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The Late Perm ian and Me so zoic evo lu tion of the Mid-Polish Trough is ana lysed using a set of palaeotectonic cross-sections which are
con strained by re gional in te grated depth-converted re flec tion seis mic pro files. Re sults sup port the con cept that the cen tral and NW part
of the Mid-Polish Trough can be sub di vided into a Pom er a nian and a Kuiavian seg ment. The Pom er a nian seg ment is characterised by
lower sub si dence and a shal lower depth to the base of the Zechstein (3500–4000 m) as com pared with the Kuiavian seg ment. The Pom er -
a nian ba sin was characterised by a nearly sym met ri cal struc ture and a sin gle depocentre. In Kujawy, the ba sin dis plays a more com plex
struc ture with sev eral lo cal depocentres. In the Pom er a nian seg ment, salt struc tures are poorly de vel oped (salt pil lows). These formed
rel a tively late: dur ing the lat est Cre ta ceous and Early Paleocene. In the Kuiavian seg ment, salt struc tures in clude also salt diapirs which
be gan to form at the end of the Muschelkalk, and were ac tive later through out Me so zoic times, as ev i denced by lat eral fa cies and thick -
ness changes. Dur ing end Cre ta ceous and Paleocene ba sin in ver sion, the base of the Zechstein was up lifted by 3000–4000 m in the
Kuiavian seg ment and by 2000–3000 m in the Pom er a nian seg ment. The tran si tion zone be tween the Pom er a nian and Kuiavian seg -
ments, lo cated in the area be tween Piła and Toruń, dis plays mixed fea tures in its struc ture and geo log i cal evo lu tion. Sub si dence of  the
Mid-Polish Trough was con trolled by mul ti ple extensional pulses dur ing which pre-existing crustal-scale faults were re ac ti vated. Sim i -
larly, in ver sion of the Mid-Polish Trough in volved re ac ti va tion of crustal faults. Seg men ta tion of the Mid-Polish Trough can be re lated
to fac tors in clud ing dif fer ences in its base ment com po si tion. 
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INTRODUCTION

Palaeotectonic cross-sec tions were con structed by teams
from the Uni ver sity of Min ing and Met al lurgy, Pol ish Geo log i -
cal In sti tute and Pol ish Oil and Gas Com pany within the frame -
work of a re gional re search pro ject that ad dressed the hy dro car -
bon po ten tial of the Zechstein Main Do lo mite. For the pur pose
of this pro ject 13 palaeotectonic cross-sec tions were con -
structed on the ba sis of in te grated and re pro cessed, depth- con -
verted re flec tion-seis mic pro files, which were geophysically
and geo log i cally in ter preted  by spe cial ist teams of  Geofizyka
Toruń, the Geo log i cal Bu reau Geonafta and the Pol ish Geo log -
i cal In sti tute. These cross-sec tions run per pen dic u lar to the axis 
of the Mid-Pol ish Trough i.e. across the cen tral part of the
Perm ian ba sin. They are spaced at 20–70 km in ter vals and pro -
vide a three-di men sional im age of the geo log i cal struc ture of
the Mid-Pol ish Trough (Fig. 1).

The seis mic pro files were in ter preted only down to the base 
of Zechstein, as sub-Zechstein re flec tions are re cog nis able only 
on some of them. Re con struc tion of the evo lu tion of al most all
of the Perm ian-Me so zoic suc ces sion, ex cept for the ini tial
phase dur ing de po si tion of the Up per Rotliegend, was pos si ble
ow ing to the in ter pre ta tion of seis mic im ages down to the base
of the Zechstein. The ini tial phase is shown in Fig ure 2.

The es sen tial aim of this re port is the sub si dence anal y sis of
the Pom er a nian and Kuiavian seg ments of the Mid-Polish
Trough dur ing Perm ian and Me so zoic times. The anal y sis was
per formed for sev eral ma jor phases of ba sin evo lu tion and in -
cludes a re con struc tion of the orig i nal thick nesses of Zechstein
and Me so zoic de pos its along the re gional seis mic pro files. It
should be noted that these thick nesses have not been cor rected
for com pac tion and thus the re sults are ap prox i mate.

Only the cen tral parts of 5 palaeotectonic cross-sec tions
were se lected for pub li ca tion (Fig. 1). Of these, 2 cross-sec tions 
are typ i cal of the Pom er a nian seg ment of the Mid-Pol ish
Trough (Figs. 3 and 4), 1 cross-sec tion is sit u ated in the tran si -
tion zone be tween these two seg ments (Fig. 5) and 2 rep re sent
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the Kuiavian seg ment (Figs. 6 and 7). Due to the con sid er able
length of the cross-sec tions ana lysed, Fig ures 3–7 il lus trate
only their cen tral por tions, cov er ing the area of the Mid-Pol ish
Trough that is char ac ter ised  by the most in tense salt move -
ments and the great est de gree of ba sin in ver sion. The
palaeotectonic evo lu tion is there fore not pre sented against a
broader re gional back ground.

The cross-sections are given at the same ver ti cal and hor i -
zon tal scale so that struc tural fea tures and stra tal dips are main -
tained. 

Two pa pers, pro vid ing sets of geo log i cal cross-sections
across the Mid-Polish Trough, have re cently been pub lished.
The first one shows 19 re gional cross-sections cross ing the en -
tire Mid-Polish Trough and neigh bour ing ar eas (Dadlez, 2001). 
The sec ond one shows 10 cross-sections with a seis mic im age
back ground, through the Kuiavian seg ment of the Mid-Polish
Trough (Dziewińska et al., 2001). Some of these geo log i cal
cross-sections co in cide with the palaeotectonic cross-sections
pre sented in this pa per. The ter mi nol ogy for salt struc tures was
adopted from Dadlez (2001).

PALAEOTECTONIC EVOLUTION 
OF THE MID-POLISH TROUGH

Evo lu tion of the Mid-Pol ish Trough, which is su per im -
posed on the south west ern edge of the East Eu ro pean Craton
and the north east ern bound ary of the Variscides, be gan dur ing
the late Early Perm ian with the de po si tion of the Up per
Rotliegend se ries. At that time it formed a 700 km-long, nar -
row, and pe ri od i cally strongly sub sid ing, sed i men tary ba sin. Its 
de vel op ment was pre ceded by a wide spread up lift that com -
menced dur ing the lat est Car bon if er ous and cul mi nated dur ing
the Early Perm ian, as man i fested by the grad ual re duc tion of
the area of sed i men ta tion (Wag ner, 1994). The grad ual con -
trac tion of sed i men tary bas ins and the change in sed i men tary
re gime from ma rine to con ti nen tal started in the late Namurian
and suc ces sively in ten si fied dur ing the Westphalian. Dur ing
Stephanian and ear li est Rotliegend time, con ti nen tal sed i men -
ta tion was re stricted to small, iso lated intra-montane and fore -
land bas ins dis play ing the char ac ter is tics of grabens and
half-grabens (Wojewoda and Mastalerz, 1989; Kiersnowski,
1991; Pokorski, 1997). Wide spread up lift of the area which
sub se quently evolved into the Perm ian ba sin was ac com pa nied
by in tense mag matic ac tiv ity and the de po si tion of thick ef fu -
sive rocks, mainly along the west ern mar gin of the fu ture
Mid-Pol ish Trough (Fig. 2A). This  mag matic ac tiv ity re sulted
in a weak en ing and thin ning of the crust and man tle-litho sphere 
(Dadlez et al., 1998; Van Wees et al., 2000). Be tween the Early 
Perm ian and the ini tial phase of the for ma tion of the Mid-Pol -
ish Trough (Late Perm ian) there was prob a bly a sed i men tary
gap span ning sev eral to around 10 My.

Dur ing the de po si tion of the Up per Rotliegend (Drawa
Sub group) an ini tially asym met ric sed i men tary ba sin ap peared
be tween the Variscan de for ma tion front and the Teisseyre-
 Tornquist zone (T-T) (Pokorski, 1997, 1998b; Dadlez et al.,
1998). This ba sin (Fig. 2B) oc cu pied the Pom er a nian seg ment
of the Mid-Pol ish Trough and ter mi nated to the south-east in

the tran si tion zone to wards the Kuiavian seg ment. The de vel -
op ment of the Mid-Pol ish Trough com menced in its ax ial zone
with the de po si tion of the Drawa Sub group. The trough
showed max i mum sub si dence rates dur ing the Late Perm -
ian-Early Tri as sic (Wag ner, 1994; Pokorski, 1997). Fol low ing
this ini tial phase, the ba sin be gan to ex pand pro gres sively. Dur -
ing de po si tion of the Noteć Sub group (up per part of the Up per
Rotliegend) the ba sin wid ened con sid er ably and sed i men ta tion
grad u ally over stepped flank ing ar eas, with the Variscan Plat -
form show ing ev i dence for strong downwarp (Fig. 2C). How -
ever, the ax ial trough still re mained the zone of max i mum sub -
si dence with sed i men ta tion be ing dom i nated by sand stones,
mudstones and claystones. The ba sin also ex panded to wards
the north-east, but Noteć Sub group de pos its over stepped the
mar gin of the Pre cam brian Plat form only in north ern Po land
and around Warszawa. More over, small, lo cal bas ins de vel -
oped in shal low top o graphic lows on this plat form (Pokorski,
1997, 1998b). Sim i lar ten den cies are also ev i dent re gard ing
later phases of the ba sin evo lu tion. Dur ing the Zechstein
(Fig. 2D) and the de po si tion of the Lower and Mid dle
Buntsandstein the ba sin grad u ally wid ened whilst the Mid-Pol -
ish Trough depocentre sub sided rap idly with sed i men ta tion
keep ing in pace with  sub si dence. Dur ing the first phase of evo -
lu tion of the Mid-Pol ish Trough, i.e. dur ing 25 My years, up to
4000 m of Up per Rotliegend, Zechstein and Lower and Mid dle
Buntsandstein de pos its (50% of the en tire Perm ian and Me so -
zoic cover) ac cu mu lated in its ax ial parts. Sed i men ta tion of the
re main ing 4000 m of Me so zoic de pos its lasted al most 160 My
years (Wag ner, 1994; Dadlez et al. ed., 1998).

The de vel op ment of the Mid-Polish Trough was most
prob a bly con trolled by a com bi na tion of ther mal sub si dence
and a suc ces sion of extensional and transtensional tec tonic
pulses (Ziegler, 1990; Wag ner, 1994; Dadlez et al., 1995,
1998; Van Wees et al., 2000; Dadlez, 2001). The pa per by
Van Wees et al. (2000) dis cusses an al ter na tive the ory of a
“de layed infill” to ex plain the pos si bil ity of ac cu mu la tion of
such huge thick nesses of de pos its dur ing a short time. This
the ory as sumes the Early Perm ian de vel op ment of an
intracontinental de pres sion which sub sided be low the global
sea-level, and its fill ing dur ing the Late Perm ian. This hy poth -
e sis is dif fi cult to ac cept since Rotliegend con ti nen tal de pos its 
of the North-German Ba sin con tain a re cord of sev eral ma rine 
in gres sions, iden ti fied both within salt and terrigenous de pos -
its near the bound ary with the Zechstein. The Zechstein trans -
gres sion was very rapid al though it was not cat a strophic
(Wag ner, 1994).

Al ter na tively, the Mid-Polish Trough has been in ter preted
by Kutek (2001) and Karnkowski (1999) as a rifted ba sin. Al -
though this view is ac cept able for the first phase of ba sin for -
ma tion, no con vinc ing ev i dence for rift ing, at least in the Pom -
er a nian and Kuiavian seg ments of the Mid-Polish Trough, can
be found for the sub se quent his tory of the ba sin (Dadlez et al.,
1998; Dadlez, 2001). Also Van Wees et al. (2000) agree that
there is no con vinc ing ev i dence for Perm ian and Tri as sic rift ing 
through out the ba sin.

Late Perm ian and Early Tri as sic geo log i cal pro cesses were
prob a bly con trolled by ther mal sub si dence that fol lowed
Permo-Carboniferous lithospheric thin ning and re gional up lift,

Palaeotectonic cross-sections through the Mid-Polish Trough 295



as shown by the pre-Rotliegend geo log i cal struc ture of the
Perm ian ba sin (Wag ner, 1994).

Ac cord ing to Dadlez et al. (1995), two fur ther strong pulses 
of ac cel er ated tec tonic sub si dence oc curred dur ing the Late Ju -
ras sic and in mid-Cretaceous times (dur ing the Turonian, ac -
cord ing to Leszczyński, 2000b). How ever, these pulses were
weaker than the Late Perm ian-Early Tri as sic ones, though they
re sulted in a con sid er able in crease in thick nesses of Me so zoic
de pos its (Dadlez et al., 1998). Up to 10–12 km of Up per Perm -
ian and Me so zoic de pos its in to tal ac cu mu lated in the
Mid-Polish Trough.

At the Late Cre ta ceous/Paleocene tran si tion the Mid-Polish 
Trough was in verted, re sult ing in the de vel op ment of the
Mid-Polish Swell.

The Mid-Polish Trough shows a dis tinct seg men ta tion into
the Pom er a nian and Kuiavian seg ments. These seg ments,
which are sep a rated by a tran si tion zone (Dadlez, 2001), dif -
fered from each other in sub si dence rates dur ing the sed i men ta -
tion of the Zechstein-Mesozoic succession, the depth to the
base of Zechstein, the ba sin ar chi tec ture, the type of salt struc -
tures, and the tim ing of their for ma tion and synsedimentary tec -
tonic ac tiv ity. 

296 Ryszard Wagner, Krzysztof Leszczyński, Jędrzej Pokorski and Krzysztof Gumulak

Fig. 2. Palaeotectonic maps of the Perm ian



Causes of the seg men ta tion can be sought in dif fer ences
within the geo log i cal struc ture of the Palaeozoic sub stra tum of
the ba sin and pos si bly also of the crys tal line crust (Dadlez,
2001).

In the Pom er a nian and tran si tion seg ments, in SW parts of
the cross-sec tions 2 (Fig. 4) and 3 (Fig. 5), salt-pil lows formed
at a late  phase dur ing the evo lu tion of the Mid-Pol ish Trough.
These salt-pil lows sub se quently evolved dur ing the Late Cre ta -
ceous and Paleocene into the Ińsko and Człopa diapirs. Tec -
tonic ac tiv ity in the area of salt pil low for ma tion may have been 
as so ci ated with vari a tions in the geo log i cal struc ture of the
crys tal line crust, which were iden ti fied on re frac tion pro files
LT-7 (Guterch et al.,1994, 1999) and P2 (Guterch et al., 1999).
In the LT-7 pro file, un der a thick cover (about 12 km) of rocks
with ve loc i ties less than 6 kms–1 (Caledonides, Dadlez, 1997),
two blocks were re cog nised: a south west ern block com posed
of a lam i nated crust (B” — Fig. 1) and a north east ern block
with a cratonic-type crust (block B’). The bound ary be tween
them  is in di cated af ter Dadlez (1998).  Ac cord ing to Dadlez
(2000) these blocks may rep re sent a prox i mal terrane (or ter -
ranes) which were de tached, dis placed and then re joined with
Baltica. How ever, it is also pos si ble that the south west ern block 
has an Avalonia-type crust, and the bound ary be tween the
blocks sep a rates the prox i mal Pom er a nian terrane from an East
Avalonia terrane (or ter ranes). The con tact zone be tween these
crustal blocks has been re ferred to the Trans-Eu ro pean Fault
(TEF) (Berthelsen,1992; Młynarski et al., 2000) and, at Up per
Rotliegend lev els (Drawa Sub group), as the SW bound ary of
the Mid-Pol ish rift (Pokorski, 1998a). By con trast, the low ve -
loc ity layer (5.75–5.89 kms –1, Caledonides) is miss ing be neath 
the Kuiavian seg ment, and crys tal line crust (ap prox i mately 10
km in thick ness, ve loc i ties from 6–6.1 kms –1) lies di rectly be -
neath the sed i men tary cover (Grad et al., 1999). In this seg ment 
both the thick ness of the crys tal line crust and the depth of the
Moho (more than 40 km) in di cate that it prob a bly con sists of
mod i fied cratonic crustal ma te rial (pre sum ably allochthonous). 
The Pom er a nian and East Avalonian crustal blocks of the Pom -
er a nian seg ment prob a bly do not ex tend into the Kuiavian seg -
ment (terrane), whilst the SW zone of salt tec ton ics
(Gopło-Pabianice Zone — Dadlez, 1998) ap pears to co in cide
with the bound ary be tween these two units of the crys tal line
crust.

REGIONAL PALAEOTECTONIC CROSS-SECTIONS 

Palaeotectonic re con struc tions of the re gional seis mic sec -
tions were de vel oped for 4 evo lu tion ary phases of the Pol ish
Low lands. These phases re trace the main phases in the sub si -
dence his tory of the Zechstein-Mesozoic ba sin, the de vel op -
ment of salt struc tures and in ver sion pro cesses.

— phase I — be gin ning of Zechstein to end                   
Muschelkalk;

— phase II — from  Keuper times to the end of the Early
Cre ta ceous;

— phase III — Late Cre ta ceous;
— phase IV — pres ent con fig u ra tion, af ter in ver sion and

the de vel op ment of the Mid-Polish Swell.

PHASE I — ZECHSTEIN-MUSCHELKALK

Phase I de fines the palaeostructural po si tion of the base
Zechstein at the end of Muschelkalk sed i men ta tion by when the 
first pe riod of max i mum sub si dence rate ter mi nated in the Pol -
ish Low lands (Late Perm ian and Early Tri as sic). Salt move -
ments had not yet started, ex cept in sec tion 4 (Fig. 6). 

As the top of the Muschelkalk cor re sponds to one of the
most prom i nent re gional seis mic marker ho ri zons, the
Muschelkalk was in cluded in this phase, al though the pe riod of
rapid sub si dence had al ready ter mi nated at the end of the Mid -
dle Buntsandstein. 

An anal y sis of this phase re quires the re con struc tion of the
orig i nal thick nesses of the Zechstein salts in ar eas which were
af fected by halotectonic de for ma tions. This re con struc tion was
per formed on the ba sis of the anal y sis of re gional salt thick ness
vari a tions within the 2-D geo log i cal space (Wag ner, 1998) of
the seis mic-geological sec tion. This in ter pre ta tion may be af -
fected by some er rors in bal anc ing salt vol umes on a lo cal scale. 
These er rors can in flu ence the in ter preted mag ni tude of
post-Cretaceous ero sion of Me so zoic de pos its.

In the Pom er a nian seg ment of the Mid-Pol ish Trough sub -
si dence rates were reg u lar and strong. In its ax ial zone, the base
of Zechstein sub sided to a depth of ap prox i mately 3000 m
(cross-sec tion 1 — Fig. 3; cross-sec tion 2 — Fig. 4). The mar -
gins of the Mid-Pol ish Trough were asym met ric with greater
thick ness gra di ents in the north-east. Listric faults, sep a rat ing
base ment blocks (Antonowicz et al., 1994), were ac tive in this
area (be yond the area il lus trated on the cross-sec tions).

The tran si tion zone be tween the Pom er a nian and Kuiavian
seg ments un der went a sim i lar evo lu tion dur ing phase I
(cross-sec tion 3 — Fig. 5).

The dif fer ent evo lu tion of the Kuiavian seg ment man i -
fested it self  in higher and more var ied sub si dence. Lo cal
depocentres formed within the ba sin, with some of them show -
ing the char ac ter is tics of tec tonic grabens or half-grabens. The
Krośniewice De pres sion, where the base of  the Zechstein
reached a depth of 4000 m, pro vides an ex am ple. Ini tial salt
struc tures, sub se quently evolv ing into the Wojszyce Salt-pil -
low and the Kłodawa Diapir, were prob a bly al ready ac tive at
this phase. These were pre sum ably the first salt move ments in
the Pol ish Low lands (cross-sec tion 4 — Fig. 6). This is the ex -
cep tion  mentioned above, as in cip i ent salt move ments were ac -
cen tu ated on a re gional scale dur ing the Late Tri as sic — be fore
the Norian (Dadlez, 2001). Zones of strong sub si dence are
more pro nounced in the Kuiavian seg ment than in the Pom er a -
nian seg ment.

PHASE II — KEUPER-EARLY CRETACEOUS

Phase II in the de vel op ment of the Mid-Polish Trough de -
fines the po si tion of the base of the Zechstein at the end of the
Early Cre ta ceous and af ter the sec ond, much weaker, sub si -
dence pulse which oc curred dur ing the Early and Late Ju ras sic.
This phase cov ers a long time pe riod as the seis mic re cords do
not al low its sub di vi sion and re flec tors as so ci ated with Ju ras sic
in ter vals are dis con tin u ous. There fore the very good qual ity
base Up per Cre ta ceous marker ho ri zon was cho sen as the
phase II/phase III bound ary.
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This phase ex presses more dis tinctly the dif fer ences in the
evo lu tion of the Pom er a nian and Kuiavian seg ments. 

In the Pom er a nian seg ment, the thick ness in creases of
Keuper, Ju ras sic and Lower Cre ta ceous de pos its to wards the
ba sin axis were grad ual and the en tire com plex at tained its
max i mum thick ness of about 3200 m in the north and 2800 m
in the south. The axes of depocentres shifted to wards the SW as 
com pared with their po si tion dur ing phase I. This is best il lus -
trated in cross-sec tion 2 (Fig. 4).

The de vel op ment of an ini tial salt struc ture (sub se quently
the Człopa Diapir) is ob served at this phase in the SW part of
the cross-sec tion 2 (Fig. 4). Fur ther to the north, but in the same
zone (cross-sec tion 1 — Fig. 3), is an area (lo cated SW of the
max i mum sub si dence zone) in which thick nesses lo cally in -
creased by about 200 m. This in crease sug gests that very weak
salt move ments were ini ti ated within the zone in which the
Ińsko Diapir sub se quently de vel oped. These two ini tial salt
struc tures oc cu pied sim i lar po si tions rel a tive to the con tem po -
ra ne ous depocentre and the axes of the Late Cre ta ceous-Early
Ter tiary in ver sion zone. These salt struc tures are lo cated within 
a mo bile, strongly faulted area which evolved into a depocentre 
dur ing the Late Cre ta ceous.

Cross-sec tion 3 (Fig. 5) is lo cated in the tran si tion zone be -
tween the Pom er a nian and Kuiavian seg ments of the Mid-Pol -
ish Trough. At phase II, in con trast to phase I, the zone dis -
played much sim i lar ity to the Kuiavian seg ment. In tense salt
move ments com menced rel a tively early in this area — dur ing
the Early Ju ras sic or even the Rhaetian. The ini tial de vel op -
ment of the Szubin, Damasławek and Janowiec salt struc tures
can be ob served here. The first pierc ing salt domes may have
evolved near Damasławek at the end of phase II. Lo cal
salt-with drawal depocentres formed dur ing the Ju ras sic and
Early Cre ta ceous in ar eas sit u ated be tween these salt struc tures. 
Max i mum sub si dence zones are ev i dent on ei ther side of the
Szubin Salt-pil low in which ap prox i mately 3000 m of Ju ras sic
and Lower Cre ta ceous de pos its ac cu mu lated.

The palaeotectonic evo lu tion of the Kuiavian seg ment dur -
ing phase II is best il lus trated in cross-sec tion 4 (Fig. 6). De vel -
op ment of the Wojszyce and Kłodawa salt struc tures, ini ti ated
dur ing phase I, con tin ued dur ing Keuper-Early Cre ta ceous
times. Other salt struc tures, lo cated both to the north-east
(Gostynin Salt-pil low) and the south-west (Ponętów Salt-pil low
and prob a bly Uniejów Salt-pil low), also de vel oped in these
times. Strong sub si dence of ar eas sit u ated be tween these salt
struc tures con trolled de vel op ment of lo cal depocentres filled
mainly with Keuper and Ju ras sic de pos its. A graben-type fea -
ture, filled with thick Keuper and Up per Ju ras sic de pos its, was
de vel oped dur ing the Keuper be tween the Ponętów and
Kłodawa salt struc tures. Strong up lift of both of these struc tures
oc curred in the Keuper and the first pierc ing salt domes may
have been formed in the area at that time (Dziewińska et al.,
2001). It is also pos si ble that the Kłodawa salt struc ture started to
rise a lit tle ear lier than Ponętów. At the end of phase II both of
these struc tures, in par tic u lar the Kłodawa, pierced through
Buntsandstein de pos its. 6000 m of Keuper-Lower Cre ta ceous
de pos its ac cu mu lated in the area be tween the ris ing Kłodawa
Diapir and the Wojszyce Salt-pil low, whereas, be tween the
Wojszyce and Gostynin salt-pil lows, about 5000 m were de pos -
ited. The great est in crease in thick ness oc curred in the Keuper

and Early, Mid dle and Late Ju ras sic. In the Poddębice Trough,
lo cated be tween the Kłodawa Diapir and the Ponętów Salt-pil -
low, Keuper-Lower Cre ta ceous de pos its at tained a thick ness of
over 3000 m. At the end of phase II the base of Zechstein had
sub sided to  max i mum depth of ap prox i mately 9000 m in the ax -
ial part of the Kuiavian ba sin.

Sim i lar ten den cies can be ob served in the south ern most
cross-sec tion 5 (Fig. 7). Max i mum sub si dence zones de vel -
oped on both sides of the Jeżów Salt-pil low. Keuper-Lower
Cre ta ceous de pos its at tained or slightly ex ceeded 3000 m in
thick ness. How ever, salt move ments were much weaker than
ob served in cross-sec tion 4. At the end of phase II the base of
the Zechstein had sub sided in cross-sec tion 5 to a max i mum 
depth of about 6000 m.

PHASE III — LATE CRETACEOUS

Phase III in the evo lu tion of the Mid-Pol ish Trough de fines
the po si tion of the base of the Zechstein at the end of the Late
Cre ta ceous. Re con struc tion of the sub si dence his tory and of
tec tonic pro cesses that oc curred at that time is dif fi cult and con -
tro ver sial. Our knowl edge about the pro cesses in the area of the 
Mid-Pol ish Trough is poor due to com plete ero sion of all Up -
per Cre ta ceous de pos its  over the cul mi na tion of the Pom er a -
nian and Kuiavian swells (Figs. 3–7). Also in other ar eas, in
par tic u lar along anticlines, the up per most parts of the Up per
Cre ta ceous suc ces sion were re moved (mainly Maastrichtian,
lo cally older de pos its). There fore, re con struc tion of this phase
re quired the anal y sis of the orig i nal thick ness of Up per Cre ta -
ceous de pos its. This pro ce dure is sub ject er ror, aris ing from our 
per sonal in ter pre ta tion and the meth ods used.

In ter preting the orig i nal thick nesses of the Up per Cre ta -
ceous we as sumed that salt move ments were in tense dur ing that 
time (ob served through all of the Late Cre ta ceous) and even in -
ten si fied from the Coniacian on wards (Cieśliński and
Jaskowiak, 1973; Leszczyński, 2000a, b). This in crease in ac -
tiv ity may be re lated to the in ver sion of lo cal tec tonic struc -
tures, par tic u larly in ma jor tec tonic zones such as
Koszalin-Chojnice, Drawno-Człopa-Szamotuły (Leszczyński,
2002, this vol ume), Gopło-Ponętów-Wartkowice, and
Izbica-Kłodawa (Leszczyński, 2000a, b), and to the in cip i ent
phase of re gional in ver sion of the en tire Mid-Polish Trough. In
the pres ent in ter pre ta tion, it was as sumed that in ver sion of the
Mid-Polish Trough com menced dur ing the Coniacian, and that
it was a com plex, pulsatory and multi-phase pro cess (e.g.
Dadlez, 1976, 1980; Jaskowiak-Schoeneichowa, 1981; Dadlez
and Marek, 1997; Dadlez et al., 1997; Krassowska, 1997;
Leszczyński, 1997; Leszczyński and Dadlez, 1999;
Leszczyński, 2000b). Ba sin in ver sion cul mi nated at the
Maastrichtian/Paleocene tran si tion, and re sulted in the fi nal up -
lift of the Mid-Polish Swell. How ever, it should be noted that
there are other opin ions con cern ing the age of in ver sion, sug -
gest ing that the pro cess be gan af ter the Santonian (e.g.
Hakenberg and Świdrowska, 1998; Świdrowska and
Hakenberg, 1999) or even at the Cre ta ceous/Ter tiary tran si tion  
(e.g. Kutek and Głazek, 1972).

Anticlines and syn clines con tin ued to form through out
phase III of the evo lu tion of the Mid-Pol ish Trough. This is
seen in de creas ing thick nesses of the Up per Cre ta ceous strata
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to wards an ti cli nal axes (Jaskowiak-Schoeneichowa, 1981;
Jaskowiak-Schoeneichowa and Krassowska, 1988). Salt struc -
tures (Ińsko Diapir — Fig. 3; Człopa Diapir — Fig. 4; Janowiec 
Salt-pil low, Damasławek Diapir — Fig. 5; Uniejów Salt-pil -
low, Ponętów Diapir, Kłodawa Diapir, Gostynin Salt-pil low — 
Fig. 6) were ac tive through out the Late Cre ta ceous, and par tic -
u larly dur ing Coniacian-Campanian times (Cieśliński and 
Jaskowiak, 1973; Leszczyński, 2000a, b). Ac tiv ity of anticlines 
which are not salt-in duced, such as the Koszalin-Chojnice
Zone (Figs. 3 and 4), started in the Coniacian (Leszczyński,
2002, this vol ume). Synsedimentary faults may have been ac -
tive in the ar eas of in ver sion and strong salt move ments
(Człopa Diapir — Fig. 4; Janowiec Salt-pil low, Damasławek
Diapir — Fig. 5; Kłodawa Diapir — Fig. 6), re sult ing in thick -
ness dif fer ences of the in di vid ual Up per Cre ta ceous phases.

Dur ing the Cenomanian, tec tonic sub si dence was still low.
It rap idly in creased dur ing the Turonian, cul mi nat ing dur ing
the Turonian-Santonian. Sub se quently, sub si dence rates grad -
u ally de creased un til the end of the Late Cre ta ceous
(Leszczyński, 2000b). Af ter the Coniacian, sub si dence rates
var ied from area to area. They were higher in the Szczecin-
 Mogilno-Uniejów and Pom er a nian-Płock troughs, and lower
across the area of the pres ent-day Mid-Pol ish Swell, with pos -
si ble ar eas of lo cal and pe ri odic up lifts. Prior to the Coniacian,
the zone of max i mum sub si dence co in cided with the cen tral
part of the Mid-Pol ish Trough. From the Coniacian on wards
the sub si dence axis prob a bly shifted to wards the troughs flank -
ing the pres ent-day Mid-Pol ish Swell to the NE and SW
(Figs. 3–7). The great est thick nesses of Up per Cre ta ceous de -
pos its (over 2000 m) are ob served in the syn clines of the
Mogilno- Uniejów Trough (near the Damasławek Diapir —
Fig. 5; on both sides of the Ponętów Diapir — Fig. 6) and
Szczecin Trough (on both sides of the Ińsko Diapir — Fig. 3;
SW of the Człopa Zone — Fig. 4), near salt struc tures. The in -
ter preted thick ness of Up per Cre ta ceous de pos its in the area of
the pres ent-day Mid-Pol ish Swell prob a bly did not ex ceed
2000 m.

Dur ing the Late Cre ta ceous the base of Zechstein had sub -
sided to its max i mum depth and reached in the Pom er a nian
seg ment a depth of ap prox i mately 6500 m, and in the Kuiavian
seg ment depths in the range of 7000 to 10 000 m. In Fig ure 5,
show ing a cross-sec tion sit u ated in the tran si tion zone be tween
the Pom er a nian and Kuiavian seg ments, the base of Zechstein
reached depths typ i cal of the Pom er a nian seg ment of the or der
of 6000 m.

PHASE IV — PRESENT CONFIGURATION, AFTER INVERSION

Phase IV de fines the pres ent-day con fig u ra tion of the Pol -
ish Trough, re sult ing from its in ver sion and the for ma tion of
the Mid-Pol ish Swell. In ver sion caused up lift of this area and
in tense ero sion of Cre ta ceous and Ju ras sic strata, lo cally in the
Pom er a nian seg ment even of Tri as sic de pos its (Dadlez et al.,
2000). The mag ni tude of up lift has been es ti mated to amount to 
1000–2000 m in the Pom er a nian seg ment  and up to 3000 m in
the Kuiavian seg ment where in ver sion move ments were the
stron gest (Dadlez et al., 1997; Dadlez ed., 1998). Our

palaeotectonic anal y ses in di cate that these val ues could be
greater by up to 1000 m in both seg ments. Max i mum up lift
zones are ob served near Czaplinek (Fig. 3), around the Szubin
Salt-pil low (Fig. 5), close to the Kłodawa Diapir (Fig. 6) and
near the Justynów and Jeżów salt-pil lows (Fig. 7). In the
Kuiavian seg ment, and lo cally also in Pomerania, the max i -
mum up lift zone is ob served close to the SW edge of the
Mid-Pol ish Trough (Figs. 5 and 6). The troughs, oc cur ring on
ei ther side of the Mid-Pol ish Swell, were ul ti mately shaped af -
ter the Maastrichtian. North-east of the Mid-Pol ish Swell the
troughs are less downwarped and struc tur ally less com pli cated
as com pared to the troughs which de vel oped to the SW of the
swell. More over, Lower Paleocene de pos its oc cur at the top of
the Zechstein-Me so zoic suc ces sion in the north east ern troughs
(Jaskowiak-Schoeneichowa and Krassowska, 1988; Dadlez et
al., 2000). The north east ern slope of the Mid-Pol ish Swell is
also more gen tle. All these facts in di cate an asym me try of in -
ver sion (Dadlez ed., 1998). As a re sult of in ver sion, the base of
the Zechstein be neath the Mid-Pol ish Swell was up lifted to
depths more or less equal to that in the flank ing Szczecin and
Mogilno-Uniejów troughs, and lo cally dis tinctly shal lower
(Figs. 3–7).

Af ter the Maastrichtian, salt struc tures ac quired their ul ti -
mate shape (Krzywiec, 2000). Salt-pil lows were formed in the
Pom er a nian seg ment (cross-sec tion 1 — Fig. 3; cross-sec tion 2
— Fig. 4). In the Szczecin Trough, Zechstein salts pierced
through al most all of the Me so zoic suc ces sion (Człopa Diapir,
cross-sec tion 2 —  Fig. 4). The salt struc tures evolved most
rap idly not in the Pom er a nian Swell but in the Szczecin
Trough, ad ja cent to the Mid-Pol ish Swell. In the tran si tional
area be tween the Pom er a nian and Kuiavian seg ments
(cross-sec tion 3 — Fig. 5), the Szubin Salt-pil low was ul ti -
mately formed. In the neigh bour ing troughs the de vel op ment
of salt struc tures was com pleted at this time (fi nal pierc ing of
Damasławek Diapir and for ma tion of Koronowo Salt-pil low).
In terms of salt struc ture evo lu tion, this area re sem bles more the 
Kuiavian than the Pom er a nian seg ment. In the for mer area the
in ten sity of salt move ments was strong within both the
Kuiavian Swell and the Mogilno-Uniejów Trough (Kłodawa
and Ponętów diapirs, cross-sec tion 4 — Fig. 6; Justynów and
Jeżów salt-pil lows, cross-sec tion 5 — Fig. 7).

In ver sion caused the re ac ti va tion of pre-ex ist ing faults as
well as the de vel op ment of new ones, par tic u larly along zones of
strong tec tonic ac tiv ity. The faults cut dif fer ent suc ces sions of
the Perm ian-Me so zoic cover (Dadlez ed., 1998; Krzywiec,
2000). These can be faults ob served within the lower por tion of
the cover or cut ting it from bot tom to top, of ten rooted within
deeper fault zones. Dis tinct faults also bound salt struc tures
(Figs. 3–7). Both nor mal and re verse faults are ob served
(Dadlez, 2001). The oc cur rence of sub stan tial num ber of re verse
faults (40%) may be in dic a tive of re gional com pres sion within
the sed i men tary cover of the Mid-Pol ish Swell (Krzywiec,
2000). Dadlez (2001) re jects such a hy poth e sis, ex plain ing the
fault ing by in verse ver ti cal move ments dur ing in ver sion. Nev er -
the less, apart from the pres ence of re verse faults, the im ages of
some salt struc tures (e.g. Wojszyce Salt-pil low, cross-sec tion 4
— Fig. 6; Koronowo Salt-pil low, cross-sec tion 3 — Fig. 5) in di -
cate a con tri bu tion from a compressional com po nent.
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CONCLUSIONS

The palaeotectonic anal y sis of re gional seis mic sec tions
per mit to re con struc tion of the evo lu tion of the Mid-Polish
Trough at the ma jor phases of its tec tonic de vel op ment. This al -
lows to eval u ate sub si dence his tory of the base Zechstein dur -
ing the Late Perm ian and Me so zoic, and to de ter mine depth to
which the base of Zechstein de pos its had sub sided, as well as
the tim ing and in ten sity of the for ma tion of salt struc tures. Re -
con struc tion of the evo lu tion of the Zechstein and Me so zoic
bas ins has pro vided fur ther means of un der stand ing some de -
tails of the geo log i cal struc ture of this area dur ing its Late Cre -
ta ceous and Ter tiary in ver sion, as well as dif fer ences be tween
the Pom er a nian and Kuiavian seg ments.

1. The anal y sis of the palaeotectonic evo lu tion of the
Mid-Polish Trough con firms that the Pom er a nian and Kuiavian 
seg ments (Dadlez, 2001) dif fer in many as pects of their geo -
log i cal evo lu tion.

2. Compared to the Kuiavian seg ment, the Pom er a nian seg -
ment was characterised by lower sub si dence dur ing Late Perm -
ian-Mesozoic times. The max i mum orig i nal thick ness of the
Zechstein-Mesozoic suc ces sion at tained about 6000–6500 m
in the Pom er a nian seg ment, and about 10000 m in the Kuiavian 
seg ment.

3. Cor re spond ingly, the max i mum depth to which the base
of the Zechstein had sub sided prior to ba sin in ver sion dif fers
be tween these two seg ments by about 3500–4000 m.

4. Both seg ments dif fer in the con fig u ra tion of the sed i men -
tary bas ins which de vel oped dur ing suc ces sive evo lu tion ary
phases. In the Pom er a nian seg ment these bas ins were only
slightly asym met ric and were char ac ter ised by only one
depocentre, the ax ial zone of which shifted some what through
time. In the Kuiavian seg ment the sed i men tary bas ins were
char ac ter ised by sev eral depocentres which were sep a rated by
grad u ally ris ing salt-cored zones. 

5. In the Pom er a nian seg ment, flow-induced salt struc tures
are de vel oped more weakly and  were  prob a bly formed rel a -
tively late, dur ing the lat est Cre ta ceous or dur ing ba sin in ver -
sion. In Kujawy, salt struc tures be gan to rise at the end of the
Muschelkalk and re mained ac tive through out Me so zoic times,
form ing salt pil lows and diapirs, con trol ling lat eral thick ness
and fa cies changes.

6. The mag ni tude of syn-inversion up lift of the base of
Zechstein is es ti mated at 2000–3000 m in the Pom er a nian seg -
ment, and at 3000–4000 m in the Kuiavian seg ment.

7. The tran si tion zone be tween the Pom er a nian and
Kuiavian seg ments, dis plays mixed fea tures in its struc tural
evo lu tion dur ing the suc ces sive phases.
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