volv ing the de vel op ment of lo cal thrust
faults and up lift of a gen tle anticline that was fol lowed by ero -
sion (Gotowa³a and Ha³uszczak, 2002). Pannonian and early
Pleis to cene de pos its rest dis cor dantly on an ero sional sur face
(Fig. 5C). Whilst their thick ness in creases into the graben, there 
is no ev i dence for syn-depositional fault ing. There fore, this
thick ness in crease may re flect dif fer en tial com pac tion of the
graben fill with re spect to graben shoul ders, rather than a fur -
ther extensional pulse. Fi nally, dur ing the Pleis to cene
(Cromerian Stage) the cen tral part of Kleszczów Graben was
de formed in a transpressional mode cre at ing a youn ger ero -
sional sur face (Fig. 5B). This may re flect transpressional re ac -
ti va tion of the main transversal fault zone that un der lies the
Dêbina salt dome. Within the Kleszczów Graben Ce no zoic se -
ries at tain a thick ness of up to 400 m; part of the un der ly ing
sub si dence may, how ever, be at trib uted to with drawal of the
Zechstein salt from the rim syncline of an ad ja cent salt dome.

On top of some Zechtein salt diapirs de pres sions be gan to
sub side at the same time as the grabens; this is sug ges tive of a
com mon con trol ling mech a nism. For ex am ple, on top of the
Damas³awek salt diapir, that is as so ci ated with a NW–SE
trending salt swell within the TTZ, an oval-shape, fault-bounded
de pres sion be gan to sub side dur ing the Early Mio cene in which
brown coal bear ing sed i ments were de pos ited (Fig. 5D;
Jarosiñski, 1999a; Krzywiec et al., 2000). Dur ing the Late Mio -
cene this de pres sion was in verted, in volv ing the de vel op ment of
pos i tive flower struc tures. More over, the Damas³awek De pres -
sion re cords also mi nor Pleis to cene compressional re ac ti va tion
(Fig. 5D). Early and Mid dle Mio cene sub si dence of the
Damas³awek De pres sion and its Late Mio cene and Pleis to cene
in ver sion are in ter preted to re flect, re spec tively, transtensional
and transpressional re ac ti va tion of the NW–SE trending
sub-Zechstein fault that un der lies the salt swell from which the
Damas³awek diapir rises (Jarosiñski, 1999a). 

CENOZOIC TECTONIC EVOLUTION 
OF THE SUDETIC AREA 

The main phases of the Ce no zoic evo lu tion of the Sudetes
and the Fore-Sudetic Block cor re late with those ev i dent in
other parts of the Pol ish Low land Plat form. None the less, more
in tense fault ing with sig nif i cant ver ti cal off sets, as well as the
oc cur rence of vol ca nism is spe cific for this area. Dur ing the
Paleocene and the Eocene the area of the Sudets and
Fore-Sudetic Block was up lifted and sub jected to ero sion. Dur -

ing the Oligocene and Mio cene ma rine in gres sions reached this 
area from the Cen tral Eu ro pean Ba sin (Oberc, 1972). Only dur -
ing Mid dle Mio cene times was the east ern Sudetic Ba sin linked 
with the Carpathian Foredeep Ba sin. 

Ter tiary de pos its in the Sudetes and on the Fore-Sudetic
Block fill nar row sub si dence cen ters, fre quently lim ited to
grabens (Dyjor, 1983). The larg est of these grabens, the
Paczków–Kêdzierzyn and Roztoka–Mokrzeszów grabens,
which are lo cated along the Sudetic Mar ginal Fault Zone, be gan
to sub side dur ing the lat est Oligocene to Early Mio cene (Dyjor,
1976; Fig. 4). Dur ing this ini tial sub si dence stage, ma rine sed i -
men ta tion in these grabens was con trolled by W–E trending
faults along which bas alts erupted dur ing the Early Mio cene.
Dur ing the Mid dle Mio cene con ti nen tal coal-bear ing sed i ments
ac cu mu lated in these grabens. Dur ing the Late Mio cene, re ac ti -
va tion of NW–SE trending faults pre vailed. A fur ther graben, re -
ferred to as the Zittau De pres sion, de vel oped at the junc tion be -
tween NW–SE trending set of the Sudetic faults and NE–SW
trending faults in the con tin u a tion of the Eger Graben (Kasiñski,
1984). This de pres sion was filled by up to 400 m thick sed i ments 
dur ing four depositional cy cles (Kasiñski, 2004). Sed i men ta tion
com menced in the Zittau De pres sion to ward the end of
Oligocene (cy cle 1). Sub si dence, ac com pa nied by fault ing in -
creased dur ing the Early Mio cene depositional cy cles 2 and 3,
both of which ter mi nate with thick lig nite seams (Karoñ, 2000).
The lower Mid dle Mio cene cy cle 4 at tains a max i mum thick ness
of 250 m and con tains dis trib uted lig nite seams. This se quence is
disconformably cov ered by Plio cene coarse clastics lack ing ev i -
dence for tec toni cally con trolled sub si dence.

A char ac ter is tic fea ture of the Sudetes and the Fore-Sudetic
Block is the Oligocene, Mio cene and Plio cene ba saltic vol ca -
nism. This vol ca nic ac tiv ity, which is wide spread in the area of
the Eger vol cano-tec tonic zone of the Bo he mian Mas sif
(Ulrych et al., 1999), did, how ever, not re sult in the ex tru sion of 
thick traps in the ter ri tory of Po land that cov ers the NE pe riph -
ery of this vol ca nic prov ince. The ini tial Oligocene phase of
vol ca nism (30–26 Ma) was widely dis trib uted over Lower
Silesia (e.g., Birkenmajer et al., 2004). Bas alts of the sec ond
Oligocene–Early Mio cene cy cle (26–18 Ma) have a more re -
stricted dis tri bu tion and are lo cal ized within the Sudetes and
along their mar ginal fault. The third stage of vol ca nism strad -
dling the Mio cene/Plio cene bound ary (5.5–3.8 Ma) is linked to
the Cen tral Sudetes vol ca nic prov ince that re mained ac tive in
the Czech Re pub lic un til the early Pleis to cene (Ulrych et al.,
1999; Birkenmajer et al., 2004). The or i gin of Ce no zoic ba -
saltic vol ca nism in the Sudetes is linked to up per man tle
magma cham bers (Wierzcho³owski, 1993; Alibert et al., 1987)
and par tial melt ing in duced an upwelling asthenospheric con -
vec tive in sta bil ity (Downes, 2001; Wil son and Downes, 2006).

An im por tant tec tonic re con struc tion of the Sudetes oc curred
dur ing the Late Mio cene when the Sudetic Mar ginal Fault started
to con trol sed i men ta tion. This, ac cord ing to Dyjor (1993), ended
the de vel op ment of the Meta-Carpathian Swell in the Lower
Silesia re gion. Late Mio cene re ac ti va tion of the Sudetes was fol -
lowed dur ing the Plio cene by a ma jor vol ca nic event and up lift of
the en tire re gion, in clud ing el e va tion of the Sudetes with re spect to 
the Fore-Sudetic Block by 1200–1500 m (Dyjor, 1983; Oberc,
1972). This up lift his tory of the Sudetes is com pat i ble with the late
stage evo lu tion of the en tire Bo he mian Mas sif (Malkovsky, 1975;
Badura et al., 2007;  Ziegler and DÀzes, 2007).
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EVOLUTION OF THE OUTER CARPATHIAN
FLEXURAL FOREDEEP

The Pol ish Carpathian Foredeep Ba sin (CFB), which
formed part of the Paratethys sys tem of bas ins (Steininger and
Rögel, 1984; Hámor, 1988), de vel oped dur ing the Early Mio -
cene (Ottnangian) in front of the ad vanc ing Carpathian thrust
belt and per sisted un til the late Sarmatian (Oszczypko and
Œl¹czka, 1989; Oszczypko, 1997, 2006). The CFB can be di -
vided into an in ter nal part, which was over rid den by the Outer
Carpathian nappes, and an ex ter nal part, which is lo cated in
front of them. 

The in ter nal CFB con tains con ti nen tal Early Mio cene de -
pos its, which are fol lowed by ma rine Mid dle Mio cene (up to
early Badenian) sed i ments that at tain a com bined thick ness of
up to 1500 m in the west ern seg ment of the foredeep. The shift
of the CFB from an in ter nal to an ex ter nal po si tion oc curred
dur ing the Mid dle Mio cene and was pre ceded by an early
Badenian sub si dence in ter rup tion (Oszczypko, 1999). Dur ing
early Badenian to Sarmatian times, the sub si dence cen tre of the
ex ter nal CFB mi grated pro gres sively east ward where its sed i -
men tary fill, in clud ing thick Sarmatian de pos its, ex ceeds a
thick ness of 2000 m. Ex plo ra tion for nat u ral gas and sul fur in
the ex ter nal parts of the CFB (Fig. 6) has yielded de tailed in for -

ma tion on its struc tural and strati graphic con fig u ra tion that per -
mits to re con struct its evo lu tion.

Prior to the sub si dence of the ex ter nal CFB, the area now
oc cu pied by it was ex posed to ero sion and may have formed
part of the Meta-Carpathian Swell (Oszczypko and Œl¹czka,
1989; Krysiak, 2000). On the south ern slope of this swell sev -
eral hun dred metres deep chan nels were in cised into Me so zoic
se ries (Fig. 7A). These chan nels are filled with Mid dle (?Early) 
Mio cene de pos its. This pro vides an up per limit to the tim ing of
their de vel op ment whilst the on set of their in ci sion is more con -
tro ver sial. These chan nels transect the pe ne plain that de vel -
oped af ter the lat est Cre ta ceous and Paleocene in ver sion of the
Mid-Pol ish Swell and cut vari ably into Me so zoic, Palaeozoic
and Pre cam brian rocks. Large parts of this pe ne plain are still
pre served be low the Mio cene sed i ments of the CFB, sug gest -
ing that the ero sional event un der ly ing the de vel op ment of
these chan nels was of short du ra tion. There fore, we hy poth e -
size that these chan nels de vel oped on the south ern slope of
flex ural forebulge that formed dur ing Late Oligocene–Mio cene 
times in the place of the for mer Meta-Carpathian Swell, which
ac cord ing to our in ter pre ta tion, de vel oped in re sponse to
lithospheric buck ling. This forebulge was flanked to the south
by the in ter nal CFB in which re lated ero sion prod ucts were de -
pos ited. This is com pat i ble with ob ser va tions in the Kraków
area, where ero sional chan nels are ex posed at the sur face and
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Fig. 6. Evo lu tion of struc tures in the Outer Carpathian Foredeep Ba sin

Three tec tonic phases are dis tin guished: (1) mid dle to late Badenian phase of ex ten sion due to plate flex -
ure; (2) Badenian/Sarmatian ep i sode of base ment-in volv ing con trac tion; (3) Sarmatian phase of ex ten sion 
due to plate flex ure and stack ing of the nappes. Pos si ble po si tions of prop a gat ing front of fold ing in the
Carpathians be tween these stages are shown



the tim ing of their in ci sion was es ti mated as be ing of Oligocene 
to Karpatian age (Felisiak, 1992). This co in cides, at least
partly, with the de vel op ment of the in ner CFB (Ney et al.,
1974; Oszczypko, 1998). How ever, it has to be kept in mind
that sim i lar ero sional chan nels, ev i dent in the Moravian part of
the Carpathian Foredeep, ap pear to date back to the lat est Cre -
ta ceous main in ver sion phase of the Bo he mian Mas sif, since
they are filled with Paleocene, Eocene and Early Oligocene
clastics that were de rived from the fore land; these are un con -
form ably cov ered by Mio cene sed i ments de rived from the
Carpathians (Brzobohaty et al., 1996; Picha, 1999). 

Early Badenian sub si dence and trans gres sion of the ex ter -
nal CFB of Po land (Oszczypko and Œl¹czka, 1989) was ac com -
pa nied by only mi nor syn-flex ural nor mal fault ing (Krysiak,
1987, 2000; Jarosiñski, 1992). Dur ing de po si tion of the mid dle
Badenian evaporites only a low level of tec tonic ac tiv ity has
been in ferred from earth quake-re lated sed i men tary struc tures
(Peryt and Jasionowski, 1994). Dur ing the late Badenian, flex -
ural sub si dence rates in creased as ev i denced by a rapid deep en -
ing of the ba sin and its sed i ment star va tion (Oszczypko, 1997),
that was fol lowed by its rapid in fill ing with late Badenian and
Sarmatian orogen-de rived sed i ments. This sub si dence phase
was ac com pa nied by the de vel op ment of sys tem of syn-flex -
ural syn thetic and an ti thetic nor mal faults with throws of the or -
der of 100 m, partly in volv ing re ac ti va tion of pre-ex ist ing

faults (Krysiak, 2000). These faults die out up ward in up per
Badenian siliciclastics (Fig. 7A). The lithospheric ef fec tive
elas tic thick ness of the Ma³opolska Mas sif, which forms the
base ment of the cen tral seg ment of the CFB, was es ti mated at
10–18 km. This rel a tively low fig ure is com pat i ble with the re -
sults of elas tic plate flex ure mod els (Royden and Karner, 1984;
Krzywiec and Jochym, 1997; Zoetemeijer et al., 1999) and es ti -
mates of the depth to the neu tral sur face de rived from struc tural
and sedimentological data (Jarosiñski and Krzywiec, 2000).

The first event of base ment-in volv ing con trac tion in the
CFB is dated as strad dling the Badenian–Sarmatian bound ary
(Jarosiñski, 1992; Jarosiñski and Krzywiec, 2000). Al though
re verse fault ing is best doc u mented in the east ern seg ment of
the CFB (Krzywiec, 2001; Fig. 7B), mi nor struc tures oc cur also 
in the dis tal part of the cen tral seg ment. NW–SE trending blind
re verse faults and pop-up struc tures at tain ver ti cal off sets of up
to 200 m with Sarmatian de pos its dis cor dantly cov er ing
slightly tilted hang ing walls (Dziadzio, 2000; Fig. 7B). Sim i lar
struc tures were de scribed from an opencast sul fur mine in the
dis tal zone of the CFB where brachyanticlines, re verse faults
and strike-slip faults die out in the basal part of the Sarmatian
se quence (Krysiak, 1985, 2000; Jarosiñski, 1992; Fig. 8). The
ge om e try of these struc tures points to NNW–SSE di rected con -
trac tion, which is sub or di nate to dextral transpression along
WNW–ESE trending base ment faults (Lamarche et al., 2002).
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Fig. 7. In ter pre ta tion of seis mic cross-sec tions through the Outer Carpathian Foredeep Ba sin
 (for lo ca tion see Fig. 6)

A — sub si dence in the cen tral seg ment was gov erned by the plate flex ure re sult ing in dis trib uted nor mal fault ing. Strata
down-lap ping to wards the fore land were orig i nally hor i zon tal but were tilted dur ing post orogenic up lift of the Carpathians; 
B — in the east ern seg ment (seis mic in ter pre ta tion af ter Krzywiec, 2001), sed i men ta tion was ac com pa nied by large-scale
nor mal fault ing re sult ing from flex ural de for ma tion of the fore land litho sphere. Sarmatian trans gres sion was af fected by
block tilt ing in volv ing re verse fault ing along transpressional zones



This stage of transpressional fore land de for ma tion was con -
tem po ra ne ous with the em place ment of the Carpathian thrust
front at its pres ent po si tion in the cen tral seg ment of the
foredeep, as ev i denced by the age of the cor re spond ing tri an gle 
zone (Jarosiñski and Krzywiec, 2000; Krzywiec et al., 2004).

Af ter the short compressional pulse at the Baden -
ian–Sarmatian tran si tion, a new phase of en hanced ba sin sub si -
dence com menced in the Sarmatian (Oszczypko, 1999), dur ing 
which the de pot cen tre of the CFB shifted from its cen tral to its
east ern seg ment. Sub si dence of this seg ment was con trolled by
sharp de flec tion of the fore land litho sphere, caus ing the de vel -
op ment of NW–SE strik ing syn-flex ural syn thetic nor mal
faults with dis place ments rang ing from 100 m up to 1 km
(Fig. 7B; Jaroszewski, 1977; Krzywiec, 2001). These faults die 
out sys tem at i cally up ward in Sarmatian se ries and con trol the
NE ex tent of the CFB (Fig. 7). 

The sed i men tary re cord of the CFB ends in the Sarmatian.
Judg ing from the in cli na tion and ap par ent large-scale north -
ward down lap of the up per most part of the fore land ba sin sed i -
men tary fill (Krzywiec, 1997; Fig. 7) a sev eral hun dred metres
thick sed i men tary se quence was eroded from its top dur ing
Late Mio cene and Plio cene times (Poprawa et al., 2002b). Late
stage up lift of the CFB was ac com pa nied by tec tonic ac tiv ity
along its north mar gin (Krysiak, 1985, Jarosiñski, 1992).
Left-lat eral transtensional move ments along WSW–ENE-stri -
k ing faults were in ferred from out crops (Osmólski et al., 1978;
Jarosiñski 1992; Krysiak, 2000) and fur ther con strained by
seis mic pro files, which re veal NE–SW strik ing neg a tive flower 
struc tures in Sarmatian se ries (Jarosiñski, 1999b). Along the
north ern mar gin of the CFB the oc cur rence of lo cal rem nants of 
coarse ter res trial clastics in the vi cin ity of nor mal faults scarps
(Krysiak, 2000; Rauch-W³odarska et al., 2006) points to the
lat est Mio cene–Plio cene extensional stress re gime. 

NEOTECTONICS AND RECENT STRESS 
AND DEFORMATIONS

Qua ter nary phases of neotectonic ac tiv ity are dated in the
Pol ish Low lands as Cromerian–Mindel, Mazowsze and
post-Riss (Baraniecka, 1983). These phases are dif fer en ti ated
on the base of troughs, in which the thick ness of Pleis to cene
strata in creases to 50–200 m. The tec tonic or i gin of these
troughs is, how ever, poorly con strained. The main sets of Pleis -
to cene troughs oc cur on the flanks of the Mid-Pol ish Swell
(Baraniecka, 1995). Their en ech e lon ar range ment sug gests
dextral mo tion along the NW–SE-strik ing TTZ.
A compressional stress re gime is ev i denced by re verse faults,
which cut Pleis to cene sed i ments in the Kleszczów Graben
(Ha³uszczak et al., 1995), as well as in the Damas³awek De -
pres sion that is lo cated on top of a salt diapir (Fig. 5). In the
Kleszczów Graben a sig nif i cant un con formity de vel oped at the 
top of the Cromerian inter gla cial se quence (ca. 0.4 Ma) in re -
sponse to compressional de for ma tion of the Dêbina salt diapir
(Ha³uszczak, 2004). 

Neotectonic fault ing is also ev i dent in the Sudetes (Fig. 9)
where the Mar ginal Sudetic Fault Zone and sub or di nate
W–E-trending faults have Qua ter nary ver ti cal off sets in the
range of 50–150 m (Dyjor, 1995; Badura et al., 2007).
Neotectonic dis place ments with sim i lar am pli tudes are sug -
gested for the Up per Silesian re gion north of the Carpathian
Foredeep and along the Roztocze mor pho log i cal swell
(Harasimiuk and Henkiel, 1975; Laskowska-Wysoczañska,
1995; Lewandowski, 1995; Zuchiewicz et al., 2007). 

These scat tered ex am ples of neotectonic ac tiv ity (e.g.,
Liszkowski, 1982; Zuchiewicz, 1995; Zuchiewicz et al., 2007), 
com bined with the re sults of bore hole break-out anal y ses and
earth quake fo cal mech a nisms (Jarosiñski, 2005a, 2006), per mit 
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Fig. 8. Machów opencast sul fur mine show ing wrench-in duced de for ma tion of up per Badenian–lower Sarmatian 
sed i ments above transpressional base ment faults

A — brachyanticline; B — re verse fault; C — in verted nor mal fault; all fea tures point to NNW–SSE con trac tion



to re con struct the pres ent-day stress field of the Pol ish Low -
lands and the Carpathian Fore land (Fig. 9). 

In the base ment of the Outer Carpathians and their fore land
the tra jec to ries of the max i mum hor i zon tal compressional stress
axes de scribe a fan-like pat tern that di verges from NW-di rected in
the west ern-most Carpathians and the Sudetes to NNE di rected in
the east ern Carpathians and the Ma³opolska Mas sif (Jarosiñski,
1998). On the EEC and in the ad ja cent MPS compressional stress
tra jec to ries are NNE di rected in South ern Po land and NNW di -
rected in North ern Po land and the Bal tic Sea. The stress field of
Po land (Fig. 9) fits smoothly into the stress field of West ern and
Cen tral Eu rope that is con trolled by Al pine–Carpathian collisional 
forces and Arc tic–North At lan tic ridge push (Gölke and Coblentz, 
1996; Müller et al., 1997; Jarosiñski et al., 2006). Within the

TESZ the fre quently ob served ro ta tions of stress tra jec to ries be -
tween N–S and NW–SE in in di vid ual ver ti cal bore holes as well as 
be tween bore holes is sug ges tive of a strike-slip re gime (Jarosiñski, 
2005a). Par tic u larly in the west ern seg ment of the Carpathians,
stress tra jec to ries in the base ment are NNW to NW di rected whilst 
in the nappes they are NNE di rected, thus point ing to a de coup ling 
of the thin-skinned nappes from their base ment and strain par ti -
tion ing be tween them. 

Fault plane so lu tions of earth quakes and min ing-in duced
trem ors (Guterch and Lewandowska-Marciniak, 2002) sug gest 
for the Carpathians in the vi cin ity of the Pieniny Klippen Belt
(Wiejacz, 1994) ei ther a strike-slip or thrust fault stress re gime,
and for Cen tral Po land (Kleszczów Graben) and the south ern
part of the Fore-Sudetic Monocline a compressional stress re -
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Fig. 9. Neotectonics and re cent geodynamics of the Carpathians and their fore land

Stress di rec tions from earth quake fo cal mech a nism com piled af ter: Gibowicz et al. (1982), Gibowicz (1984),
Wiejacz (1994). Stress di rec tions from break outs af ter Jarosiñski (2005a). Neotectonically ac tive faults are
adopted af ter Dyjor (1995), Baraniecka (1995), Lewandowski (1995), Laskowska-Wysoczañska (1995). Ex pla na -
tions as in Fig ure 4



gime (Gibowicz et al., 1982; Gibowicz, 1984; Gotowa³a and
Ha³uszczak, 2000; Fig. 9). For SE Po land a strike-slip fault
stress re gime is in di cated by the re sults of hy drau lic frac tur ing
tests in bore holes (Jarosiñski, 2005b). 

GEODYNAMICS OF THE CARPATHIAN FORELAND
VERSUS FAR FIELD TECTONIC LOADS: 

A DISCUSSION

FACTORS CONTROLLING THE FORELAND STRESS FIELD 

We in ter pret that the pres ent-day first-or der stress pat tern
of Po land is con trolled by forces re lated to the collisional in ter -
ac tion of the Carpathian and East Al pine orogens with the Eu -
ro pean Plat form, as well as by ridge-push forces, which are ex -
erted by the still ac tive spread ing axes of the North At lan tic,
Nor we gian–Green land Sea and the Eur asian Ba sin (Gölke and
Coblentz, 1996; Müller et al., 1997; Heidbach et al., 2007).
Intraplate stress sources, such as lat eral changes in the den sity
and/or thick ness of the con ti nen tal crust, ther mal loads of man -
tle plumes, as well as to pog ra phy and gla cial re bound ap pear to 
play at best a sub or di nate role in the pres ent-day stress pat tern
of the Pol ish Plat form. Nev er the less, Late Cre ta ceous and Ce -
no zoic intraplate de for ma tions re corded in the Pol ish Low -
lands, the Carpathian Fore land and the Outer Carpathian Ba sin
tes tify to re peated stress field changes, both in mag ni tude and
ori en ta tion, re flect ing changes in the in ter ac tion of the evolv ing 
Carpathian and East Al pine orogens with the Eu ro pean Plat -
form as well as in the level far-field ridge push forces.

CARPATHIAN OROGEN

Collisional in ter ac tion of the Carpathian Orogen with its
fore land ex erted in ter mit tently tec tonic loads on the
Bruno-Vistulian and Ma³opolska mas sifs. Palinspastic res to ra -
tions of the Outer Carpathian nappe stack in di cate that it de vel -
oped out of a 300–350 km wide con ti nen tal shelf and slope that
was sub di vided by the Silesian Ridge into the prox i mal
Silesian–Skole Ba sin com plex and the dis tal Magura Ba sin
(Behrmann et al., 2000). Re con struc tion of tec tonic pro cesses
op er at ing at the Carpathian mar gin of Eu ro pean Plat form is dif -
fi cult and am big u ous due to its sub se quent collisional de for ma -
tions. How ever, the dif fer ent stages of tec tonic sub si dence and
up lift of the in di vid ual bas ins are rather well con strained
(Poprawa et al., 2002a; Poprawa and Malata, 2006;
Oszczypko, 2006) and were used as rough in di ca tors for
changes in the geotectonic re gime. 

The Carpathian Ba sin sys tem was prob a bly floored by
highly at ten u ated con ti nen tal crust and bounden to the south by 
the oce anic Vahic (Pieniny) Ba sin (Oszczypko, 2006). Clo sure
of the Vahic Ocean com menced dur ing the Late Cre ta ceous
(Schmid et al., 2008) and gave rise to the build-up of
compressional stresses in the North Carpathian pas sive mar gin
con trol ling Turonian and early Senonian ini tial in ver sion
move ments in its Silesian and Skole sub-bas ins (Poprawa et al., 
2002a) as well as late Senonian–Early Paleocene in ver sion of
the Mid-Pol ish Trough in the fore land (Krzywiec, 2006b). To -
wards the end of the Paleocene, compressional fore land

stresses re laxed, as ev i denced by the ter mi na tion of in ver sion
move ments in the MPS and ac cel er ated sub si dence of the Outer 
Carpathian do main. 

Dur ing Late Paleocene to Mid dle Eocene times of rel a tively 
slow con ver gence rates the load of the ad vanc ing In ner
West-Carpathian orogenic wedge (IWCW) and the as so ci ated
Pieniny Klippen Belt and Magura Ridge accretionary wedge
caused flex ural sub si dence of the Outer Carpathian Ba sin com -
plex and a pro gres sive north ward shift of the Magura Ba sin
depocentre (Poprawa et al., 2002a; Oszczypko, 2006). Dur ing
the Early and Mid dle Eocene the Silesian and Skole sub-bas ins
sub sided un der de creas ing sed i men ta tion rates to deeper wa ter
con di tions whilst in the Magura Ba sin clastic sup ply de rived
from the south ward ad ja cent IWCW in creased. 

Dur ing the lat est Eocene and ear li est Oligocene the Silesian 
and Skole sub-bas ins were tec toni cally rap idly up lifted, as ev i -
denced by a sig nif i cant re duc tion of wa ter depths that can not be 
ex plained by sed i ment ac cu mu la tion nor by a eustatic sea level
change (Poprawa et al., 2002a). This up lift re flects a re newed
build-up of compressional stresses in the fore land of the ad -
vanc ing IWCW and ini ti a tion of fold ing in the Magura Ba sin
(Tokarski and Œwierczewska, 1998). 

Eocene/Oligocene up lift of the Outer Carpathian Silesian
and Skole do mains was fol lowed by their sub si dence that re lates
to Late Oligocene–Early Mio cene de po si tion of the thick Krosno 
flysch, fold ing and north ward thrust ing of the Magura nappe and 
subduction of the fore land litho sphere. By early Burdigalian
times the thin-skinned Magura nappe had reached the south ern
mar gin of the Silesian sub-ba sin (Poprawa et al., 2002a;
Oszczypko, 2006). Com menc ing in the Burdigalian, the sed i -
men tary fill of the Outer Carpathian Ba sin was scooped out by a
sys tem of ma jor NE-verg ing thin-skinned thrust sheets while its
base ment was subducted be neath the rap idly ad vanc ing IWCW.
Mo tion of the lat ter was con trolled by the east ward lat eral ex tru -
sion of the ALCAPA Block un der the im pact of the Adri atic in -
denter and by roll back of the Carpathian subduction slab
(Wortel and Spakman, 2000; Schmid et al., 2008). Me chan i cal
de coup ling of the IWCW from the subducting fore land litho -
sphere al lowed for the de vel op ment of an extensional stress re -
gime in the autochthonous base ment of the Carpathians dur ing
the Mio cene stack ing of their flysch nappes. Subduction-re lated
mag matic ac tiv ity in the in ter nal Carpathians in di cates that de -
tach ment of the subducted Eu ro pean fore land slab had com -
menced around 20–17.5 Ma in the wes tern most parts of the
Carpathians, from where it prop a gated be tween 14–9 Ma east -
ward through the Pol ish sec tor into the Ukraine (Nemèok et al.,
1998; Wortel and Spakman, 2000; Harangi et al., 2006). With
this, slab-pull forces ex erted on the Pol ish Carpathian Fore land
de cayed and iso static up lift of the orogenic wedge and the prox i -
mal parts of the CFB com menced. More over, Late Mio cene slab
de tach ment al lowed for a re newed build-up of compressional
stresses in the Carpathian base ment.

EAST-ALPINE OROGEN

 The East-Al pine Orogen in ter mit tently ex erted tec tonic
loads on the an a lyzed area via the Bo he mian Mas sif. Geo phys i -
cal data in di cate that the Eu ro pean fore land crust ex tends from
the thrust front of the East ern Alps by about 125 km south ward
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be neath them (Schmid et al., 2004, 2008). Dur ing the
Maastrichtian–Paleocene col li sion of the Austro-Al pine
orogenic wedge with this part of the Eu ro pean pas sive mar gin,
re lated intraplate compressional stresses caused a pro found
dis rup tion of its sed i men tary cover, upthrusting of base ment
blocks in the Bo he mian Mas sif and in ver sion of Me so zoic ten -
sional bas ins, such as the Lower Sax ony, Alt -
mark– Brandenburg and North Dan ish bas ins, at dis tances of up 
to 1500 km to the NW of the con tem po rary col li sion front
(Ziegler, 1990; Ziegler et al., 1995, 1998; Ziegler and DÀzes,
2007). The main in ver sion phase of the MPS co in cides with
this collisional event (Krzywiec, 2006b). 

In the East-Al pine Fore land, col li sion-re lated intraplate
stresses re laxed at the tran si tion to the Eocene, as in di cated by
the ter mi na tion of in ver sion move ments and the de vel op ment of
a broad flex ural fore land ba sin in re sponse to thrust and slab
load ing by the East-Al pine orogenic wedge (Wag ner, 1996,
1998). By late Eocene times the subducted oce anic Penninic slab 
was de tached from the fore land litho sphere (DÀzes et al., 2004,
2005). Dur ing the Oligocene–Early Mio cene em place ment of
the Austro-Al pine nappe stack, in volv ing about 250 km of short -
en ing (Wag ner, 1996; Schmid and Kissling, 2000), con ti nen tal
Eu ro pean litho sphere was subducted south ward. This was ac -
com pa nied by rapid sub si dence and nar row ing of the fore land
ba sin in volv ing syn-flex ural nor mal fault ing (Wag ner, 1998).
The ab sence of con tem po ra ne ous compressional intraplate de -
for ma tions in the Eu ro pean fore land is in dic a tive for its me chan -
i cal de coup ling from the East-Al pine orogenic wedge, pre sum -
ably in re sponse to sed i ment subduction. Dur ing the Eocene and
Oligocene the in ver sion-in duced top o graphic re lief of the Bo he -
mian Mas sif was de graded to a pe ne plain. Oligocene plume-re -
lated mag matic ac tiv ity abated in the Eger vol cano-tec tonic zone 
prior to the ac cu mu la tion of up to 500 m of lat est Oligocene to
Burdigalian sed i ments un der a mildly ten sional set ting
(Malkovsky, 1975, 1979). By about 20 Ma the East-Al pine
thrust front had reached its pres ent po si tion and east ward ex pul -
sion of the ALCAPA Block com menced ow ing to con tin ued
N-ward move ment of the Adri atic in denter (Ratschbacher et al.,
1991; Peresson and Decker, 1997; Schmid et al., 2004). In the
area of the East ern Alps, re lated wrench move ments caused de -
tach ment of the subducted south-dip ping con ti nen tal slab. This
was fol lowed by north ward subduction of Adri atic litho sphere
(Schmid et al., 2004; Kissling et al., 2006). As a re sult, me chan i -
cal cou pling be tween the East-Al pine orogenic wedge and its
Eu ro pean fore land in creased. This is ev i denced by re gional up -
lift of the north ern parts of the Bo he mian Mas sif around 18 Ma
in re sponse to lithospheric fold ing (Ziegler et al., 2002; Ziegler
and DÀzes, 2007). More over, from 15–13 Ma on ward
compressional re ac ti va tion of fault sys tems of the Bo he mian
Mas sif re sulted in pro gres sive up lift of its mar ginal blocks, such
as the Sudetes and the Moravo-Silesian Block, dis rup tion of the
pre-ex ist ing pe ne plain and a re sur gence of vol ca nic ac tiv ity
span ning 11.4–3.95 Ma (Ziegler and DÀzes, 2007).

ARCTIC–NORTH ATLANTIC PASSIVE MARGINS AND SEA-FLOOR
SPREADING AXES

Pas sive mar gins flank ing ex tra-Al pine Eu rope de vel oped
dur ing the Cre ta ceous and Ce no zoic by north ward prop a ga tion
of the Cen tral At lan tic sea-floor spread ing axis in re sponse to

clock-wise ro ta tional west ward drift of Laurentia rel a tive to
Eur asia. Stepwise open ing of the North At lan tic,
Norwegian–Greenland Sea and the Eur asian Ba sin, in volv ing
re peated changes in the pat tern of sea-floor spread ing axes and
plate bound aries, was pre ceded by a long his tory of Me so zoic
rift ing, dur ing which large ar eas around the fu ture pas sive mar -
gins were sub jected to ten sional stresses (Ziegler, 1988, 1989;
Torsvik et al., 2002). 

Open ing of the At lan tic Ocean to the north of the Azores
frac ture zone com menced dur ing the Early Cre ta ceous (ca.
120 Ma) whilst north of the Char lie Gibbs frac ture zone
sea-floor spread ing be gan in the Lab ra dor Sea dur ing the
Campanian (ca. 80 Ma) or Paleocene (62 Ma). Be tween Green -
land and Eu rope and in the Eur asian Ba sin sea-floor spread ing
com menced dur ing the ear li est Eocene (54 Ma). Sep a ra tion be -
tween NE Green land and the Svalbard be came only ef fec tive
dur ing the Early Mio cene (20–15 Ma) when the Knipovich
Ridge that links the Mohns and Nansen spread ing axes started
to de velop (Ziegler, 1988; Lundin, 2002; Torsvik et al., 2002;
Engen et al., 2008). Crustal sep a ra tion be tween Eu rope and
Green land was pre ceded by the im pinge ment of the Ice land
plume around 62 Ma. This plume af fected prior to the on set of
sea-floor spread ing at 54 Ma an area with a ra dius of 1100 km
that was cen tered on Ice land. By con trast open ing of the Eur -
asian Ba sin and the North At lan tic be tween the Azores and
Char lie Gibbs frac ture zones was pre ceded by only mi nor mag -
matic ac tiv ity (Ziegler, 1988). An in crease in ridge push force
is ev i denced by the de vel op ment of lo cal compressional struc -
tures on the shelves of the Brit ish Isles and Nor way dur ing the
Late Eocene–Early Oligocene re or ga ni za tion of sea-floor
spread ing axes and again dur ing the Mio cene (Ziegler et al.,
1995; Doré and Lundin, 1996; Mosar et al., 2002). 

Loads ex erted on pas sive mar gins are, by def i ni tion, sta ble
as they are de ter mined by slowly in creas ing ridge push, re sult -
ing from per sist ing sea-floor spread ing. Es ti mates of vari a tions
in the mag ni tude of ridge push forces as a func tion of time (Par -
sons and Sclater, 1977; Wortel, 1980; Bott, 1991), point to a
sys tem atic in crease of North At lan tic push forces on the North
Sea seg ment of the pas sive mar gin, amount ing to ca. 0.5 ´
1012 N/m at the end of the Eocene, 1.5 ´ 1012 N/m in the Mio -
cene and 2.0 ´ 1012 N/m at pres ent-day (Gölke and Coblentz,
1996; Andeweg, 2002). Sim i lar ridge push force build-up rates
were ob tained for the Aus tra lian–Ant arc tic ridge, where dur ing 
the last 20 Ma a 0.8 ´ 1012 N/m in crease was cal cu lated
(Dyksterhuis and Müller, 2004). 

Coun ter act ing deviatoric ten sion in her ent to a con ti nen tal
mar gin with a thick crust and a lithospheric man tle char ac ter -
ized by a lower den sity than that of the oce anic litho sphere
(Bott, 1991) is in the range of –1.0 ́  1012 N/m (Kusznir, 1991).
Tak ing this into ac count for the Eocene–Oligocene de vel op -
ment of the pas sive Nor we gian mar gin, mi nor ten sional
stresses may have prop a gated into the con ti nent. This does,
how ever, not ex clude lo cal compressional stress con cen tra tions 
at the pas sive mar gin. Ridge push forces built up dur ing the
Mio cene, con trib ut ing to intra-con ti nen tal com pres sion, which
grew in time to the pres ent-day mag ni tude of 0.8–1.4 ´
1012 N/m when cal i brated to the grav i ta tional po ten tial en ergy
at sea level (Jarosiñski et al., 2006).
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Ten sional stresses em a nat ing from pas sive mar gins may ren -
der the re spec tive plate in te rior more sen si tive to changes in tec -
tonic loads at its collisional mar gin. More over, re laxed pas sive
mar gins com bined with com pres sion at ac tive mar gins, pro mote
extensional and strike-slip de for ma tion of con ti nen tal intraplate
do mains. By con trast, compressional stresses ex erted on the pas -
sive mar gins ren dered the re spec tive plate in te rior to be have
more stiffly and pro motes intraplate thrust ing, fold ing or
transpression in re sponse to strong in dent ing at its ac tive mar gin.

RESPONSE OF CARPATHIAN FORELAND 
TO FAR-FIELD STRESSES

Tec tonic loads ex erted on the ac tive Al pine–Carpathian
mar gin and on the pas sive Arc tic–North At lan tic mar gin of the
Eu ro pean Plat form evolved in de pend ently, giv ing rise to dif -
fer ent com bi na tions of stress-gen er at ing fac tors. Be low, we at -
tempt to cor re late the tim ing of geodynamic events in the north -
ern Carpathian Fore land with the pos si ble state of load ing at
these mar gin seg ments and to as sess their rel a tive im por tance. 

The Late Cre ta ceous and Paleocene up lift of the Mid-Pol -
ish Swell pre dated the Ce no zoic evo lu tion of the Carpathian
Fore land that is the main sub ject of the fol low ing dis cus sion.
This ma jor in ver sion of Permo-Me so zoic extensional bas ins in
West ern and Cen tral Eu rope is gen er ally re garded as re lat ing to 
the clo sure of the Penninic Ocean and the col li sion of the
Austro-Al pine orogenic wedge with the con ti nen tal
Briançonnais terrane in the West ern and Cen tral Alps and with
the Eu ro pean pas sive mar gin in the East ern Alps (Ziegler et al., 
1995, 1998; DÀzes et al., 2004; Ziegler and DÀzes, 2007). The
case of the Pol ish Ba sin was to some ex tent more com plex, as it 
was sub jected to com pres sion from both the SW and S, namely
from the East Al pine and the Carpathian col li sion zone, re spec -
tively. A ge netic re la tion be tween the col li sion of the IWCW
with the fore land plate and the in ver sion of the Pol ish Trough,
at least of its south ern seg ment, is sug gested by the cor re la tion
of the Late Cre ta ceous and Paleocene de for ma tion phases of
these do mains (Poprawa and Malata, 2006). 

Dur ing the re gional Late Paleocene–Early Eocene ero -
sional phase the re lief of the in verted MPT may have been de -
graded to a pe ne plain. In the Carpathian Fore land there are no
struc tural data avail able on the stress re gime dur ing this
post-in ver sion stage. Plate bound ary con di tions in di cate re lax -
ation of col li sion-re lated compressional stress that were pro -
jected into the Eu ro pean fore land by the East Al pine and
Carpathian orogenic wedges and re lax ation of ten sional
stresses at the North At lan tic mar gin in con junc tion with
crustal sep a ra tion be tween Green land and Eu rope at the
Paleocene–Eocene tran si tion. From the above, re laxed stress
con di tions are ex pected for the Late Paleocene–Early Eocene
evo lu tion of the Carpathian Fore land and Pol ish Low lands.

MIDDLE AND LATE EOCENE UPLIFT STAGE 
OF THE MID-POLISH SWELL

 In the Pol ish Low lands, sed i men ta tion re sumed dur ing the
Mid dle and Late Eocene in gen tle de pres sions, which flanked
the MPS (Fig. 3). De vel op ment of these mar ginal de pres sions
and ap par ent gen tle up lift of the MPS can be in ter preted as re -
flect ing a sec ond, al beit mi nor phase of compressional re ac ti -

va tion of the MPS. This sus pected sec ond ary in ver sion pulse is
only doc u mented in the north ern parts of the MPS as in its
south ern parts cor re spond ing sed i ments are miss ing ow ing to
ero sion across the Meta-Carpathian Swell that was up lifted
dur ing the Oligocene and Mio cene. 

In ter pret ing this late stage to pog ra phy of the MPS as an ef -
fect of intraplate com pres sion meets, how ever, with the dif fi -
culty as there is no ev i dence for a Mid dle to Late Eocene re -
newed build-up of intraplate compressional stresses in the fore -
land of the Carpathians and the East ern Alps (Ziegler, 1990;
Ziegler and DÀzes, 2007).  Al ter na tively, the pos tu lated gen tle
Eocene up lift of the MPS could be at trib uted to a rapid re lease
of compressional stresses af ter the strong Paleocene phase of
ba sin in ver sion, ac cord ing to a mech a nism pro posed by Niel -
sen et al. (2005). Yet, also for this model we are un able to show
ev i dence for Eocene con trac tion that is fol lowed by a re lax ation 
event. Thus, for the time be ing we have to leave the ques tion
open whether there is a tec tonic con trol on the Mid dle–Late
Eocene sub si dence and ero sion pat tern in the Carpathian Fore -
land or whether these are ef fects of rem nant to pog ra phy re sult -
ing from the Paleocene in ver sion of the MPS. 

 LATEST EOCENE–EARLY OLIGOCENE RELAXATION 
OF THE FORE-SUDETIC MONOCLINE AND 

COMPRESSIONAL BUCKLING IN FRONT OF THE CARPATHIANS

On the Fore-Sudetic Monocline nar row and shal low
grabens started to de velop dur ing the lat est Eocene and Early
Oligocene, in volv ing transtensional re ac ti va tion of pre-ex ist ing 
base ment dis con ti nu ities. From a re gional point of view, de vel -
op ment of these grabens co in cides with the ac ti va tion of the
Eu ro pean Ce no zoic Rift Sys tem (ECRIS) that ex tends from the 
coastal Neth er lands into the west ern Med i ter ra nean (Ziegler,
1992, 1994; Prodehl et al., 1995). The prob a bly “plume”-re -
lated Oligocene ba saltic vol ca nism of the Bo he mian Mas sif
(Wil son and Downes, 1991, 2006; Ulrych et al., 1999; Ziegler
and DÀzes, 2007), which ex tends east ward as far as Lower
Silesia, did, how ever, not reach the Fore-Sudetic Monocline. 

The hy poth e sis that the end Eocene–Early Oligocene
extensional phase of the Fore-Sudetic Monocline may be re -
lated with the ac ti va tion of the ECRIS in the Al pine Fore land is
dif fi cult to de fend. Sig nif i cantly, ten sional sub si dence of the
shal low Eger Graben com menced only dur ing the lat est
Oligocene and con tin ued dur ing the Early Mio cene. There is no 
ev i dence for Late Eocene and Oligocene ex ten sion in the Bo he -
mian Mas sif. Oligocene mag matic ac tiv ity pre ceded sub si -
dence of the Eger Graben (see Ziegler and DÀzes, 2007). Sub si -
dence of mi nor grabens on the Fore-Sudetic Monocline in -
volved, nev er the less, transtensional re ac ti va tion of pre-ex ist ing 
base ment dis con ti nu ities, and as such re flects that also in the
Pol ish part of the Eu ro pean fore land col li sion-re lated intraplate
stresses be gan to build up dur ing the ac ti va tion of the ECRIS.

At the Eocene–Oligocene tran si tion syn-flex ural sub si -
dence of the Molasse Ba sin ac cel er ated. This was ac com pa nied 
by the de vel op ment of an ar ray of es sen tially ba sin-par al lel
syn thetic and an ti thetic nor mal faults with throws of the or der
of a few 100 m (Wag ner, 1996, 1998). As by end Eocene times
the south-dip ping subducted slab be neath the Cen tral and East -
ern Alps had al ready been de tached from the Eu ro pean litho -
sphere (DÀzes et al., 2005; Ziegler and DÀzes, 2007), these nor -
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mal faults prob a bly de vel oped ex clu sively in re sponse to
thrust-loaded de flec tion of the fore land litho sphere. These
syn-flex ural faults young north ward in tan dem with the north -
ward shift of the axis of the Molasse Ba sin in front of the ad -
vanc ing Al pine nappes. 

The extensional event on the Fore-Sudetic Monocline at the 
Eocene–Oligocene tran si tion co in cides in the Pol ish Low lands
with a change from a sub si dence pat tern con trolled by the
NW–SE trending Mid-Pol ish Swell to one con trolled by the
W–E trending Meta-Carpathian Swell. We pos tu late that the
re lated up lift of the Meta-Carpathian Swell and gen tle sub si -
dence of the Pol ish Low lands in volved long-wave length fold -
ing of the litho sphere (e.g., Cloetingh et al., 2002) in re sponse
to the build-up of compressional stresses in the Carpathian
Fore land (Fig. 10A). This is com pat i ble with the Late
Eocene–Early Oligocene, compressional de for ma tion of the
Outer Carpathian sys tem of bas ins (Poprawa et al., 2002a). The 
Oligocene ter mi na tion of graben sub si dence on the
Fore-Sudetic Monocline may be at trib uted to a re lax ation of
these fore land stresses. 

EARLY MIOCENE TO BADENIAN FORELAND EXTENSION 

In the Pol ish Low lands the sec ond phase of graben sub si -
dence com menced dur ing the lat est Oligocene. Com pared to the
first graben-form ing phase a much wider area was af fected by
the sec ond ten sional phase cov er ing apart from the EEC the en -
tire Carpathian Fore land. Dur ing the Early to Mid dle Mio cene
all grabens in the Pol ish Low lands and the Sudetes, as well as in
the Carpathian Foredeep re mained tec toni cally ac tive.

The lat est Oligocene–Early and Mid dle Mio cene sub si -
dence of grabens in the dis tal fore land was co eval with the de -

vel op ment of the Carpathian flex ural fore land ba sin
(Oszczypko, 2006), subduction-re lated vol ca nic ac tiv ity in the

Pannonian re gion (Pécskay et al., 1995; Nem¹ok et al., 1998;
Harangi et al., 2006) and in tense thin-skinned thrust ing in the
Outer Carpathians (Picha, 1999; Oszczypko, 2006). This points 
to an ac cel er a tion of subduction pro cesses in re sponse to
E-ward ex pul sion of the ALCAPA Block, in volv ing sed i ment
subduction, and a de coup ling of the IWCW from the fore land
litho sphere (Fig. 11C). Me chan i cal de coup ling of the col lid ing
up per and lower plate can ac count for nor mal fault ing in the
fore land litho sphere in re sponse to its thrust- and slab-loaded
de flec tion trig ger ing the flex ural mech a nisms of foredeep sub -
si dence and forebulge up lift (Fig. 10B). This “soft-col li sion”
con cept is com pat i ble with the “slab-re treat” model ad vo cated
by Royden (1993). 

Within the East ern Alps, E-ward ex pul sion of the
ALCAPA Block com menced dur ing the Early Mio cene and
was fol lowed by two-stage coun ter-clock wise ro ta tion of
ALCAPA Block, namely dur ing the Ottnangian and in the
Karpatian–lower Badenian (Márton and Fodor, 1995). This lat -
eral es cape tec ton ics im plies ma jor transpressional move ments
be tween the col lid ing ALCAPA Block and the Carpathian
Fore land litho sphere (Schmid et al., 2008). The shal low Eger
Graben, which is con sid ered as form ing part of the ECRIS,
sub sided dur ing the Late Oligocene and Early Mio cene prior to
its Mid dle Mio cene up lift (Malkovsky, 1987) that in volved
lithospheric fold ing in re sponse to the build-up of
compressional fore land stresses (Ziegler and DÀzes, 2007).
This re flects Early Mio cene in creas ing me chan i cal cou pling
be tween the East Al pine orogenic wedge and its fore land. 

On the other hand, with pro gres sive open ing of the Arc -
tic–North At lan tic Ocean ridge push forces ex erted on the Eu -
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Fig. 10. Sche matic cross-sec tions through the West ern Outer Carpathians and their fore land, il lus trat ing gen eral tec tonic re la tions
 be tween the two do mains

A — Eocene (af ter Poprawa and Malata, 2006, mod i fied and sup ple mented): thick-skinned con trac tion and col li sion south of the Magura Ridge Ba sin,
caused flex ure of the Magura Ba sin, in ver sion of the Silesian Ridge and buck ling of the Silesian–Skole Bas ins and up lift of the Meta-Carpathian Swell; B 
— Mid dle Mio cene: south ward subduction of the fore land litho sphere and thin-skinned north ward thrust ing of the Outer Carpathian fold-and-thrust belt,
ac com pa nied by de vel op ment of the flex ural foredeep and forebulge in volv ing nor mal fault ing; PKB — Pieniny Klippen Belt
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Fig. 11. Sketch show ing cor re la tion of stress re gime evo lu tion in the north ern fore land of the Carpathians with changes of tec tonic loads 
at the seg ments of the Alps, the Carpathian and the pas sive mar gin

Sub si dence pat tern, marked in grey, is taken af ter  A — dur ing the Eocene mi nor in ver sion stage of the Mid-Pol ish Swell there is no ev i dence for strong
com pres sion at any of the an a lyzed plate bound ary; B — Oligocene un cou pled col li sion in the East ern Alps re sulted in flex ural sub si dence of the Molasse
Ba sin and ex ten sion in the west ern part of Po land. Base ment-in volv ing com pres sion in the Carpathian flysch do main caus ing buck ling of the Carpathian
Fore land; C — lat est Oligocene–ear li est Mio cene east ward ex tru sion of the cen tral East ern Alps. Po si tion of ALCAPA Block af ter ex tru sion is adopted af -
ter Márton and Fodor (1995). Suc ces sive subduction and un cou pled col li sion in the Carpathians pro duced far-rang ing pull to the fore land plate; D — re -
cent com pres sive stress re gime is forced by the push of in dent ing Adria mi cro-plate, sus tained by the At lan tic ridge push from the side of NW Eu ro pean
pas sive mar gin. Re cent stress tra jec to ries af ter Jarosiñski et al. (2006); BM — Bo he mian Mas sif; CF — Carpathian forebulge; EA — East ern Alps; EEC
— East Eu ro pean Craton; FSM — Fore-Sudetic Monocline; MaB — Magura Ba sin; MB — Molasse Ba sin; MCS — Meta-Carpathian Swell; MP —
Moesian Plat form; MPS — Mid-Pol ish Swell; OC — Outer Carpathians; OCFB — Outer Carpathian flysch bas ins; PB — Pannonian Ba sin; other ex pla na -
tions as in Fig ures 1 and 4



ro pean pas sive mar gin grad u ally in creased dur ing the Mio -
cene, as ev i denced by the de vel op ment of in ver sion struc tures
on the Mid-Nor way and Shet land shelves (Lundin and Doré,
2002). More over, compressional stresses built up also in the
West Eu ro pean fore land as in di cated by Late Oligocene and
Early Mio cene in ver sion of e.g. the Chan nel and West ern Ap -
proaches ar eas (see Ziegler, 1990; Ziegler et al., 1995) and
Burdigalian lithospheric fold ing con trol ling up lift of the
Vosges-Black For est arch that ex tends into the Bo he mian Mas -
sif and the Mas sif Cen tral (see dis cus sions in DÀzes et al.,
2004; Ziegler and DÀzes, 2007). 

We pos tu late that the Carpathian slab pull forces may be re -
spon si ble for the transtensional re ac ti va tion of pre-ex ist ing
base ment dis con ti nu ities con trol ling de vel op ment of mi nor
grabens in the Pol ish Low lands and the Sudetes. More over,
flex ural bend ing stresses prob a bly con trib uted to ten sional
fault ing in the foredeep ba sin and pos si bly also on the
forebulge where plate cur va ture reached a max i mum
(Lamarche et al., 2002).

LATEST BADENIAN–EARLIEST SARMATIAN COMPRESSIONAL EPISODE 

Thin-skinned, north-di rected thrust ing ter mi nated in the
cen tral fron tal seg ment of the Carpathians at the be gin ning of
Sarmatian, whilst in the east ward-ad ja cent seg ment Sarmatian
sed i ments are in volved in the fron tal Stebnik and Sambir units
of the Carpathians (Oszczypko, 2006). Thus, fold ing ended af -
ter the Sarmatian around 10.5 Ma when up lift of the fore land
ba sin com menced. Ac cord ing to re sults of struc tural anal y ses
this was as so ci ated with a change from ten sion to con trac tion in 
the base ment of the Carpathian Fore land (Jarosiñski, 1999b;
Jarosiñski and Krzywiec, 2000; Lamarche et al., 2002). This
short ep i sode of transpression is well doc u mented in the east ern 
and dis tal part of the foredeep, but not in the front of the orogen
where bend ing-re lated ten sion was high est and prob a bly ef fec -
tively coun ter acted con trac tion.

Al though strati graphic cor re la tions be tween the Paratethys
do main and the Pol ish Low lands are not pre cise, in ver sion of
the Damas³awek De pres sion and the Kleszczów Graben, both
lo cated at the SW bor der of the MPS, ap prox i mately cor re late
with the Sarmatian ter mi na tion of strike-slip move ments in the
Carpathian Foredeep. The above-men tioned compressional de -
for ma tions are lo cated along the SW bor der of the TTZ and its
con tin u a tion be neath the foredeep ba sin (see Fig. 4), in di cat ing
mi nor transpressional re ac ti va tion of this base ment-in volv ing
struc ture. Such a tec tonic re gime might be at trib uted to the fi nal 
ep i sode of thrust ing in the cen tral seg ment of Outer
Carpathians and N–S con ver gence of ALCAPA Block with the 
Pol ish Carpathian Fore land litho sphere. 

SARMATIAN EXTENSIONAL PHASE IN THE FOREDEEP BASIN 

The short fore land compressional event at the be gin ning of
Sarmatian was fol lowed by an E-ward mi gra tion of the
foredeep ba sin depocentre and NE-di rected thrust ing in the
east ern seg ment of the Outer Carpathians (Oszczypko, 1998,
2006). These rapid changes are thought to co in cide with the
mi gra tion of slab break-off across the West ern Carpathians
(Wortel and Spakman, 2000; Sperner et al., 2001). Lat eral
prop a ga tion of slab de tach ment caused an in crease in slab pull

forces and their pro gres sive east ward mi gra tion as well as rapid 
changes in di rec tion of con trac tion in the Outer Carpathians
and an abrupt change from north-di rected con ver gence to
sinistral trans la tion be tween the In ner and Outer Carpathians. 

The Sarmatian stage of foredeep sub si dence was ac com pa -
nied by ma jor nor mal fault ing in its east ern seg ment. Here,
faults step reg u larly down to wards the orogen, sug ges tive of in -
creas ing de flec tion of the fore land litho sphere un der the load of 
the accretionary wedge and the lat er ally al ready de tached slab.
A sec ond ary rea son for this step-like fault struc ture is the prox -
im ity to the rigid, thick and de flec tion re sist ing litho sphere of
the EEC. Large scale nor mal fault ing (see Fig. 7B) in ten si fies
fur ther in the Ukrai nian seg ment of the foredeep where the
Carpathians par al lel the SE-ward con tin u a tion of the Pol ish
Trough (Sovchik and Vul, 1996). Whole crustal fail ure of the
fore land litho sphere un der slab-pull and Carpathian load ing
stresses prob a bly in volved the re ac ti va tion of pre-ex ist ing
crustal dis con ti nu ities that marked the bound ary be tween the
rheologically con trast ing litho sphere of the old and strong EEC
and the youn ger and weaker Ma³opolska Mas sif. 

POST-OROGENIC RELAXATION

Al though the grabens in the Pol ish Low lands con tin ued to
sub side dur ing the Late Mio cene this is rather at trib uted to me -
chan i cal com pac tion of the thick lig nite seams than to con tin -
ued tec tonic ac tiv ity. With the Late Mio cene fi nal de tach ment
of the subducted slab be neath the West Carpathians, slab-pull
forces de cayed, the thrust belt be came in ac tive and the fore land 
litho sphere unflexed, as ev i denced by up lift and ero sion of the
Carpathians and their foredeep ba sin (Cloetingh et al., 2006;
Oszczypko, 2006).

Sim i lar to the Eger Graben, vol ca nic ac tiv ity ac com pa nied
the Plio cene–Pleis to cene up lift of the Sudetes (Wil son and
Downes, 1991; Ulrych et al., 1999; Birkenmajer et al., 2004).
Dur ing the Late Mio cene and Plio cene dif fer en tial up lift of the
mar ginal blocks of the Bo he mian Mas sif in volved
transpressional re ac ti va tion of pre-ex ist ing crustal dis con ti nu -
ities in re sponse to the build-up of compressional stresses at
crustal lev els, re flect ing in creas ing cou pling be tween the East
Al pine orogenic wedge and its fore land. This is in ter preted as
re sult ing from the on set of north ward subduction of Adri atic
con ti nen tal litho sphere un der the East ern Alps af ter the
subducted con ti nen tal Eu ro pean slab had been de tached from
the litho sphere around 20 Ma (Schmid et al., 2004; Kissling et
al., 2006; Ziegler and DÀzes, 2007). 

NEOTECTONIC AND RECENT COMPRESSION

Bore hole break out data (Jarosiñski, 2005a) and lim ited
seis mic events in di cate that the pres ent-day stress field of Po -
land is char ac ter ized by N- to NNW-di rected tra jec to ries of the
hor i zon tal max i mum compressional stress axes and a pre vail -
ing strike-slip stress re gime (Jarosiñski, 2006). When this stress 
field had de vel oped is, how ever, un cer tain. Neotectonic
remobilization of the Carpathian fore land is dated as Pleis to -
cene. Ear li est struc tural ev i dences for a late event of in creased
compressional de for ma tions come from the Pleis to cene (ca.
0.4 Ma; Ha³uszczak et al., 1995). 

20 Marek Jarosiñski, Pawe³ Poprawa and Peter A. Ziegler



In the con text of still on-go ing con ver gence of Af rica–Ara -
bia with Eu rope (Jiménez-Munt et al., 2003) and ac cord ing to
re sults of nu mer i cal mod el ing (Bada et al., 1998; Jarosiñski et
al., 2006), the pres ent-day stress field in the Carpathian Fore -
land is first of all con trolled by compressional stresses re lated
to con tin u ing in den ta tion of the rigid Adri atic Block. These
stresses prop a gate through the Pannonian re gion, across the
Carpathian su ture into the Pol ish Plat form (Fig. 11D;
Jarosiñski, 2006). This sug gests that fol low ing Mid dle Mio -
cene slab de tach ment be neath the West ern Carpathians and
Late Mio cene iso static re bound of the fore land litho sphere, the
IWCW be came me chan i cally strongly cou pled with the fore -
land. In the Pannonian Ba sin the build up of a compressional
stress re gime, driv ing late-stage in ver sion of ten sional bas ins,
com menced at the end of the Mio cene and con tin ued dur ing the 
Plio cene to re cent (Horváth and Tari, 1999; Fodor et al., 2005). 

On the other hand, NW–SE di rected compressional stresses 
are ex erted on the Carpathian Fore land by the Arc tic–North At -
lan tic Ocean, in which sea-floor spread ing had com menced
around 54 Ma ago (Gölke and Coblentz, 1996). This ridge push 
com pres sion gov erns stress di rec tion in the Bal tic area
(Jarosiñski, 2005a). Compressional stresses re lated to con tin -
ued collisional in ter ac tion of the Al pine Orogen with the Eu ro -
pean fore land (DÀzes et al., 2004; Ziegler and DÀzes, 2007),
con trol ling ac cel er ated Plio-Pleis to cene sub si dence of the
North Sea–North Ger man Ba sin (Cloetingh et al., 2008),
hardly af fect the Pol ish Low lands. In the SW part of Po land
stress di rec tions vary con sid er ably and range be tween NW–SE
to NNE–SSW, with stress re gimes vary ing be tween nor mal
and strike-slip fault ing (Jarosiñski, 2006). Strain dif fer ences
be tween East ern and West ern Po land are ac com mo dated along
the TTZ where stress ro ta tions are com mon.

CONCLUSIONS

The Ce no zoic evo lu tion of the Pol ish Plat form can be in ter -
preted in terms of chang ing tec tonic load ing con di tions along
the mar gins of the Eu ro pean Plat form. Three mar gin seg ments
have been iden ti fied as be ing cru cial for palaeostress con di -
tions on the Pol ish Plat form, namely the Carpathian and the
East Al pine ac tive mar gins and the Arc tic–North At lan tic pas -
sive mar gin. The EEC played the role of a sta ble but tress dur ing 
the Ce no zoic evo lu tion of the Pol ish Plat form. In ter mit tent
compressional and ten sional stresses em a nat ing from the Al -
pine and Carpathian col li sion zones in the south and south-west 
in ter fered with sys tem at i cally grow ing ridge-push forces of the 
Arc tic–North At lan tic sea-floor in the north west and north. The 
stress dis tri bu tion in the Carpathian Fore land was fur ther more
in flu enced by the com plex tec tonic struc ture of the TTZ and
the high rhe o log i cal con trast be tween the strong Pre cam brian
EEC and the weak Palaeozoic plat form. In this tec tonic set ting,
west ern Po land was more in flu enced by stresses em a nat ing
from the Al pine ac tive mar gin, while the east ern part of Po land
was con trolled by Carpathian-re lated loads. In the north ern
parts of the Pol ish Plat form, stress di rec tions were more sen si -
tive to loads on the Arc tic–North At lan tic pas sive mar gin.

With the Late Paleocene ter mi na tion of compressional in -
ver sion of the Mid-Pol ish Swell, con trol ling stresses re laxed
and the Carpathian Fore land was sub jected to ero sion. Dur ing
the Eocene, mi nor up lift of the Mid-Pol ish Swell was ac com pa -
nied by sub si dence of its mar ginal troughs. Driv ing mech a -
nisms con trol ling this sus pected sec ond ary in ver sion phase are, 
how ever, not yet un der stood. Al though the ge om e try of the
Mid-Pol ish depocentres and up lifted ar eas is sug ges tive of con -
tin ued ba sin in ver sion in re sponse to SW–NE di rected
compressional stresses, there is no ev i dence in the fore land of
the East ern Alps for an Eocene compressional stress re gime,
com pa ra ble to the one that had pre vailed dur ing the Paleocene.

By con trast to the fore land of the East ern Alps,
compressional stress built up in the Carpathian Fore land at the
end of the Eocene. Re con fig u ra tion of the Outer Carpathian
flysch bas ins at the Eocene–Oligocene tran si tion is in ter preted
as re sult ing from base ment in volv ing compressional de for ma -
tions, re flect ing in creas ing collisional cou pling of the IWCW
with the fore land litho sphere. At the same time sub si dence pat -
terns changed in the Pol ish Low lands from be ing con trolled
dur ing the Eocene by the NW–SE trending Mid-Pol ish Swell to 
Oligocene con trols ex erted by up lift of the W–E trending
Meta-Carpathian Swell. De vel op ment of this swell is thought
to re flect long-wave length buck ling of the litho sphere in re -
sponse to the build-up of N-di rected compressional intraplate
stresses em a nat ing from the Carpathian col li sion zone. Un der
this stress re gime pre-ex ist ing crustal dis con ti nu ities on the
Fore-Sudetic Monocline were transtensionally re ac ti vated dur -
ing the lat est Eocene, con trol ling the sub si dence of a sys tem of
nar row grabens.

At the end of Oligocene an extensional stress re gime was
es tab lished in the Carpathian Fore land, as ev i denced by the
sub si dence of nar row grabens. This extensional phase, which
per sisted dur ing the Lower and Mid dle Mio cene, co in cided
with the sub si dence of the flex ural Carpathian Foredeep Ba sin
and the main thrust ing phase of the Outer Carpathians. These
phe nom ena can be ex plained in terms of slab pull forces ex -
erted by the subducting fore land lithospheric slab, which
dipped be neath the IWCW. Roll back of this slab ac com pa nied
lat eral ex tru sion of the ALCAPA Block from the East ern Alps
and its collisional in ter ac tion with the seg ment of the Eu ro pean
mar gin that was oc cu pied by the Carpathian flysch ba sin com -
plex. Ex ten sion of the Carpathian Fore land was in ter rupted by
the short early Sarmatian transpressional ep i sode, which
caused se lec tive in ver sion of nor mal faults and grabens along
the SW bor der of TTZ. This ep i sode was co eval with the ter mi -
na tion of N–S di rected thrust ing in the Outer Carpathians and
east ward mi gra tion of the Carpathian Foredeep depocentre.
Both phe nom ena are in ter preted as an ef fect of slab de tach ment 
prop a gat ing dur ing the Mid dle Mio cene east ward across the
West ern Carpathians and re lated mi gra tion of the point, at
which max i mum slab-pull forces were ex erted on the litho -
sphere. Early and Mid dle Mio cene ex ten sion in the Carpathian
Fore land par al leled by ma jor thin-skinned con trac tion in the
orogen, re flects me chan i cal de coup ling of the IWCW from the
subducting fore land litho sphere. In the Pol ish Low lands the re -
lated extensional stresses ex ceeded ap par ently compressional
stresses trans mit ted from the Arc tic–North At lan tic pas sive
mar gin and the East ern Alps. 
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Upon Late Mio cene fi nal de tach ment of the subducted slab
be neath the West ern Carpathians, their iso static up lift com -
menced and ten sional stresses re laxed in the fore land. The
pres ent-day compressional stress re gime of the Pol ish Plat form
re sults from con tin ued coun ter-clock wise ro ta tional in den ta -
tion of the Adri atic Block com bined with far-field
Arctic–North At lan tic ridge push forces. Ef fec tive prop a ga tion
of col li sion-re lated stresses into Cen tral Eu rope re flects strong
me chan i cal cou pling of In ner West Carpathian and East Al pine 
orogenic wedges with the fore land litho sphere. The stress field
of the Sudetes and Fore-Sudetic Monocline is char ac ter ized by
the in ter fer ence of compressional stresses emanating from the
Eastern Alps and the Carpathians. 

Ce no zoic diachronic col li sion within the Alps and
Carpathians caused strain par ti tion ing be tween the west ern and 
east ern parts of Pol ish Low lands. For ex am ple, Early Mio cene
com pres sion in the Al pine Fore land, con trol ling up lift of the
Bo he mian Mas sif, was par al leled by ex ten sion in the
Carpathian Fore land. The pres ent-day compressional state on
the Al pine, Carpathian and Arc tic–North At lan tic mar gins of

the Eu ro pean Plat form causes puz zling ef fects of lat eral stress
changes and strain com pen sa tion be tween dif fer ent tec tonic
units. From Paleocene to re cent times stress con di tions on the
NW pas sive mar gin of Eu rope changed from rift-re lated ex ten -
sion to com pres sion in duced by ridge push. Sys tem atic growth
of ridge push forces through time played a sec ond ary role in the 
de for ma tion pat tern of the Pol ish Plat form.

In view of the com plex evo lu tion of plate bound ary loads
on the dif fer ent mar gins of the Eu ro pean Plat form, the con cep -
tual model pre sented in this pa per should be con sid ered as a
first at tempt to elu ci date the dy nam ics of the ob served
intracontinental de for ma tions. 
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