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The pa per pres ents a set of maps il lus trat ing the in ter nal ge om e try of the Up per Cre ta ceous-Danian sed i men tary se quence in the Pol ish
Low lands. Qual i ta tive lithofacies are used for re con struc tions with the dom i nant lithofacies com po nent and ac ces sory com po nents in di -
cated. The fol low ing maps are pro duced: (1) base Up per Cre ta ceous struc tural map; (2) Up per Cre ta ceous (in clud ing Danian) thick ness
map; (3) thick ness map of suc ces sion K3 (Cenomanian–lower Turonian, ex clud ing the up per Albian cy cle K3-I, which is the low er most
cy cle of suc ces sion K3, but for mally be longs to the Lower Cre ta ceous); (4) suc ces sion K4 (up per Turonian–Danian) thick ness map. The
maps of suc ces sions K3 and K4 il lus trate the post-in ver sion ge om e try of the ba sin for the pre-in ver sion (Cenomanian–lower Turonian)
and syn-in ver sion (up per Turonian–Danian) suc ces sions. Thick ness anal y sis shows an in creas ing dif fer ence in sub si dence rate dur ing
the Late Cre ta ceous be tween the ar eas ex tend ing on the two sides of the pres ent-day Mid-Pol ish Swell. Much higher sub si dence rates
dur ing de po si tion of suc ces sion K4 oc curred in the area ex tend ing to the SW of the swell. The max i mum sub si dence zone mi grated with
time from the Pom er a nian and Kujavian seg ments to wards the Kujavian and Lublin seg ments. The lithofacies pat tern is pre sented in
seven maps con structed for in di vid ual eustatically and tec toni cally con trolled cy cles: K3-II–K3-III (early Cenomanian–early late
Cenomanian), K3-IV (lat est Cenomanian–early Turonian), K4-I (late Turonian–Coniacian), K4-II (Santonian–ear li est Campanian),
K4-III (late early Campanian–ear li est Maastrichtian), K4-IV–K4-V (late early Maastrichtian–late Maastrichtian) and Pc-I (Danian–?ear -
li est Selandian). 
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INTRODUCTION

The in ter nal ge om e try of the Up per Cre ta ceous-Danian se -
quence in the Pol ish Low lands, in ter preted based on data from
ap prox i mately 1100 bore holes (Fig. 1A), is il lus trated by a set of
maps (base Up per Cre ta ceous map, thick ness maps and
lithofacies maps). The study area cov ers the Late Cre ta ceous ba -
sin of the Pol ish Low lands, which freely com mu ni cated with the
other Eu ro pean bas ins and was dom i nated by car bon ate sed i -
men ta tion (Fig. 1B). Sed i men tary cyclicity within the ba sin was
con trolled by eustatic and tec tonic fac tors (Leszczyñski, 1997).
The re la tion ship be tween the cyclicity and the most com monly
used curves of rel a tive sea level changes is il lus trated in Fig ure 2.

The struc tural and thick ness maps are com piled with re -
spect to the base of the Cenomanian, which is the stan dard
lower bound ary of the Up per Cre ta ceous se ries (Birkelund et
al., 1984; Raw son et al., 1995; Wag ner, 2008; Fig. 3). It marks

the on set of rapid ex pan sion of the Late Cre ta ceous Sea in the
Pol ish Ba sin and the be gin ning of wide spread car bon ate/chalk
de po si tion in the Eu ro pean bas ins (Walaszczyk, 1987;
Jaskowiak-Schoeneichowa and Krassowska, 1988b; Voigt et
al., 2008; Vejbaek et al., 2010).  Sed i men ta tion of the Late Cre -
ta ceous mega cy cle was pri mar ily re lated to the rel a tive sea
level rise ini ti ated dur ing the mid dle-late Albian and man i -
fested by siliciclastic de po si tion on a shal low shelf. The sea
level rise ac cel er ated dur ing Albian–Cenomanian times lead ing 
to the de vel op ment of deeper-ma rine siliciclastic-car bon ate fa -
cies fol lowed by car bon ate de po si tion over large ar eas. The
car bon ate-si li ceous depositional sys tem de vel oped on a larger
scale dur ing the Turonian and dom i nated in the Pol ish Low -
lands (es pe cially in the ba sin cen tre) un til the Maastrichtian and 
Danian (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Krassowska, 1997; Leszczyñski, 1997, 2010). 

Be gin ning with the Turonian, chalk was de pos ited in rel a -
tively shal low-ma rine zones  be low the storm wave base, far
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Fig. 1A – lo ca tion of bore holes, and main tec tonic units; 
B – palaeo ge ogra phy in Cenomanian to Danian times (mod i fied af ter Ziegler, 1982)



from land ar eas [see Re search on Cre ta ceous Cy cles
(R.O.C.C.) Group, 1986; Mortimore et al., 2001]. Biogenic
lime stone sed i men ta tion oc curred in ar eas ad join ing the chalk
zone. Deeper ma rine zones were oc cu pied by de po si tion of
pelitic lime stones, marls and car bon ate-si li ceous rocks (pre -
dom i nantly si li ceous car bon ates – so-called opoka; see
Œwidrowska and Hakenberg, 1999; Œwidrowska et al., 2008).
The main fac tors con trol ling the sed i men ta tion and lithofacies
types were the dis tance from the shore, to pog ra phy of land ar e -
as and the cli mate, which was more sta ble, and of rel a tively low 
tem per a ture am pli tudes due to large sea ar eas. How ever, the re -
la tion ship be tween the type of car bon ate de po si tion and the ba -
sin depth could also be ex plained by dif fer ent rates of cal cium
car bon ate dis so lu tion (e.g., Harapiñska-Depciuch, 1972).

The over all lithofacies pat tern in the Late Cre ta ceous ba sin
in Po land is as fol lows (from deeper to shal lower zones): si li -
ceous car bon ates (opoka) and pelitic lime stone ® biogenic
lime stone ® chalk (Jaskowiak-Schoeneichowa and Krasso -
wska, 1988b; Leszczyñski, 2010). Marls could be de pos ited
both in deeper (dis so lu tion of CaCO3) and shal lower zones ex -
tend ing closer to the land (more terrigenous ma te rial). In the ar -
e as re main ing un der the in flu ence of strong clastic sup ply from
the land (e.g., Pom er a nian Trough, £eba El e va tion, Peribaltic
Syneclise), the fol low ing lithofacies zonation is ob served: si li -
ceous car bon ates (opoka) ® marly claystone ® (marly) mud -

stone (siltstone) ® sand stone. In the ba sin cen tre,
siliciclastic fa cies re lated to lo cal in ver sion up lift -
ing move ment of salt- cored anticline crests are su -
per im posed on this gen eral lithofacies pat tern. The
pro cesses of lo cal salt move ment and in ver sion of
the Mid-Pol ish Trough sig nif i cantly in flu enced the 
sea-floor to pog ra phy and ba sin bathymetry. An
im por tant palaeotectonic and palaeo geographic el -
e ment was the Koszalin– Chojnice Zone in the
Pom er a nian Trough. It was a bar rier to the
siliciclastic fa cies “ex pand ing” from the £eba El e -
va tion and Peribaltic Syne clise, es pe cially
well-pro nounced dur ing Coniacian and Santonian
times. A pe ri odic north east ward re treat of the sili -
cilastics and the over lap ping po si tion of the
Campanian de pos its in the £eba El e va tion (Dadlez
et al., 1976) may have been due to a prom i nent sea
level rise at that time (Fig. 2; Han cock, 1989). The
com mon fea ture typ i cal of the Up per Cre ta ceous
se quence in the Cen tral Eu ro pean Ba sin is the oc -
cur rence of nu mer ous phos phatic, chert and flint
ho ri zons. Nod u lar phos phates in epiconti nental
car bon ate se quences are in di ca tors of sea level
lowstands and may be cor re lated with troughs on
sea level curves, mark ing a tran si tion from a re -
gres sive to transgressive phase (see Han cock,
1989; Marcinowski et al., 1996). There are also nu -
mer ous hardground sur faces that form as a re sult of 
early diagenetic ce men ta tion, and doc u ment pe ri -
ods of non-de po si tion or re-ex po sure and win now -
ing. Hardgrounds are synsedimentarily lithified
car bon ate sea-floors that be come hard ened in situ
by the pre cip i ta tion of car bon ate ce ment in the pri -

mary pore space (Wil son and Palmer, 1992). They are com mon 
ho ri zons in ma rine car bon ates that ex hibit ev i dence of ex po -
sure on the sea-floor as lithified rock. Hardgrounds are of ten in -
ter preted to mark the tops of re gres sive sea level changes, or at
least to have been fol lowed by trans gres sion (Jones and
Desrochers, 1992). How ever, there are also hardgrounds that
form rap idly and are not as so ci ated with sea level changes
(Dravis, 1979). In the Late Cre ta ceous ba sin of the Pol ish Low -
lands, hardgrounds de vel oped due to both re gres sive pulses re -
lated to sea level drops (cf. Han cock, 1989) and up lift ing move -
ments of salt-cored anticlines. In creased ac tiv ity of bot tom sea
cur rents could also have played an im por tant role in the pro cess 
(cf. Han cock, 1989; Rais et al., 2007). Hardgrounds mark the
bound aries be tween the iden ti fied in di vid ual cy cles and have
been re ported from (i) the Peribaltic Syneclise and
Mazury-Suwa³ki El e va tion, (ii) Szczecin Trough, (iii) P³ock
Trough, (iv) Lublin re gion and (v) Nida Trough (Krassowska,
1973; Marcinowski, 1974; Jaskowiak-Schoeneichowa., 1979,
1981; Jaskowiak-Schoenei chowa and Krassowska, 1983;
Krassowska, 1986; Wala szczyk, 1992; Olszewska- Nejbert,
2004). Hardgrounds are also ob served at the top of the
Cenomanian suc ces sion and in the lower Turonian of the north -
ern and north east ern mar gin of the Holy Cross Mts. (Cieœliñski, 
1959; Peryt, 1983; Walaszczyk, 1992). A prom i nent sed i men -
tary gap, lo cally rep re sented by a hardground is re ported from
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Fig. 2. Late Cre ta ceous sea level changes 



the up per Maastrichtian sec tion of the Vistula Gorge near
Pu³awy, WNW of Lublin (Machalski and Walaszczyk, 1987;
Peryt, 1988; Hansen et al., 1989; ¯arski et al., 1998).
Hardgrounds at the Maastrichtian/Danian bound ary are also
known from some bore holes in the Lublin re gion (Popiel,
1977; Krassowska, 1986). 

Cyclicity of the sed i men ta tion, iden ti fied in the Up per Cre -
ta ceous-Danian se quence, was con trolled by eustatic and tec -
tonic fac tors. The re la tion ship be tween the cyclicity and the
most com monly used curves of rel a tive sea level changes is il -
lus trated in Fig ure 2. The bound aries of the cy cles are rel a tively 
well-cor re lated with the troughs on the Han cock curve. How -
ever, there are also dis crep an cies be tween these curves and no
close re la tion ships with the cyclicity are vis i ble, which are the
re sult of lo cal/re gional tec ton ics (Figs. 2 and 4).

Pre vi ous struc tural and thick ness maps, pub lished and con -
tained in ar chived ma te ri als, were based on data from bore holes 
and re flec tion seis mic pro files (Dadlez, 1976, 1998; Marek,
1977, 1983; Jaskowiak-Schoeneichowa, 1979, 1981;
Krassowska, 1976; Jaskowiak-Schoe neichowa and Po¿aryski,
1979; Jaskowiak-Schoeneichowa and Krassowska, 1983;
Raczyñska, 1987; Grigelis and Leszczyñski, 1998;
Leszczyñski, 2002a). How ever, the re cently ob tained data
from new wells and the re pro cessed seis mic sec tions pro vide
ver i fi ca tion of the stra tig ra phy in some bore holes, up dat ing
those maps and giv ing pos si bil ity for proper in ter pre ta tions of
the ba sin evo lu tion (e.g., Dadlez, 2001; Krzywiec, 2000,
2002a, b, 2006; Wag ner et al., 2002). 
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Fig. 3. Up per Cre ta ceous strati graphic scheme

C. – Cremnoceramus, I. – Inoceramus, M. – Mytiloides, V. – Volviceramus



GEOLOGICAL DATA 
AND MAP CONSTRUCTION METHOD

The ma te ri als for con struct ing the maps are strati graphic
sec tions of bore holes and data on the rel e vant thick nesses and
depths to the base sur face col lected from ap prox i mately 1100 
bore holes (see lo ca tion map, Fig. 1), in clud ing data ob tained
from de tailed lith o logic pro fil ing in 780 wells. 

The fol low ing struc tural and thick ness maps are pro duced:
(1) base Up per Cre ta ceous con tour lines map (Fig. 5); (2) Up -
per Cre ta ceous (in clud ing Danian) thick ness map (Fig. 6); (3)
suc ces sion K3 (Cenomanian–lower Turonian, ex clud ing cy cle
K3-I) thick ness map (Fig. 7); (4) suc ces sion K4 (up per
Turonian–Danian) thick ness map (Fig. 8).

The Up per Cre ta ceous thick ness map re fers to the suc ces -
sion whose bound aries are de fined by the depth to the base Up -

per Cre ta ceous (i.e. Albian/Cenomanian bound ary) and to the
near base Ce no zoic (top of the Chalk Group = top Danian), as
pre sented in Doornenbal and Stevenson (2010). The Danian
suc ces sion, as it pre-dates the ul ti mate stage of the Mid-Pol ish
Trough in ver sion and is ge net i cally as so ci ated with the Late
Cre ta ceous ba sin evo lu tion, is in cluded in both the Up per Cre -
ta ceous and K4 thick ness maps. Com pared to the mid dle
Albian/up per Albian bound ary, the Albian/Cenomanian
bound ary is rel a tively well-de fined, based on fau nal ev i dence.
It is placed at the last oc cur rence of Neohibolites minimus
(Miller) and abun dant oc cur rence of Aucellina gryphaeoides
(Sowerby), which co in cides with the last oc cur rence of
foraminifers  Globorotalites polonica (Gawor-Biedowa),
Marginulina robusta (Reuss) and Pleurostomella reussi
(Berthelin) and the first oc cur rence of Arenobulimina
varsoviensis  (Gawor-Biedowa) and Tritaxia macfadyeni
(Cushman) (Jaskowiak-Schoeneichowa, 1981).
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Fig. 4. Late Cre ta ceous-Danian cyclicity and geo log i cal events in the Pol ish Low lands

1 – Grzêzno–Cz³opa–Szamotu³y Zone; 2 – Koszalin–Chojnice Zone



Struc tural and thick ness maps were con structed us ing a
num ber of subsurface map ping tech niques (Kotañski, 1971a,
1990). Over most of the study area, where the num ber of con -
trol points is fewer, in ter pre ta tive con tour ing (non-equi dis tant
in ter po la tion, equi dis tant in ter po la tion or com bined con tour -
ing) was ap plied. This was the pri mary tech nique used for the
map con struc tion. In ar eas with a greater num ber of con trol
points, “pure” geo met ric con tour ing was ap plied by di vid ing
in di vid ual dis tances be tween two points into equal sec tions,
based on the equi dis tant in ter po la tion method. This tech nique
was ap plied in a few cases. 

The struc tural map (Fig. 5) was con structed based on drill -
ing data (i.e. depth in each well to the base of the Up per Cre ta -
ceous) and in ter preted seis mic sec tions (¯elichowski, 1971).
Con tour lines were drawn af ter ana lys ing all avail able geo log i -
cal data from bore holes and geo phys i cal stud ies (re flec tion
seismics), and tak ing into ac count other data, such as re gional
tec tonic set ting, on the geo log i cal struc ture of in di vid ual ar eas.
Thus, the out lines of anticlines and syn clines were con toured
so that the struc tures were con sis tent with the re gional trends

and with the im age in ter preted from re flec tion seis mic sec tions. 
The out lines and con tours for in di vid ual struc tures in the struc -
tural and thick ness maps were sub se quently com pared, ver i -
fied, slightly mod i fied and cor rected in some ar eas ac cord ing to 
the im ages pro posed by B. Papiernik (in: Doornenbal and
Stevenson, 2010) and pro duced us ing the Z-map map ping soft -
ware. Nev er the less, most of the au thor’s own in ter pre ta tions
have been re tained. The base Up per Cre ta ceous struc tural map
can be con sid ered a map that im ages an equi-tem po ral sur face
(base of the Cenomanian).

The car to graphic im ages for the Ger many/Po land bor der -
land in the struc tural and thick ness maps were jointly pro duced
in as so ci a tion with Ger man ge ol o gists within the frame work of
the in ter na tional re search pro ject en ti tled “Pe tro leum Geo log i -
cal At las of the South ern Perm ian Ba sin Area” (Doornenbal
and Stevenson, 2010). 

A com bined tech nique was ap plied for the con struc tion of
thick ness maps, us ing a su per po si tion method (Kotañski,
1971b), di rectly from data ac quired from bore holes, and in ter -
preted seis mic sec tions. It should be noted, how ever, that the
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Fig. 5. Base Up per Cre ta ceous con tour lines map



thick nesses rep re sent ap par ent thick ness val ues (isochore
maps) cal cu lated in bore holes be tween the basal and top sur -
faces. Due to com monly low dips in the Cre ta ceous strata

(<10°) and the large map scale, it can be as sumed, there fore,
that the mapped thick nesses  more or less cor re spond to ac tual
thick ness val ues (isopach maps). The thick ness maps for suc -
ces sions K3 and K4 (as de fined in terms of the Cre ta ceous
cyclicity pro posed by Leszczyñski, 1997; Fig. 3) are con -
structed us ing data from 554 bore holes in which the po si tion of
the K3/K4 bound ary has been es tab lished rel a tively re li ably.
These maps il lus trate the post-in ver sion ge om e try of the ba sin
for the pre-in ver sion (Cenomanian–lower Turonian), and for
the syn-in ver sion suc ces sions (up per Turonian–Danian). Since 
all the maps are con structed with re spect to the stan dard lower
bound ary of the Up per Cre ta ceous se ries, cy cle K3-I (up per
Albian) is not in cluded in suc ces sion K3. Thus, suc ces sion K3
is un der stood here af ter as rep re sent ing only cy cles K3-II to
K3-IV (Fig. 3). The con tour line in ter vals on the maps are
drawn as fol lows: base of the Up per Cre ta ceous map and Up -
per Cre ta ceous (in clud ing Danian) thick ness map – ev ery 200

m; suc ces sion K3 map – ev ery 50 m; suc ces sion K4 (in clud ing
Danian) map – ev ery 200 m.

The lithofacies pat tern iden ti fied in the Late Cre ta ceous ba -
sin of the Pol ish Low lands is pre sented in seven maps cre ated
for eustatically and tec toni cally con trolled cy cles (see
Leszczyñski, 1997, 2002a). These cy cles and their as so ci ated
maps are pre sented in Fig ures 9 to 15. The lithofacies pat tern in
ar eas where Up per Cre ta ceous de pos its have been eroded  due
to in ver sion (Mid-Pol ish Swell, NE Fore-Sudetic Monocline)
is in ter preted based on re gional lithofacies pat tern and lo cal
tec ton ics. 

Pre vi ously pub lished lithofacies maps were con structed at
smaller scales (Jaskowiak-Schoeneichowa and Krassowska,
1988b; Krassowska, 1997). They were com piled from the orig -
i nal 1:500 000 scale maps avail able only as an ar chived re port
and were con structed for each Cre ta ceous stage (Jaskowiak-
 Schoeneichowa and Krassowska, 1988a). A fur ther mod i fi ca -
tion has been the use of qual i ta tive re con struc tions of gen er al -
ized lithofacies types (as so ci a tions) with the dom i nant
lithofacies com po nent and ac ces sory com po nents in di cated.
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Fig. 6. Up per Cre ta ceous (in clud ing Danian) thick ness map



Us ing this ap proach, an anal y sis of li thol ogy, mainly from
bore hole wire line-logs has been used in the con struc tion of
lithofacies maps. An ex am ple of a gen er al ized cor re la tion chart 
of the Up per Cre ta ceous-Danian suc ces sion for some bore -
holes is pre sented in Fig ure 16. Dur ing his many-year re search, 
the au thor ver i fied and re in ter preted the li thol ogy and stra tig ra -
phy of the Up per Cre ta ceous sec tions from a num ber of bore -
holes (e.g., Goœciejewo 2, Damas³awek 20). In par tic u lar, spe -
cial em pha sis has been placed on rec og niz ing hardgrounds,
sed i men tary breaks and any signs of cyclicity within the suc -
ces sion. As a re sult, pre vi ously in cor rect cor re la tions be tween
cor re spond ing lithological com plexes have been cor rected.
De tailed anal y sis of avail able bore hole data en abled rec og niz -
ing transgressive and re gres sive events us ing hardgrounds,
nod u lar phos phates, gaps etc., and es tab lish ing the strati -
graphic po si tion of each event. 

In re con struct ing the lithofacies pat terns, a qual i ta tive ap -
proach has been ap plied, show ing the dom i nant lithological

com po nent (un der lined) ac com pa nied by sub or di nate ones. In
car bon ate-dom i nated se quences, the tran si tions be tween in di -

vid ual rock types are of ten grad ual, e.g.: chalk ® marly chalk

® chalk-like lime stone ® lime stone ® marly lime stone ®

marl ® opoka (si li ceous car bon ates) ® gaize (car bon ate-si li -
ceous rock of sed i men tary or i gin, fine grained and po rous due
to con tent of sponge spicules). Such grad ual tran si tions make it
dif fi cult to pro vide quan ti ta tive il lus tra tions of lithofacies
types. In or der to main tain a clear pic ture of the lithofacies pat -
tern in the maps, each lithofacies area con sists of up to three
lithofacies types. The per cent age con tri bu tion of each
lithofacies type is com monly at least 25%, al though there are
some de vi a tions from the rule if a spe cific lithofacies type
needs spe cial em pha sis. The term “lithofacies” is a de scrip tive
one, un der stood as an as so ci a tion of rock types show ing re lated 
lithological fea tures. 

Nine lithofacies types associations, cor re spond ing to spe -
cific sed i men tary en vi ron ments and depositional sys tems, are
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Fig. 7. Suc ces sion K3 (Cenomanian–lower Turonian, ex clud ing cy cle K3-I) thick ness map

For ex pla na tions see Fig ure 6



pro posed for the Up per Cre ta ceous suc ces sion of the Pol ish
Low lands (the dom i nant lithological com po nents are in bold):

1. Chalk lithofacies – chalk/marly chalk, lo cal chalk-like
lime stone and pelitic lime stone (open-ma rine pe lagic zone,
car bon ate shelf); 

2. Car bon ate (lime stone) lithofacies – pelitic lime -
stone/organogenic lime stone/marly lime stone, lo cal marl,
and chalk-like lime stone (open-ma rine pe lagic zone, car bon ate
shelf);

3. Marly lithofacies – marl, lo cal marly lime stone, opoka
interbeds (open-ma rine pe lagic zone, car bon ate (marly) shelf);

4. Car bon ate-si li ceous lithofacies – opoka (si li ceous car -
bon ates), lo cal gaize, sub sid iary marl (open-ma rine pe lagic
zone, car bon ate-si li ceous shelf);

5. Clay-marly lithofacies – marly claystone, clayey marl
(siliciclastic-car bon ate shelf);

6. Muddy (silty)-marly lithofacies – marly mudstone
(siltstone), silty (muddy) marl (siliciclastic-car bon ate shelf);

7. Muddy-sand y-marly lithofacies – sandy-marly
mudstone (siltstone), muddy (silty)-sandy marl, sandy-marly
lime stone, sandy marl, sandy gaize interbeds (siliciclastic-car -
bon ate shelf);

8. Sand stone lithofacies – sand stone/marly sand stone, mud -
stone (siltstone)/marly mudstone interbeds (siliciclastic shelf); 

9. Sandy car bon ate lithofacies – sandy lime stone, lo cal
sandy marl and sandy gaize (siliciclastic-car bon ate shelf).

In to tal, 54 sin gle-type and mixed-type lithofacies
(lithofacies as so ci a tion) ar eas have been pre sented in the maps
(see leg end in Fig. 9). Chalk lithofacies, as a very dis tinc tive
rock type of the Late Cre ta ceous ba sin, has been sin gled out
from car bon ates as a sep a rate lithofacies. A car bon ate-sandy
lithofacies has been dis tin guished as a char ac ter is tic fa cies type
rep re sented by tran si tional rocks from lime stones to sand -
stones: sandy lime stones and cal car e ous sand stones, es pe cially
wide spread in the Maastrichtian. The so-called muddy-sandy-
 marly lithofacies rep re sented by sandy-marly mudstones and
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Fig. 8. Suc ces sion K4 (up per Turonian–Danian) thick ness
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siltstones with sandy to silty marl, and sandy lime stone, marl
and gaize interbeds is also rec og nized. The Up per Cre ta ceous
and Danian sand stones usu ally con tain cal cium car bon ate. 

Marl is an im por tant con stit u ent pre dom i nantly in ar eas
dom i nated by car bon ate and car bon ate-si li ceous lithofacies (2
and 3). Marls oc cur as interbeds, nor mally ac count ing for less
than 25% of the to tal thick ness.

The lithofacies pat tern of the Maastrichtian (lo cally also of
the Campanian and older stages) is in com plete due to post-Cre -
ta ceous ero sion. How ever, the lithofacies zones dis played on
the Maastrichtian map are ex tended by in ter pret ing the miss ing
part of the sec tion. As a re sult, the ac tual lithofacies pic ture may 
dif fer from the ver sion pre sented. In the lithofacies maps, the
in ter pre ta tion for ar eas of com plete or par tial ero sion (Mid-Pol -
ish Swell) is based on palaeo geo graphi cal and tec tonic mod els
and pos si ble sce nar ios for lithofacies de vel op ment. 

MAIN FEATURES 
OF THE INTERNAL GEOMETRY

The gen eral fea tures and trends vis i ble in the base Up per
Cre ta ceous con tour lines map (Fig. 5) and in the Up per Cre ta -
ceous (in clud ing Danian) thick ness map (Fig. 6) are sim i lar to
those pre sented in the pre vi ous ver sions of struc tural and thick -
ness maps con structed for in di vid ual re gions. How ever, a num -
ber of spe cific dif fer ences, clar i fi ca tions and up dates have been 
made in many ar eas where new bore holes have been drilled
and good-qual ity seis mic sec tions have been ac quired. Hence,
there are some mod i fi ca tions in the pic ture  of the num ber of
synclinal and an ti cli nal struc tures.

The great est depth to the base of the Up per Cre ta ceous is in
the Kujavian seg ment of the Mid-Pol ish Trough. These zones
are also ar eas of the great est thick ness of Up per Cre ta ceous de -
pos its. In the Mogilno and Szczecin troughs, the basal Up per
Cre ta ceous sur face shows the most var ied struc tural re lief and
the thick nesses dis play con sid er able vari abil ity and steeper
gra di ents. 

A way of in ves ti gat ing sed i men ta tion rates in re la tion to
struc ture is to com pare the ra tio of the max i mum thick nesses of
suc ces sions K3 and K4 from the area sit u ated to the SW of the
pres ent-day Mid-Pol ish Swell to the max i mum thick nesses of
these suc ces sions from the area lo cated to the NE of it (cal cu -
lated in di vid u ally for the Pom er a nian and Kujavian seg ments).
The max i mum thick ness ra tio cal cu lated for suc ces sion K3 is
ap prox i mately 1.75 (350/200 metres) in the Kujavian seg ment,
and ap prox i mately 1.25 (250/200 metres) in the Pom er a nian
seg ment, whereas the max i mum thick ness ra tio cal cu lated for
suc ces sion K4 is ap prox i mately 2.25 (2700/1200 metres) in the
Kujavian seg ment, and ap prox i mately 1.9 (1700/900 metres) in
the Pom er a nian seg ment. If suc ces sion K3 is con sid ered as in -
clud ing cy cle K3-I (up per Albian), then the val ues are about 1.85 
and 1.35. In the case of K4, the vol ume of eroded Maastrichtian
de pos its should be taken into ac count, but then the ra tio would
be slightly higher be cause the quan tity of sed i ments re moved
from the SW area was prob a bly greater.

The ra tio of the max i mum thick nesses of suc ces sions K3
and K4 from the area sit u ated to the SW of the pres ent-day

Mid-Pol ish Swell to the max i mum thick nesses of these suc ces -
sions from the area lo cated to the NE of it was cal cu lated sep a -
rately for the Pom er a nian and Kujavian seg ments. The cal cu -
lated val ues are greater for suc ces sion K4 by a fac tor of ~1.28
and ~1.52, re spec tively for the Kujavian and Pom er a nian seg -
ments. If suc ces sion K3 is con sid ered as in clud ing cy cle K3-I
(up per Albian), then the val ues are slightly lower: ~1.22 and
~1.41. The thick ness ra tios be tween an ti cli nal and synclinal
zones are also clearly higher for suc ces sion K4 than for suc ces -
sion K3. This in di cates a greater dif fer ence in sub si dence rate
be tween the ar eas ex tend ing on the two sides of the pres ent-day 
Mid-Pol ish Swell dur ing de po si tion of suc ces sion K4 than dur -
ing de po si tion of suc ces sion K3, with a much higher sub si -
dence in the SW area dur ing de po si tion of suc ces sion K4.

In the area lo cated to the NE of the Mid-Pol ish Swell, suc -
ces sion K4 is also thicker in the Kujavian and Lublin seg ments
(over 1000 m) than in the Pom er a nian seg ment (over 800 m in
the Lower Vistula re gion and over 600 m, south of Koszalin in
the Pom er a nian Trough). Suc ces sion K3 at tains the great est
thick ness in the Pom er a nian and Kujavian seg ments (ap prox i -
mately 200 m), whereas in the Lublin re gion the val ues are
lower (around 100 m). These thick nesses show that the zone of
max i mum sub si dence mi grated SE-wards in the Late Cre ta -
ceous from the Pom er a nian and Kujavian seg ments to wards the 
Kujavian and Lublin seg ments.

REMARKS ON BASIN SUBSIDENCE
AND BATHYMETRY

The Cenomanian sea level rise caused the deep en ing of seas
and basinwide de vel op ment of car bon ate sed i men ta tion (in clud -
ing chalk de po si tion) in most of the Eu ro pean bas ins (Han cock
and Kauffman, 1979; Haq et al., 1988; Han cock, 1989). It has
been com monly as sumed that the depth at which the Late Cre ta -
ceous pe lagic car bon ate se quences were de pos ited var ied from
100 to 500 m (Re search on Cre ta ceous Cy cles (R.O.C.C.)
Group, 1986; Mortimore et al., 2001), al though greater val ues
were also sug gested (Han cock and Kauffman, 1979; Tucker and
Wright, 1990). As sum ing both a high stand of sea level for the
Late Cre ta ceous pe riod (Han cock and Kauffman, 1979; Ziegler,
1982; Haq et al., 1988; Han cock, 1989) and a max i mum depth of 
the Cenomanian sea in the Mid-Pol ish Trough at over 100 m, the
cal cu lated tec tonic sub si dence rate ap pears to be still low
(<30 m/Ma). This was only slightly dif fer ent from that ob served
dur ing Early Cre ta ceous times, where the tec tonic sub si dence
rate was up to ap prox i mately 30 m/Ma (Dadlez et al., 1995,
1998; Leszczyñski, 2002a). The Turonian sea was prob a bly
deeper (200–400 m) and the Turonian- Coniacian tec tonic sub si -
dence rate abruptly in creased to over 200 m/Ma (Leszczyñski,
2002a), how ever, not reach ing val ues as high as dur ing the ear -
lier his tory of the Mid-Pol ish Trough (Dadlez et al., 1995, 1998;
Stephenson et al., 2003). Salt move ments that in ten si fied from
the late Turonian-Coniacian on wards re sulted in the for ma tion of 
deeper and shal lower zones within the ba sin (Cieœliñski and
Jaskowiak, 1973). 

The ba sin depth var ied from zone to zone, con trolled by lo -
cal tec tonic set ting. The sea was deeper in synclinal ar eas (salt
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with drawal) and shal lower (above the wave base) over ris ing
an ti cli nal crests even with lo cal emer gence above sea level
(rap idly ris ing salt stocks).

Based on sponge in ves ti ga tions, Œwierczewska-G³adysz
(2006) in ter preted the max i mum depth of the late Campanian
ba sin in the Mid dle Vistula re gion at 200–250 m, and the min i -
mum depth of the lat est Maastrichtian ba sin (si li ceous marl fa -
cies) at about 100 m.

Macrofaunal re search led Abdel-Gawad (1986) to the con -
clu sion that si li ceous marl of the Pu³awy re gion was de pos ited
in a pe lagic en vi ron ment at a depth be tween 100 and 150 m.

Chalk sed i men ta tion in East ern Po land took place in a rel a -
tively shal low ma rine en vi ron ment, but be low storm
wave-base. Siliciclastic de pos its were ac cu mu lated in shal low
shelf mar ginal zones of the ba sin.

PROBLEM OF TECTONIC INVERSION 
OF THE MID-POLISH TROUGH

The mech a nism and tim ing of tec tonic in ver sion of the
Mid-Pol ish Trough is still dis puted. Some au thors claim that
the main phases of in ver sion oc curred af ter the Cre ta ceous and
its ear li est signs should be dated at the Maastrichtian (e.g.,
Kutek and G³azek, 1972; Œwidrowska and Hakenberg, 1999;
Œwidrowska, 2007). The other con cept as sumes that the in ver -
sion was a multi-phase pro cess trig gered dur ing the (?)lat est
Turonian–Coniacian (Dadlez, 1976, 1980; Dadlez et al., 1997;
Jaskowiak-Schoeneichowa, 1981; Krassowska, 1997; Dadlez
and Marek, 1997; Leszczyñski, 1997, 2000; Leszczyñski and
Dadlez, 1999; Krzywiec, 2000, 2002a, b, 2006; Resak et al.,
2008; Krzywiec et al., 2009). Anal y sis of seis mic data sug gests 
the fol low ing gen eral in ver sion phases: late
Turonian–Coniacian, late Santonian–Campanian and late
Maastrichtian–Paleo cene (Krzywiec, 2006). 

In ver sion pro cesses trig gered re ac ti va tion of pre-ex ist ing
synsedimentary faults as re verse faults (see Œwidrowska and
Hakenberg, 1999) of ten ac com pa nied by spec tac u lar salt
struc tures in the form of salt stocks and walls (e.g.,
Damas³awek and K³odawa salt diapirs). In ten sity of
halotectonic de for ma tion in the area pres ently de void of Up -
per Cre ta ceous de pos its (Pom er a nian and Kujavian swells)
in creases from NW to SE (Dadlez, 1980). The most prom i -
nent salt bulges (pil lows) are ob served within the Pr¹dy,
Szubin, Ciechocinek and Je¿ów struc tures lo cated in the cen -
tral and NE parts of the Mid-Pol ish Swell (see Dadlez, 2001).
How ever, there is no ev i dence that the struc tures were sources 
of clastic ma te rial trans ported to the nearby basinal zones
(P³ock and Pomerania troughs). The in ver sion pro cess was
es pe cially in tense along the SW mar gin of the pres ent-day
Mid-Pol ish Swell (Fig. 1, units 8 and 9), re sult ing in up lift
move ments along the ar eas ad join ing the then-form ing
Szczecin, Mogilno and Uniejów troughs. The troughs were
the ar eas of higher sub si dence rate giv ing rise to con sid er able
thick nesses of Santonian-Campanian de pos its in synclinal

zones. Both salt-cored and non-salt an ti cli nal zones were sub -
jected to in ver sion. The most spec tac u lar ex am ple of a
non-salt in verted struc ture is the Koszalin–Chojnice Zone
where mid-Late Cre ta ceous strati graphic gaps have been
proven (Jaskowiak-Schoeneichowa, 1976; Dadlez, 2001;
Leszczyñski, 2002b). Re la tions be tween these strati graphic
gaps and the cy cles and the po si tion of hardgrounds in NW
and NE Po land are shown in Fig ure 4. Tec tonic ac tiv ity is ob -
served es pe cially within the Mid-Pol ish Trough. Anal y ses of
the strings of tec tonic zones of Grzêzno-Cz³opa-Szamotu³y
(NW of Poznañ, at the bound ary of the Szczecin and Mogilno
troughs), Damas³awek-Mogilno, Gop³o and K³odawa (Cen -
tral Po land), sup ported by ex am i na tion of the fa cies pat tern
around them and along the slope of the pres ent-day Mid-Pol -
ish Swell, in di cate tec tonic ac tiv ity first de vel op ing mark edly  
in the north-west (in the Turonian) and then mov ing to wards
the south-east (K³odawa – in the Santonian). 

In ter pre ta tion of re flec tion seis mic data from the NE mar -
ginal fault zone (Nowe Miasto–Zawichost) of the Holy Cross
seg ment of the Mid-Pol ish Trough also in di cates in ver sion of
this sec tor al ready hap pen ing in the late Turonian (Dadlez et
al., 1995; Gutowski et al., 2003; Krzywiec et al., 2009).

Seis mic re flec tion fa cies in ter preted as “de bris flows” orig i -
nat ing from the crests of ris ing an ti cli nal axes were also re -
ported from the Dan ish Ba sin (Liboriusen et al., 1987). The up -
lift started there dur ing the Coniacian and rap idly ac cel er ated
dur ing Santonian-Campanian times. Lo cal in flux of clastics
(sand) in the Born holm area in di cates that the an ti cli nal crests
were ex posed to the sea level, form ing elon gated zones dur ing
the lat est Cre ta ceous–ear li est Paleogene (Surlyk, 1980). Worth
men tion ing are also quartzose sands of the Lund Sand stone in
Scania, de scribed by ErlstrØm (1990).

Palaeogeographic re con struc tions and ba sin mod el ling sug -
gest that in ver sion pro cesses re sulted in a re moval of some 1 to
over 2 km of Up per Cre ta ceous de pos its from the Mid-Pol ish
Swell, and the base of Zechstein was el e vated even by 4 km in
the Kujavian seg ment (Dadlez et al., 1997; Dadlez, 2001; Wag -
ner et al., 2002; Resak et al., 2008). Deeply rooted fault sys -
tems, e.g., the Koszalin-Chojnice, Drawno-Cz³opa- Szamotu³y
and Gop³o–Ponêtów–Wartkowice zones, were ac tive dur ing
the sed i men ta tion and played a sig nif i cant role in the lithofacies 
dis tri bu tion (Dadlez and Marek, 1974; Jaskowiak-
 Schoeneichowa, 1976; Leszczyñski, 2002a, b). The Late Cre -
ta ceous sed i men ta tion was also con trolled by the faults re -
corded within the base ment in SE Po land (Hakenberg and
Œwidrowska, 1998; Œwidrowska, 2007). An other fac tor con -
trol ling the fa cies dis tri bu tion pat tern was the pro cess of with -
drawal of Zechstein salt from synclinal ar eas, ac tive through out 
the Cre ta ceous but in ten si fied from the Coniacian on wards
(Cieœliñski and Jaskowiak, 1973; Leszczyñski, 2000).

The Late Cre ta ceous-early Paleogene struc tural in ver sion
of the Mid-Pol ish Trough is widely dis cussed in re cent pa pers
by Mazur et al. (2005), Krzywiec (2006), Resak et al. (2008)
and Krzywiec et al. (2009).
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LITHOFACIES DEVELOPMENT

CYCLES K3-II–K3-III 
(EARLY CENOMANIAN–EARLY LATE CENOMANIAN)

(FIG. 9)

Over much of the Pol ish Low lands, es pe cially in N, NE
and E Po land, the early Cenomanian sed i men ta tion (mostly
glauco nitic sand stones with phos phatic ho ri zons) oc curred on 
a shal low siliciclastic and siliciclastic-car bon ate (sandy-car -
bon ate) shelf. Phos phatic ho ri zons and lo cal hardgrounds are
re ported from the Lublin re gion (e.g., Krassowska, 1981,
1986), Pome rania (Jaskowiak-Schoeneichowa, 1976), north -
ern Nida Trough and Holy Cross Mts. mar gin (Cieœliñski,
1976; Hakenberg and Œwidrowska, 1998). As the ma rine
trans gres sion con tin ued, the fa cies changed to open ma rine
marls and car bon ates rep re sented mostly by organogenic and
pelitic lime stones. 

In the £eba El e va tion, Peribaltic Syneclise and Mazury
El e va tion, marly, muddy-marly and clay-marly lithofacies
grade into muddy-sandy-marly and sandy lithofacies with
pre dom i nant sand stones and lo cal wackes and arkosic
wackes. Clastic ma te rial is most likely to have been de rived
from land ar eas of the Bal tic Shield. The chalk lithofacies is
ob served only in the Wolin Is land re gion, NW Po land. Suc -
ces sion K3-II–K3-III rep re sents a gen eral trend of con tin u -
ously deep en ing sed i men tary ba sin from shal low shelf
siliciclastic and siliciclastic-car bon ate de po si tion to open-ma -
rine car bon ate shelf de po si tion.

CYCLE K3-IV (LATEST CENOMANIAN–EARLY TURONIAN)
(FIG. 10)

Suc ces sion K3-IV is char ac ter ized by re treat of siliciclastic
lithofacies from north east ern Po land (Fig. 10), be ing re placed
by car bon ate and chalk fa cies. Car bon ate-si li ceous lithofacies
(opokas) is widely de vel oped, mainly in the Szczecin and
Mogilno troughs along the slope of the pres ent-day Mid-Pol ish
Swell, and in the P³ock Trough. In the north east ern part of the
Szczecin Trough and in the Pom er a nian Trough, clay-marly
and muddy-marly sed i men ta tion pre vailed. Muddy-marly and
muddy-sandy-marly lithofacies are dom i nant to wards the NE
(£eba El e va tion and Peribaltic Syneclise) with a higher pro por -
tion of sand and sandy-glauconitic fa cies (Jaskowiak-
 Schoeneichowa, 1976). Sand stone lithofacies with glauconite
are ob served in the Peribaltic Syneclise (Gulf of Gdañsk)
(Jaskowiak-Schoeneichowa, 1976). To the NE of Olsztyn,
there is a small non-de po si tion area, prob a bly an is land sur -
rounded with siliciclastic de po si tion, pre dom i nantly sand -
stones and fine-grained siliciclastics. In that re gion, this very
thin cy cle is capped by a hardground (e.g., Bartoszyce IG 1,
Kêtrzyn IG 2). Lo cal in flux of clastic ma te rial (clay-marly and
muddy-marly lithofacies) is ob served in the Szczecin Trough
(prob a bly re lated to halotectonic ac tiv ity of the
Grzêzno– Cz³opa Zone).

Car bon ate sed i men ta tion of organogenic and pelitic lime -
stones oc curs in the Gorzów Block and along the mar gin of the
Fore-Sudetic Monocline (Jaskowiak-Schoeneichowa, 1979,

1981). Car bon ates also pre dom i nate in the Mogilno-Uniejów
Trough as far as the Nida Trough (Mrozek, 1975; Hakenberg,
1978, 1986). In the Mogilno and Uniejów troughs, they are ac -
com pa nied by marly lithofacies (Jaskowiak-Schoeneichowa,
1972, 1977; Leszczyñski, 2002a). The area ex tend ing from the
Olsztyn re gion to wards the S and SE (across cen tral Mazowsze
and the Lublin re gion) is again a wide belt of dom i nantly
open-ma rine car bon ates rep re sented mostly by organogenic
and pelitic lime stones. Car bon ate-si li ceous lithofacies (opoka)
are more com mon in the Lublin Trough close to the slope of the 
pres ent-day Mid-Pol ish Swell. 

East ern and north east ern Podlasie and the east ern Lublin
re gion (along the east bor der of Po land) are the ar eas of calm
pe lagic sed i men ta tion of chalk and chalk-like lime stones
(Krassowska, 1976, 1997). Over a large area of the Szczecin,
Mogilno and Uniejów troughs, close to the slope of the pres -
ent-day Mid-Pol ish Swell, thin black shale lay ers are ob served
within a mudrock se ries at the Cenomanian/Turonian bound ary 
(Jaskowiak-Schoeneichowa, 1972, 1977, 1987; Leszczyñski,
2002a). These rocks show fea tures of a de posit ac cu mu lated in
a pref er en tially ox y gen-de pleted zone of the ba sin, and may be
cor re la tive with the so-called Oce anic Anoxic Event 2 also
called the Bonarelli Event (e.g., Schlanger and Jenkyns, 1976;
Jenkyns, 1980; Ar thur et al., 1987). Sim i lar de pos its have been
re ported from the Lower Sax ony Ba sin, Ger many (Hilbrecht
and Dahmer, 1994) and from many bas ins world wide. A pos si -
ble cause of the event was strong mag matic ac tiv ity and
sub-oce anic vol ca nism (Kump et al., 2005; Turgeon and
Creaser, 2008). It re sulted in an abrupt rise in tem per a ture, in -
duced by rapid in flux of CO2 into the at mo sphere from
volcanogenic and/or methanogenic sources, fol lowed by in -
crease in or ganic pro duc tiv ity. The con sump tion of the newly
abun dant or ganic life by aer o bic bac te ria pro duced an oxia that
could be the rea son for ex tinc tion of many spe cies (Schlanger
and Jenkyns, 1976; Kerr, 1998). The de pos its show el e vated

TOC and d13C val ues, and en rich ment of trace el e ments (e.g.,
Brumsack, 1986; Schlanger et al., 1987; Peryt et al., 1994;
Jones and Jenkyns, 2001).

CYCLE K4-I (LATE TURONIAN–CONIACIAN)
(FIG. 11)

Car bon ate-si li ceous lithofacies (var i ous types of opokas –
see Jaskowiak-Schoeneichowa, 1981) are very com mon in cy -
cle K4-I, cov er ing large ar eas (Fig. 11), in clud ing the Szczecin,
Mogilno and Uniejów troughs, as well as the Lower Vistula re -
gion. South-west of the car bon ate-si li ceous zone, marly and
car bon ate lithofacies oc cur in the Gorzów Block and along the
Pol ish/Ger man bor der (Jaskowiak-Schoeneichowa, 1979).
Close to the SW slope of the pres ent-day Mid-Pol ish Swell,
siliciclastic fa cies are lo cally found in the Mogilno and
Uniejów troughs, as a re sponse to the ris ing crests of salt-cored
anticlines (Jaskowiak-Schoeneichowa, 1972, 1977, 1987). 

On both sides of the Pom er a nian Swell (in the Pom er a nian
and Szczecin troughs), there is an area of car bon ate-si li ceous
de po si tion (silty opoka; Jaskowiak-Schoeneichowa, 1976). It
may im ply that sim i lar fa cies ex tended also be tween these two
ar eas. In the Koszalin–Chojnice Zone, the li thol ogy changes to
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Fig. 9. Cy cle K3-II–K3-III (early Cenomanian–early late Cenomanian) lithofacies



muddy-marly lithofacies that ex tend as far eastwards as the
Vistula La goon (Leszczyñski, 2002b). The up per part of the
suc ces sion in this re gion (prob a bly cor re spond ing to the
Coniacian) is com posed of car bon ate-si li ceous lithofacies. In
the south-east of the Pom er a nian Trough, the up per Turonian is 
rep re sented by muddy-sandy-marly lithofacies, whereas the in -
ferred Coniacian in ter val is com posed of opokas. 

Muddy-sandy-marly and sandstone lithofacies pre dom i -
nate in the £eba El e va tion and in the NW part of the Peribaltic
Syneclise. Car bon ate and chalk lithofacies ex tend from the
Olsztyn re gion to the east bor der of Po land. The non-de po si tion 
or is land area lo cated NE of Olsztyn no lon ger ex isted. In stead,
there is a sed i men tary gap re lated prob a bly to an ex ten sive cur -
rent-dom i nated sub ma rine shal lows, ex tend ing in the Peribaltic 
Syneclise from the Lower Vistula re gion to wards the NE
(Jaskowiak-Schoeneichowa and Krassowska, 1988b; Dadlez
et al., 1998). Strati graphic gaps are also ob served on salt-cored
anticline crests of the Szczecin and Mogilno troughs (Jasko -
wiak, 1961; Jaskowiak-Schoeneichowa, 1972, 1981) and non-

 salt struc tures of the Pom er a nian Trough (Jaskowiak-
 Schoeneichowa, 1976; Leszczyñski, 2002b).

In ter pre ta tion of re flec tion seis mic pro files along fault
zones bound ing the Mid-Pol ish Trough and along the pres -
ent-day slope of the Mid-Pol ish Swell sug gests that the late
Turonian–Coniacian is the pe riod when ini tial pro cesses of
tec tonic in ver sion of the Mid-Pol ish Trough are first well-de -
vel oped (Krzywiec, 2000, 2002a, b, 2006; Gutowski et al.,
2003; Krzywiec et al., 2009). In ver sion ac tiv ity re sulted in re -
duced sub si dence in the ax ial zone and, there fore, in smaller
thick nesses of the depositional suc ces sion in this area. 

CYCLE K4-II (SANTONIAN–EARLIEST CAMPANIAN)
(FIG. 12)

Cy cle K4-II is dom i nated by car bon ate-si li ceous lithofacies 
be ing prev a lent in the Mogilno and Uniejów troughs; how ever,
marly lithofacies are lo cally sig nif i cant in these ar eas. Car bon -
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Fig. 10. Cy cle K3-IV (lat est Cenomanian–early Turonian) lithofacies

For ex pla na tions see Fig ure 9



ate-siliciclastic and siliciclastic lithofacies, rep re sented by
marly mudstones, siltstones and sandy marls, are found in the
Szczecin, Mogilno and Uniejów troughs along the pres ent-day
Mid-Pol ish Swell slope, es pe cially in the Pom er a nian sec tor.
Sand stone se ries, in ter preted as grav ity flow de pos its form ing
sub ma rine fan-type bod ies (Fig. 16) within open-ma rine car -
bon ate-si li ceous de pos its typ i cal of a deeper ma rine en vi ron -
ment, are known from near the ris ing Damas³awek, Mogilno
and K³odawa salt struc tures (Jaskowiak-Schoeneichowa,
1977; Leszczyñski, 2000, 2002a). Sim i lar sub ma rine
slides/fans are also ob served on seis mic pro files within the
Campanian- Maastrichtian suc ces sion in the Nowe
Miasto-Zawichost Fault Zone (Krzywiec et al., 2009).

In the Gorzów Block, car bon ate-si li ceous lithofacies is
grad u ally re placed to wards the SW by marly and car bon ate
lithofacies ac com pa nied oc ca sion ally by chalk-like lime stones
(Oœno re gion – Jaskowiak-Schoeneichowa, 1979, 1981). 

Siliciclastic lithofacies in the Szczecin Trough (along the
SW slope of the pres ent-day Mid-Pol ish Swell) are sep a rated

from the siliciclastic area of the £eba El e va tion by a belt of car -
bon ate-siliciclastic lithofacies in the Pom er a nian Trough. A
sim i lar sit u a tion is ob served in the Campanian and sug gests dif -
fer ent sources of clastic ma te rial to these ar eas.

Car bon ate-si li ceous lithofacies ex tend northeastwards to oc -
cupy most of the P³ock Trough and ex tend along the SW mar gin
of the Lublin Trough. To wards the NE, in the P³ock and Lublin
troughs, car bon ate-si li ceous and car bon ate lithofacies are re -
placed by car bon ate and marly lithofacies. East ern and north -
east ern Po land is oc cu pied by chalk lithofacies (Krassowska,
1976, 1986). A large non-depositional area is pres ent east of
Olsztyn (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Dadlez et al., 1998). The non-depositional area that ear lier ex -
isted south of the Vistula La goon, is no lon ger pres ent. 

Sed i men tary or ero sional gaps are re corded from salt-cored
anticlines of the Szczecin and Mogilno troughs (Jaskowiak,
1961; Jaskowiak- Schoeneichowa, 1977, 1981; Leszczyñski,
2002b), and from the Koszalin– Chojnice Zone (Jaskowiak-
 Schoeneichowa, 1976; Leszczy ñski, 2002b).
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Fig. 11. Cy cle K4-I (late Turonian–Coniacian) lithofacies

For ex pla na tions see Fig ure 9



CYCLE K4-III 
(LATE EARLY CAMPANIAN–EARLIEST MAASTRICHTIAN)

(FIG. 13)

The gen eral lithofacies dis tri bu tion pat tern is roughly sim i lar
to that of the pre vi ous cy cle (Fig. 9). The char ac ter is tic fea ture is
a higher pro por tion of car bon ates at the ex pense of car bon ate-si -
li ceous rocks, and a smaller ex tent of siliciclastic fa cies in north -
ern Pom er a nian Trough and west ern Peribaltic Syneclise, where
car bon ate-si li ceous and lo cally marl (Bytów IG 1) lithofacies
pre dom i nate, and in the £eba El e va tion. Chalk lithofacies, ac -
com pa nied by lime stones, oc cur in the Gorzów Block and in the
SW part of the Szczecin Trough. From SW to NE, the lithofacies 
zonation is from chalk through car bon ate (lo cally marly), to car -
bon ate-si li ceous lithofacies and muddy- sandy-marly lithofacies
close to the pres ent-day Mid-Pol ish Swell. This is con sid ered to
be a wide belt of car bon ate-si li ceous lithofacies that stretched
along the Mid-Pol ish Trough from the Bal tic coast to the SW
flank of the Lublin Trough. This lithofacies is also prev a lent in

the Mogilno (ac com pa nied by marly lithofacies) and Uniejów
(along with car bon ates) troughs. Marly and car bon ate-si li ceous
lithofacies pre dom i nate in the tran si tional area be tween the
Uniejów and Nida troughs (Hakenberg and Œwidrowska, 1998).
Car bon ate lithofacies also ex tends from Olsztyn through
Mazowsze to the Lublin and Roztocze re gions. An ex ten sive
chalk area oc cu pies East ern Po land. Car bon ate-si li ceous
lithofacies of the Pom er a nian Trough (Jaskowiak- Schoenei -
chowa, 1976) grade northeastwards to sand stone lithofacies of
the £eba El e va tion and Peribaltic Syneclise.

The very im por tant lithological com po nents of suc ces sion
K4-III are gaizes and cal car e ous and sandy gaizes pres ent, in
par tic u lar, in North ern Po land. Sand stone se ries oc cur lo cally
in some zones within the Mid-Pol ish Trough along the SW
slope of the pres ent-day Mid-Pol ish Swell, in the Mogilno
Trough and near the K³odawa salt diapir (Jaskowiak-
 Schoeneichowa, 1977, 1981; Leszczyñski, 2000, 2002a). 

The area of max i mum sub si dence ex tended in the pres -
ent-day Szczecin, Mogilno and Uniejów troughs (over 800 m
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Fig. 12. Cy cle K4-II  (Santonian–ear li est Campanian) lithofacies

For ex pla na tions see Fig ure 9



of cy cle K-III). The non-depositional area of NE Po land, al -
ready ob served in the pre vi ous pe ri ods, shrank slightly and
moved to wards the south (Jaskowiak-Schoeneichowa and
Krassowska, 1988b; Dadlez et al., 1998). Lo cal sed i men tary
gaps are ob served in the Koszalin–Chojnice Zone (Jaskowiak-
 Schoeneichowa, 1976; Leszczyñski, 2002b).

CYCLES K4-IV–K4-V
(LATE EARLY MAASTRICHTIAN– LATE MAASTRICHTIAN)

(FIG. 14)

The K4-IV–K4-V de pos its oc cupy a smaller area than the
pre vi ous cy cles due to post-Cre ta ceous ero sion. This cy cle pri -
mar ily re lates to the late Maastrichtian which has been pre served
mainly in the syn clines, and to the area lo cated SW of the pres -
ent-day Mid-Pol ish Swell. The Maastrichtian has greater vari -
abil ity in lithofacies, both in the ver ti cal sec tion and across the
ba sin, due to os cil la tory sea level changes man i fested by re -

peated transgressive and re gres sive events (Jaskowiak-
 Schoeneichowa and Krassowska, 1988b). Car bon ate-sandy and
siliciclastic lithofacies oc cur in par tic u lar in the Pom er a nian sec -
tor. Gaizes are very com mon, es pe cially in north east ern Po land.
Com pared to the Campanian, chalk litho facies in West ern Po -
land oc cupy a slightly larger area. To wards the NE, chalk
quickly grades lat er ally through car bon ates into siliciclastics.
From SW to NE, the dis tri bu tion pat tern in cludes chalk, car bon -
ate, marly, car bon ate-si li ceous, car bon ate-siliciclastic, car bon -
ate-sandy and muddy-sandy-marly lithofacies.

Car bon ate-si li ceous (opoka) lithofacies oc cur pre dom i -
nantly in the Mogilno and Uniejów troughs. Sandstone and car -
bon ate-sandy lithofacies play an im por tant role in these ar eas
close to the pres ent-day Mid-Pol ish Swell.

In the Pom er a nian Trough, cal car e ous sand stones, car bon -
ates and sandy marls with gaize interbeds ac count for a sig nif i -
cant pro por tion of the sec tion. Car bon ate-si li ceous lithofacies
(opoka) oc curs in its north west ern and south east ern parts and
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Fig. 13. Cy cle K4-III  (late early Campanian–ear li est Maastrichtian) lithofacies

For ex pla na tions see Fig ure 9



con tin ues eastwards in the P³ock Trough (ac com pa nied by car -
bon ate lithofacies) and in the south of the Peribaltic Syneclise
where it co-oc curs with marls. Car bon ates are com mon south
of Koszalin in the Pom er a nian Trough. The lithofacies dis tri -
bu tion pat tern in Pomerania in di cates more calm and uni fied
sed i men tary con di tions to wards the late Maastrichtian, with
car bon ate lithofacies be com ing pre dom i nant (Jaskowiak-
 Schoeneichowa, 1987). Car bon ate-si li ceous and car bon ate
lithofacies, lo cally with gaize interbeds, com pose the Maastri -
chtian suc ces sion in the west ern and cen tral parts of the P³ock
Trough. In the south-east and east, the sec tion is much more
var ied with ad di tional marly and chalk com po nents. To the N
and NW of War szawa, the up per Maastrichtian im me di ately
over lies Campanian de pos its and the bound ary is of ten rep re -
sented by a hardground (Jaskowiak-Schoeneichowa and
Krassowska, 1983).

The non-depositional area that ear lier ex isted in NE Po -
land is no lon ger pres ent. Marly (with com mon sandy marls)

and car bon ate-si li ceous (gaizes, lo cal opokas) lithofacies pre -
dom i nate in this area. Muddy-marly and muddy-sandy-marly
litho facies are sup ple men tary com po nents in the north-cen tral 
re gion. The lithofacies pat tern of the Lublin re gion is also rel -
a tively vari able. Car bon ate-si li ceous, and even sandy car bon -
ate (with marls) lithofacies oc cur in the SW (ar eas 4h and 4c),
close to slope of the pres ent-day Mid-Pol ish Swell, pass ing
to wards the NE to car bon ate (lime stones ac com pa nied by
marls and chalk – ar eas 2c, 2b), and fi nally to chalk lithofacies 
(Krassowska, 1981; Œwidrowska et al., 2008; Dubicka and
Peryt, 2011). 

In the ex treme south-east, sandy to sandy-silty marls and
gaizes, ex tend ing to wards the Ukraine ter ri tory, are a sig nif i -
cant com po nent (Œwidrowska, 2007; Œwidrowska et al., 2008). 
A con tin u ous suc ces sion from the Maastrichtian to Paleo cene
has re cently been re ported at Lechówka (east of Lublin) and de -
scribed in de tail by Racki et al. (2011). In most ar eas, there is a
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Fig. 14. Cy cle K4-IV–K4-V (late early Maastrichtian–late Maastrichtian) lithofacies 

For ex pla na tions see Fig ure 9



prom i nent sed i men tary gap at the Maastrichtian/Danian
bound ary, lo cally rep re sented by a hardground.

The zone of max i mum sub si dence moved to the Lublin
Trough and southeast ern part of the P³ock Trough. 

CYCLE PC-I (DANIAN) 
(FIG. 15) 

The Early Paleocene (Danian) ba sin was the fi nal stage of
the evo lu tion of the en tire Late Cre ta ceous-Danian sed i men tary 
mega cy cle. S³odkowska (2009) also re ports the pres ence of
low er most Mid dle Paleocene (Selandian) de pos its from the
Mazury area. Danian de pos its of the Pol ish Low lands are
known from the re gions sit u ated NE of the Mid-Pol ish Swell.
In most ar eas, they are sep a rated from the Up per Cre ta ceous by
a dis tinct strati graphic gap (Popiel, 1977; Krassowska, 1986;
Jaskowiak-Schoeneichowa and Krassowska, 1988b). The
Maastrichtian/Danian bound ary is lo cally rep re sented by a
hardground (e.g., Popiel, 1977) or an ero sional-omis sion sur -

face (Machalski, 1998). In the Lublin re gion, the Maastrichtian
de pos its pass into Danian with out any sed i men tary breaks
(Krassowska, 1986). The dom i nant Danian fa cies are gaizes,
si li ceous marls and marls lo cally with interbeds of marly lime -
stone, rep re sent ing the Pu³awy For ma tion (Po¿aryska, 1965).
Sand i ness is com monly ob served. To wards the ba sin mar gins,
they grade into siliciclastic fa cies. The to tal thick nesses of the
Danian are com monly a few tens of metres, lo cally ex ceed ing
100 m (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Krassowska, 1997).

FINAL REMARKS

The maps give an over all pic ture of the struc tural and
lithofacies pat terns of the Up per Cre ta ceous-Danian suc ces sion 
in the Pol ish Low lands. Thick ness anal y sis based on these two
maps shows an in creas ing dif fer ence in sub si dence rate dur ing
the Late Cre ta ceous be tween the ar eas ex tend ing on the two
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Fig. 15. Cy cle Pc-I (Danian–?ear li est Selandian) lithofacies

Ex tent of the Danian af ter Dadlez et al., 2000; for ex pla na tions see Fig ure 9
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sides of the pres ent-day Mid-Pol ish Swell, with a much higher
sub si dence dur ing de po si tion of suc ces sion K4 in the area ex -
tend ing to the SW of it. In the area lo cated to the NE of the
Mid-Pol ish Swell, suc ces sion K4 is also thicker in the Kujavian 
and Lublin seg ments than in the Pom er a nian seg ment. Suc ces -
sion K3 at tains the great est thick ness in the Pom er a nian and
Kujavian seg ments, whereas in the Lublin re gion the val ues are 
lower. It shows that the max i mum sub si dence zone mi grated in
the Late Cre ta ceous from the Pom er a nian and Kujavian seg -
ments to wards the Kujavian and Lublin seg ments.

The ra tio of the max i mum thick nesses of suc ces sions K3
and K4 in the area sit u ated to the SW of the pres ent-day
Mid-Pol ish Swell to the max i mum thick nesses of these suc ces -
sions in the area lo cated to the NE of it (cal cu lated sep a rately
for the Pom er a nian and Kujavian seg ments), in di cates a greater 
dif fer ence in sub si dence rate be tween the ar eas ex tend ing on
ei ther side of the pres ent-day Mid-Pol ish Swell dur ing de po si -
tion of suc ces sion K4 than dur ing de po si tion of suc ces sion K3.  
A sig nif i cantly greater sub si dence oc curred in the SW area dur -
ing de po si tion of suc ces sion K4.

The lithofacies de vel op ment was strongly con trolled by
eustatic and tec tonic (pre dom i nantly in ver sion-re lated com -
bined with halotectonic ac tiv ity) pro cesses. These af fected the
amount of ac com mo da tion space, car bon ate pro duc tiv ity, sup -
ply of clastic ma te rial from ex ten sive land ar eas and ris ing salt
struc tures, and con trolled the lo ca tion and tim ing of sed i men -
tary gaps and hardgrounds in some ar eas.

It is in ter preted that the re gional Late Cre ta ceous-Paleocene 
in ver sion tec ton ics in the Eu ro pean bas ins re sulted from
intraplate compressional/transpressional de for ma tion (Mazur

et al., 2005; Krzywiec et al., 2009), lead ing to the in ver sion of
the Pol ish Ba sin, and re sult ing in sig nif i cant up lift and ero sion
of its ax ial part (i.e. the Mid-Pol ish Trough), which was trans -
formed into the Mid-Pol ish Swell. The trend of the in verted
zone was con trolled by the NW–SE-trending Teisseyre-
 Tornquist Zone (Znosko, 1998). 

The over all lithofacies pat tern of the Up per Cre ta ceous-
 Danian suc ces sion shows a gen eral trend of con tin u ous car bon -
ate/chalk sed i men ta tion in the west (Gorzów Block) and in the
east, the zone of the Mid-Pol ish Trough with car bon ate de po si -
tion re placed by car bon ate-siliciclastic lithofacies with lo cal
sand-dom i nated se ries as so ci ated with sub ma rine slides from
the ris ing salt struc tures and up lift ing Mid-Pol ish Swell, and, fi -
nally, the area of siliciclastic-dom i nated lithofacies ex tend ing
in the north, as a re sult of the prox im ity to the clastic-sup ply ing
land of the Bal tic Shield.

The great est range of lithofacies is observed in the Pom er a -
nian re gion, where the lithofacies pat tern is con strained by in -
ver sion pro cesses on the one hand and the sup ply of Scan di na -
vian clastic ma te rial from the other. 
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