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The paper presents a set of maps illustrating the internal geometry of the Upper Cretaceous-Danian sedimentary sequence in the Polish
Lowlands. Qualitative lithofacies are used for reconstructions with the dominant lithofacies component and accessory components indi-
cated. The following maps are produced: (1) base Upper Cretaceous structural map; (2) Upper Cretaceous (including Danian) thickness
map; (3) thickness map of succession K3 (Cenomanian—lower Turonian, excluding the upper Albian cycle K3-1, which is the lowermost
cycle of succession K3, but formally belongs to the Lower Cretaceous); (4) succession K4 (upper Turonian—Danian) thickness map. The
maps of successions K3 and K4 illustrate the post-inversion geometry of the basin for the pre-inversion (Cenomanian—lower Turonian)
and syn-inversion (upper Turonian—Danian) successions. Thickness analysis shows an increasing difference in subsidence rate during
the Late Cretaceous between the areas extending on the two sides of the present-day Mid-Polish Swell. Much higher subsidence rates
during deposition of succession K4 occurred in the area extending to the SW of the swell. The maximum subsidence zone migrated with
time from the Pomeranian and Kujavian segments towards the Kujavian and Lublin segments. The lithofacies pattern is presented in
seven maps constructed for individual eustatically and tectonically controlled cycles: K3-II-K3-III (early Cenomanian—early late
Cenomanian), K3-IV (latest Cenomanian—early Turonian), K4-I (late Turonian—Coniacian), K4-II (Santonian—earliest Campanian),
K4-I1I (late early Campanian—earliest Maastrichtian), K4-IV-K4-V (late early Maastrichtian—late Maastrichtian) and Pc-1 (Danian—?ear-
liest Selandian).
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INTRODUCTION

The internal geometry of the Upper Cretaceous-Danian se-
quence in the Polish Lowlands, interpreted based on data from
approximately 1100 boreholes (Fig. 1 A), is illustrated by a set of
maps (base Upper Cretaceous map, thickness maps and
lithofacies maps). The study area covers the Late Cretaceous ba-
sin of the Polish Lowlands, which freely communicated with the
other European basins and was dominated by carbonate sedi-
mentation (Fig. 1B). Sedimentary cyclicity within the basin was
controlled by eustatic and tectonic factors (Leszczynski, 1997).
The relationship between the cyclicity and the most commonly
used curves of relative sea level changes is illustrated in Figure 2.

The structural and thickness maps are compiled with re-
spect to the base of the Cenomanian, which is the standard
lower boundary of the Upper Cretaceous series (Birkelund e?
al., 1984; Rawson et al., 1995; Wagner, 2008; Fig. 3). It marks

the onset of rapid expansion of the Late Cretaceous Sea in the
Polish Basin and the beginning of widespread carbonate/chalk
deposition in the European basins (Walaszczyk, 1987;
Jaskowiak-Schoeneichowa and Krassowska, 1988b; Voigt et
al.,2008; Vejback et al., 2010). Sedimentation of the Late Cre-
taceous megacycle was primarily related to the relative sea
level rise initiated during the middle-late Albian and mani-
fested by siliciclastic deposition on a shallow shelf. The sea
level rise accelerated during Albian—Cenomanian times leading
to the development of deeper-marine siliciclastic-carbonate fa-
cies followed by carbonate deposition over large areas. The
carbonate-siliceous depositional system developed on a larger
scale during the Turonian and dominated in the Polish Low-
lands (especially in the basin centre) until the Maastrichtian and
Danian (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Krassowska, 1997; Leszczynski, 1997, 2010).

Beginning with the Turonian, chalk was deposited in rela-
tively shallow-marine zones below the storm wave base, far
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stone (siltstone) — sandstone. In the basin centre,
siliciclastic facies related to local inversion uplift-
ing movement of salt-cored anticline crests are su-
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the Mid-Polish Trough significantly influenced the
sea-floor topography and basin bathymetry. An
important palaeotectonic and palacogeographic el-
ement was the Koszalin-Chojnice Zone in the
Pomeranian Trough. It was a barrier to the
siliciclastic facies “expanding” from the Leba Ele-
vation and Peribaltic Syneclise, especially
well-pronounced during Coniacian and Santonian
times. A periodic northeastward retreat of the sili-
cilastics and the overlapping position of the
Campanian deposits in the Leba Elevation (Dadlez
et al., 1976) may have been due to a prominent sea
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level rise at that time (Fig. 2; Hancock, 1989). The
common feature typical of the Upper Cretaceous
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sequence in the Central European Basin is the oc-
currence of numerous phosphatic, chert and flint
horizons. Nodular phosphates in epicontinental
carbonate sequences are indicators of sea level
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Fig. 2. Late Cretaceous sea level changes

from land areas [see Research on Cretaceous Cycles
(R.O.C.C.) Group, 1986; Mortimore et al., 2001]. Biogenic
limestone sedimentation occurred in areas adjoining the chalk
zone. Deeper marine zones were occupied by deposition of
pelitic limestones, marls and carbonate-siliceous rocks (pre-
dominantly siliceous carbonates — so-called opoka; see
Swidrowska and Hakenberg, 1999; Swidrowska ez al., 2008).
The main factors controlling the sedimentation and lithofacies
types were the distance from the shore, topography of land are-
as and the climate, which was more stable, and of relatively low
temperature amplitudes due to large sea areas. However, the re-
lationship between the type of carbonate deposition and the ba-
sin depth could also be explained by different rates of calcium
carbonate dissolution (e.g., Harapinska-Depciuch, 1972).

The overall lithofacies pattern in the Late Cretaceous basin
in Poland is as follows (from deeper to shallower zones): sili-
ceous carbonates (opoka) and pelitic limestone — biogenic
limestone — chalk (Jaskowiak-Schoeneichowa and Krasso-
wska, 1988b; Leszczynski, 2010). Marls could be deposited
both in deeper (dissolution of CaCO;) and shallower zones ex-
tending closer to the land (more terrigenous material). In the ar-
eas remaining under the influence of strong clastic supply from
the land (e.g., Pomeranian Trough, Leba Elevation, Peribaltic
Syneclise), the following lithofacies zonation is observed: sili-
ceous carbonates (opoka) — marly claystone — (marly) mud-

sea level curves, marking a transition from a re-
gressive to transgressive phase (see Hancock,
1989; Marcinowski et al., 1996). There are also nu-
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merous hardground surfaces that form as a result of
early diagenetic cementation, and document peri-
ods of non-deposition or re-exposure and winnow-
ing. Hardgrounds are synsedimentarily lithified
carbonate sea-floors that become hardened in situ
by the precipitation of carbonate cement in the pri-
mary pore space (Wilson and Palmer, 1992). They are common
horizons in marine carbonates that exhibit evidence of expo-
sure on the sea-floor as lithified rock. Hardgrounds are often in-
terpreted to mark the tops of regressive sea level changes, or at
least to have been followed by transgression (Jones and
Desrochers, 1992). However, there are also hardgrounds that
form rapidly and are not associated with sea level changes
(Dravis, 1979). In the Late Cretaceous basin of the Polish Low-
lands, hardgrounds developed due to both regressive pulses re-
lated to sea level drops (¢f. Hancock, 1989) and uplifting move-
ments of salt-cored anticlines. Increased activity of bottom sea
currents could also have played an important role in the process
(cf. Hancock, 1989; Rais et al., 2007). Hardgrounds mark the
boundaries between the identified individual cycles and have
been reported from (i) the Peribaltic Syneclise and
Mazury-Suwatki Elevation, (ii) Szczecin Trough, (iii) Ptock
Trough, (iv) Lublin region and (v) Nida Trough (Krassowska,
1973; Marcinowski, 1974; Jaskowiak-Schoeneichowa., 1979,
1981; Jaskowiak-Schoeneichowa and Krassowska, 1983;
Krassowska, 1986; Walaszczyk, 1992; Olszewska-Nejbert,
2004). Hardgrounds are also observed at the top of the
Cenomanian succession and in the lower Turonian of the north-
ern and northeastern margin of the Holy Cross Mts. (Cieslinski,
1959; Peryt, 1983; Walaszczyk, 1992). A prominent sedimen-
tary gap, locally represented by a hardground is reported from
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Fig. 3. Upper Cretaceous stratigraphic scheme

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

the upper Maastrichtian section of the Vistula Gorge near
Putawy, WNW of Lublin (Machalski and Walaszczyk, 1987,
Peryt, 1988; Hansen et al., 1989; Zarski et al., 1998).
Hardgrounds at the Maastrichtian/Danian boundary are also
known from some boreholes in the Lublin region (Popiel,
1977; Krassowska, 1986).

Cyclicity of the sedimentation, identified in the Upper Cre-
taceous-Danian sequence, was controlled by eustatic and tec-
tonic factors. The relationship between the cyclicity and the
most commonly used curves of relative sea level changes is il-
lustrated in Figure 2. The boundaries of the cycles are relatively
well-correlated with the troughs on the Hancock curve. How-
ever, there are also discrepancies between these curves and no
close relationships with the cyclicity are visible, which are the
result of local/regional tectonics (Figs. 2 and 4).

Previous structural and thickness maps, published and con-
tained in archived materials, were based on data from boreholes
and reflection seismic profiles (Dadlez, 1976, 1998; Marek,
1977, 1983; Jaskowiak-Schoeneichowa, 1979, 1981;
Krassowska, 1976; Jaskowiak-Schoeneichowa and Pozaryski,
1979; Jaskowiak-Schoeneichowa and Krassowska, 1983;
Raczynska, 1987; Grigelis and Leszczynski, 1998;
Leszczynski, 2002a). However, the recently obtained data
from new wells and the reprocessed seismic sections provide
verification of the stratigraphy in some boreholes, updating
those maps and giving possibility for proper interpretations of
the basin evolution (e.g., Dadlez, 2001; Krzywiec, 2000,
2002a, b, 2006; Wagner et al., 2002).
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GEOLOGICAL DATA

per Cretaceous (i.e. Albian/Cenomanian boundary) and to the
near base Cenozoic (top of the Chalk Group = top Danian), as
presented in Doornenbal and Stevenson (2010). The Danian
succession, as it pre-dates the ultimate stage of the Mid-Polish
Trough inversion and is genetically associated with the Late
Cretaceous basin evolution, is included in both the Upper Cre-
taceous and K4 thickness maps. Compared to the middle
Albian/upper Albian boundary, the Albian/Cenomanian
boundary is relatively well-defined, based on faunal evidence.
It is placed at the last occurrence of Neohibolites minimus
(Miller) and abundant occurrence of Aucellina gryphaeoides
(Sowerby), which coincides with the last occurrence of
foraminifers  Globorotalites polonica (Gawor-Biedowa),
Marginulina robusta (Reuss) and Pleurostomella reussi
(Berthelin) and the first occurrence of Arenobulimina
varsoviensis ~ (Gawor-Biedowa) and Tritaxia macfadyeni
(Cushman) (Jaskowiak-Schoeneichowa, 1981).

AND MAP CONSTRUCTION METHOD

The materials for constructing the maps are stratigraphic
sections of boreholes and data on the relevant thicknesses and
depths to the base surface collected from approximately 1100
boreholes (see location map, Fig. 1), including data obtained
from detailed lithologic profiling in 780 wells.

The following structural and thickness maps are produced:
(1) base Upper Cretaceous contour lines map (Fig. 5); (2) Up-
per Cretaceous (including Danian) thickness map (Fig. 6); (3)
succession K3 (Cenomanian—lower Turonian, excluding cycle
K3-I) thickness map (Fig. 7); (4) succession K4 (upper
Turonian—Danian) thickness map (Fig. 8).

The Upper Cretaceous thickness map refers to the succes-
sion whose boundaries are defined by the depth to the base Up-
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Fig. 5. Base Upper Cretaceous contour lines map

Structural and thickness maps were constructed using a
number of subsurface mapping techniques (Kotanski, 1971a,
1990). Over most of the study area, where the number of con-
trol points is fewer, interpretative contouring (non-equidistant
interpolation, equidistant interpolation or combined contour-
ing) was applied. This was the primary technique used for the
map construction. In areas with a greater number of control
points, “pure” geometric contouring was applied by dividing
individual distances between two points into equal sections,
based on the equidistant interpolation method. This technique
was applied in a few cases.

The structural map (Fig. 5) was constructed based on drill-
ing data (i.e. depth in each well to the base of the Upper Creta-
ceous) and interpreted seismic sections (Zelichowski, 1971).
Contour lines were drawn after analysing all available geologi-
cal data from boreholes and geophysical studies (reflection
seismics), and taking into account other data, such as regional
tectonic setting, on the geological structure of individual areas.
Thus, the outlines of anticlines and synclines were contoured
so that the structures were consistent with the regional trends

and with the image interpreted from reflection seismic sections.
The outlines and contours for individual structures in the struc-
tural and thickness maps were subsequently compared, veri-
fied, slightly modified and corrected in some areas according to
the images proposed by B. Papiernik (in: Doornenbal and
Stevenson, 2010) and produced using the Z-map mapping soft-
ware. Nevertheless, most of the author’s own interpretations
have been retained. The base Upper Cretaceous structural map
can be considered a map that images an equi-temporal surface
(base of the Cenomanian).

The cartographic images for the Germany/Poland border-
land in the structural and thickness maps were jointly produced
in association with German geologists within the framework of
the international research project entitled “Petroleum Geologi-
cal Atlas of the Southern Permian Basin Area” (Doornenbal
and Stevenson, 2010).

A combined technique was applied for the construction of
thickness maps, using a superposition method (Kotanski,
1971b), directly from data acquired from boreholes, and inter-
preted seismic sections. It should be noted, however, that the
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Fig. 6. Upper Cretaceous (including Danian) thickness map

thicknesses represent apparent thickness values (isochore
maps) calculated in boreholes between the basal and top sur-
faces. Due to commonly low dips in the Cretaceous strata
(<10°) and the large map scale, it can be assumed, therefore,
that the mapped thicknesses more or less correspond to actual
thickness values (isopach maps). The thickness maps for suc-
cessions K3 and K4 (as defined in terms of the Cretaceous
cyclicity proposed by Leszczynski, 1997; Fig. 3) are con-
structed using data from 554 boreholes in which the position of
the K3/K4 boundary has been established relatively reliably.
These maps illustrate the post-inversion geometry of the basin
for the pre-inversion (Cenomanian—lower Turonian), and for
the syn-inversion successions (upper Turonian—Danian). Since
all the maps are constructed with respect to the standard lower
boundary of the Upper Cretaceous series, cycle K3-I (upper
Albian) is not included in succession K3. Thus, succession K3
is understood hereafter as representing only cycles K3-1II to
K3-1V (Fig. 3). The contour line intervals on the maps are
drawn as follows: base of the Upper Cretaceous map and Up-
per Cretaceous (including Danian) thickness map — every 200

m; succession K3 map — every 50 m; succession K4 (including
Danian) map — every 200 m.

The lithofacies pattern identified in the Late Cretaceous ba-
sin of the Polish Lowlands is presented in seven maps created
for eustatically and tectonically controlled cycles (see
Leszczynski, 1997, 2002a). These cycles and their associated
maps are presented in Figures 9 to 15. The lithofacies pattern in
areas where Upper Cretaceous deposits have been eroded due
to inversion (Mid-Polish Swell, NE Fore-Sudetic Monocline)
is interpreted based on regional lithofacies pattern and local
tectonics.

Previously published lithofacies maps were constructed at
smaller scales (Jaskowiak-Schoeneichowa and Krassowska,
1988b; Krassowska, 1997). They were compiled from the orig-
inal 1:500 000 scale maps available only as an archived report
and were constructed for each Cretaceous stage (Jaskowiak-
Schoeneichowa and Krassowska, 1988a). A further modifica-
tion has been the use of qualitative reconstructions of general-
ized lithofacies types (associations) with the dominant
lithofacies component and accessory components indicated.
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For explanations see Figure 6

Using this approach, an analysis of lithology, mainly from
borehole wireline-logs has been used in the construction of
lithofacies maps. An example of a generalized correlation chart
of the Upper Cretaceous-Danian succession for some bore-
holes is presented in Figure 16. During his many-year research,
the author verified and reinterpreted the lithology and stratigra-
phy of the Upper Cretaceous sections from a number of bore-
holes (e.g., Gosciejewo 2, Damastawek 20). In particular, spe-
cial emphasis has been placed on recognizing hardgrounds,
sedimentary breaks and any signs of cyclicity within the suc-
cession. As a result, previously incorrect correlations between
corresponding lithological complexes have been corrected.
Detailed analysis of available borehole data enabled recogniz-
ing transgressive and regressive events using hardgrounds,
nodular phosphates, gaps etc., and establishing the strati-
graphic position of each event.

In reconstructing the lithofacies patterns, a qualitative ap-
proach has been applied, showing the dominant lithological

component (underlined) accompanied by subordinate ones. In
carbonate-dominated sequences, the transitions between indi-
vidual rock types are often gradual, e.g.: chalk — marly chalk
— chalk-like limestone — limestone — marly limestone —
marl — opoka (siliceous carbonates) — gaize (carbonate-sili-
ceous rock of sedimentary origin, fine grained and porous due
to content of sponge spicules). Such gradual transitions make it
difficult to provide quantitative illustrations of lithofacies
types. In order to maintain a clear picture of the lithofacies pat-
tern in the maps, each lithofacies area consists of up to three
lithofacies types. The percentage contribution of each
lithofacies type is commonly at least 25%, although there are
some deviations from the rule if a specific lithofacies type
needs special emphasis. The term “lithofacies” is a descriptive
one, understood as an association of rock types showing related
lithological features.

Nine lithofacies types associations, corresponding to spe-
cific sedimentary environments and depositional systems, are



The internal geometry and lithofacies pattern of the Upper Cretaceous-Danian sequence in the Polish Lowlands 371
15° 16° 17° 18° 19° 20° 21° 22° 23° 24°
—
\)
54° 54°
|-/
OLSZTYN
1 [ BIALYST
53° 2 e S 53’
N Q & 0 F/i X ™
A )
\\ﬁ 3 \f 5
kx\&\ RSZA
MY
A RINEN LY 52°
* N
\\l_\#
AR \
\gﬁ — N
\& LUBLI
@)
TR 51°
0 04 0812 1.6 2.0 24 inthousand metres
N /‘u »1‘\
\ ya RS
0 50 100 km e ~
/ \\
— e 0
50
NS e <
18° 19° 20° 21° 22° 23°
Fig. 8. Succession K4 (upper Turonian—Danian) thickness
For explanations see Figure 6
proposed for the Upper Cretaceous succession of the Polish 7. Muddy-sandy-marly lithofacies — sandy-marly

Lowlands (the dominant lithological components are in bold):

1. Chalk lithofacies — chalk/marly chalk, local chalk-like
limestone and pelitic limestone (open-marine pelagic zone,
carbonate shelf);

2. Carbonate (limestone) lithofacies — pelitic lime-
stone/organogenic limestone/marly limestone, local marl,
and chalk-like limestone (open-marine pelagic zone, carbonate
shelf);

3. Marly lithofacies — marl, local marly limestone, opoka
interbeds (open-marine pelagic zone, carbonate (marly) shelf);

4. Carbonate-siliceous lithofacies — opoka (siliceous car-
bonates), local gaize, subsidiary marl (open-marine pelagic
zone, carbonate-siliceous shelf);

S. Clay-marly lithofacies — marly claystone, clayey marl
(siliciclastic-carbonate shelf);

6. Muddy (silty)-marly lithofacies — marly mudstone
(siltstone), silty (muddy) marl (siliciclastic-carbonate shelf);

mudstone (siltstone), muddy (silty)-sandy marl, sandy-marly
limestone, sandy marl, sandy gaize interbeds (siliciclastic-car-
bonate shelf);

8. Sandstone lithofacies — sandstone/marly sandstone, mud-
stone (siltstone)/marly mudstone interbeds (siliciclastic shelf);

9. Sandy carbonate lithofacies — sandy limestone, local
sandy marl and sandy gaize (siliciclastic-carbonate shelf).

In total, 54 single-type and mixed-type lithofacies
(lithofacies association) areas have been presented in the maps
(see legend in Fig. 9). Chalk lithofacies, as a very distinctive
rock type of the Late Cretaceous basin, has been singled out
from carbonates as a separate lithofacies. A carbonate-sandy
lithofacies has been distinguished as a characteristic facies type
represented by transitional rocks from limestones to sand-
stones: sandy limestones and calcareous sandstones, especially
widespread in the Maastrichtian. The so-called muddy-sandy-
marly lithofacies represented by sandy-marly mudstones and
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siltstones with sandy to silty marl, and sandy limestone, marl
and gaize interbeds is also recognized. The Upper Cretaceous
and Danian sandstones usually contain calcium carbonate.

Marl is an important constituent predominantly in areas
dominated by carbonate and carbonate-siliceous lithofacies (2
and 3). Marls occur as interbeds, normally accounting for less
than 25% of the total thickness.

The lithofacies pattern of the Maastrichtian (locally also of
the Campanian and older stages) is incomplete due to post-Cre-
taceous erosion. However, the lithofacies zones displayed on
the Maastrichtian map are extended by interpreting the missing
part of the section. As a result, the actual lithofacies picture may
differ from the version presented. In the lithofacies maps, the
interpretation for areas of complete or partial erosion (Mid-Pol-
ish Swell) is based on palacogeographical and tectonic models
and possible scenarios for lithofacies development.

MAIN FEATURES
OF THE INTERNAL GEOMETRY

The general features and trends visible in the base Upper
Cretaceous contour lines map (Fig. 5) and in the Upper Creta-
ceous (including Danian) thickness map (Fig. 6) are similar to
those presented in the previous versions of structural and thick-
ness maps constructed for individual regions. However, a num-
ber of specific differences, clarifications and updates have been
made in many areas where new boreholes have been drilled
and good-quality seismic sections have been acquired. Hence,
there are some modifications in the picture of the number of
synclinal and anticlinal structures.

The greatest depth to the base of the Upper Cretaceous is in
the Kujavian segment of the Mid-Polish Trough. These zones
are also areas of the greatest thickness of Upper Cretaceous de-
posits. In the Mogilno and Szczecin troughs, the basal Upper
Cretaceous surface shows the most varied structural relief and
the thicknesses display considerable variability and steeper
gradients.

A way of investigating sedimentation rates in relation to
structure is to compare the ratio of the maximum thicknesses of
successions K3 and K4 from the area situated to the SW of the
present-day Mid-Polish Swell to the maximum thicknesses of
these successions from the area located to the NE of it (calcu-
lated individually for the Pomeranian and Kujavian segments).
The maximum thickness ratio calculated for succession K3 is
approximately 1.75 (350/200 metres) in the Kujavian segment,
and approximately 1.25 (250/200 metres) in the Pomeranian
segment, whereas the maximum thickness ratio calculated for
succession K4 is approximately 2.25 (2700/1200 metres) in the
Kujavian segment, and approximately 1.9 (1700/900 metres) in
the Pomeranian segment. If succession K3 is considered as in-
cluding cycle K3-I (upper Albian), then the values are about 1.85
and 1.35. In the case of K4, the volume of eroded Maastrichtian
deposits should be taken into account, but then the ratio would
be slightly higher because the quantity of sediments removed
from the SW area was probably greater.

The ratio of the maximum thicknesses of successions K3
and K4 from the area situated to the SW of the present-day

Mid-Polish Swell to the maximum thicknesses of these succes-
sions from the area located to the NE of it was calculated sepa-
rately for the Pomeranian and Kujavian segments. The calcu-
lated values are greater for succession K4 by a factor of ~1.28
and ~1.52, respectively for the Kujavian and Pomeranian seg-
ments. If succession K3 is considered as including cycle K3-I
(upper Albian), then the values are slightly lower: ~1.22 and
~1.41. The thickness ratios between anticlinal and synclinal
zones are also clearly higher for succession K4 than for succes-
sion K3. This indicates a greater difference in subsidence rate
between the areas extending on the two sides of the present-day
Mid-Polish Swell during deposition of succession K4 than dur-
ing deposition of succession K3, with a much higher subsi-
dence in the SW area during deposition of succession K4.

In the area located to the NE of the Mid-Polish Swell, suc-
cession K4 is also thicker in the Kujavian and Lublin segments
(over 1000 m) than in the Pomeranian segment (over 800 m in
the Lower Vistula region and over 600 m, south of Koszalin in
the Pomeranian Trough). Succession K3 attains the greatest
thickness in the Pomeranian and Kujavian segments (approxi-
mately 200 m), whereas in the Lublin region the values are
lower (around 100 m). These thicknesses show that the zone of
maximum subsidence migrated SE-wards in the Late Creta-
ceous from the Pomeranian and Kujavian segments towards the
Kujavian and Lublin segments.

REMARKS ON BASIN SUBSIDENCE
AND BATHYMETRY

The Cenomanian sea level rise caused the deepening of seas
and basinwide development of carbonate sedimentation (includ-
ing chalk deposition) in most of the European basins (Hancock
and Kauffman, 1979; Haq ef al., 1988; Hancock, 1989). It has
been commonly assumed that the depth at which the Late Creta-
ceous pelagic carbonate sequences were deposited varied from
100 to 500 m (Research on Cretaceous Cycles (R.O.C.C.)
Group, 1986; Mortimore ef al., 2001), although greater values
were also suggested (Hancock and Kauffman, 1979; Tucker and
Wright, 1990). Assuming both a high stand of sea level for the
Late Cretaceous period (Hancock and Kauffman, 1979; Ziegler,
1982; Haq et al., 1988; Hancock, 1989) and a maximum depth of
the Cenomanian sea in the Mid-Polish Trough at over 100 m, the
calculated tectonic subsidence rate appears to be still low
(<30 m/Ma). This was only slightly different from that observed
during Early Cretaceous times, where the tectonic subsidence
rate was up to approximately 30 m/Ma (Dadlez ef al., 1995,
1998; Leszczynski, 2002a). The Turonian sea was probably
deeper (200400 m) and the Turonian-Coniacian tectonic subsi-
dence rate abruptly increased to over 200 m/Ma (Leszczynski,
2002a), however, not reaching values as high as during the ear-
lier history of the Mid-Polish Trough (Dadlez et al., 1995, 1998;
Stephenson et al., 2003). Salt movements that intensified from
the late Turonian-Coniacian onwards resulted in the formation of
deeper and shallower zones within the basin (Cieslinski and
Jaskowiak, 1973).

The basin depth varied from zone to zone, controlled by lo-
cal tectonic setting. The sea was deeper in synclinal areas (salt
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withdrawal) and shallower (above the wave base) over rising
anticlinal crests even with local emergence above sea level
(rapidly rising salt stocks).

Based on sponge investigations, Swierczewska-Gtadysz
(20006) interpreted the maximum depth of the late Campanian
basin in the Middle Vistula region at 200-250 m, and the mini-
mum depth of the latest Maastrichtian basin (siliceous marl fa-
cies) at about 100 m.

Macrofaunal research led Abdel-Gawad (1986) to the con-
clusion that siliceous marl of the Putawy region was deposited
in a pelagic environment at a depth between 100 and 150 m.

Chalk sedimentation in Eastern Poland took place in a rela-
tively shallow marine environment, but below storm
wave-base. Siliciclastic deposits were accumulated in shallow
shelf marginal zones of the basin.

PROBLEM OF TECTONIC INVERSION
OF THE MID-POLISH TROUGH

The mechanism and timing of tectonic inversion of the
Mid-Polish Trough is still disputed. Some authors claim that
the main phases of inversion occurred after the Cretaceous and
its earliest signs should be dated at the Maastrichtian (e.g.,
Kutek and Glazek, 1972; Swidrowska and Hakenberg, 1999;
Swidrowska, 2007). The other concept assumes that the inver-
sion was a multi-phase process triggered during the (?)latest
Turonian—Coniacian (Dadlez, 1976, 1980; Dadlez et al., 1997,
Jaskowiak-Schoeneichowa, 1981; Krassowska, 1997; Dadlez
and Marek, 1997; Leszczynski, 1997, 2000; Leszczynski and
Dadlez, 1999; Krzywiec, 2000, 2002a, b, 2006; Resak et al.,
2008; Krzywiec et al., 2009). Analysis of seismic data suggests
the  following  general inversion  phases: late
Turonian—Coniacian, late Santonian—Campanian and late
Maastrichtian—Paleocene (Krzywiec, 2006).

Inversion processes triggered reactivation of pre-existing
synsedimentary faults as reverse faults (see Swidrowska and
Hakenberg, 1999) often accompanied by spectacular salt
structures in the form of salt stocks and walls (e.g.,
Damastawek and Klodawa salt diapirs). Intensity of
halotectonic deformation in the area presently devoid of Up-
per Cretaceous deposits (Pomeranian and Kujavian swells)
increases from NW to SE (Dadlez, 1980). The most promi-
nent salt bulges (pillows) are observed within the Prady,
Szubin, Ciechocinek and Jezoéw structures located in the cen-
tral and NE parts of the Mid-Polish Swell (see Dadlez, 2001).
However, there is no evidence that the structures were sources
of clastic material transported to the nearby basinal zones
(Ptock and Pomerania troughs). The inversion process was
especially intense along the SW margin of the present-day
Mid-Polish Swell (Fig. 1, units 8 and 9), resulting in uplift
movements along the areas adjoining the then-forming
Szczecin, Mogilno and Uniejow troughs. The troughs were
the areas of higher subsidence rate giving rise to considerable
thicknesses of Santonian-Campanian deposits in synclinal

zones. Both salt-cored and non-salt anticlinal zones were sub-
jected to inversion. The most spectacular example of a
non-salt inverted structure is the Koszalin—-Chojnice Zone
where mid-Late Cretaceous stratigraphic gaps have been
proven (Jaskowiak-Schoeneichowa, 1976; Dadlez, 2001;
Leszczynski, 2002b). Relations between these stratigraphic
gaps and the cycles and the position of hardgrounds in NW
and NE Poland are shown in Figure 4. Tectonic activity is ob-
served especially within the Mid-Polish Trough. Analyses of
the strings of tectonic zones of Grz¢zno-Czlopa-Szamotuty
(NW of Poznan, at the boundary of the Szczecin and Mogilno
troughs), Damastawek-Mogilno, Gopto and Ktodawa (Cen-
tral Poland), supported by examination of the facies pattern
around them and along the slope of the present-day Mid-Pol-
ish Swell, indicate tectonic activity first developing markedly
in the north-west (in the Turonian) and then moving towards
the south-east (Ktodawa — in the Santonian).

Interpretation of reflection seismic data from the NE mar-
ginal fault zone (Nowe Miasto—Zawichost) of the Holy Cross
segment of the Mid-Polish Trough also indicates inversion of
this sector already happening in the late Turonian (Dadlez et
al., 1995; Gutowski et al., 2003; Krzywiec et al., 2009).

Seismic reflection facies interpreted as “debris flows” origi-
nating from the crests of rising anticlinal axes were also re-
ported from the Danish Basin (Liboriusen et al., 1987). The up-
lift started there during the Coniacian and rapidly accelerated
during Santonian-Campanian times. Local influx of clastics
(sand) in the Bornholm area indicates that the anticlinal crests
were exposed to the sea level, forming elongated zones during
the latest Cretaceous—earliest Paleogene (Surlyk, 1980). Worth
mentioning are also quartzose sands of the Lund Sandstone in
Scania, described by Erlstrom (1990).

Palacogeographic reconstructions and basin modelling sug-
gest that inversion processes resulted in a removal of some 1 to
over 2 km of Upper Cretaceous deposits from the Mid-Polish
Swell, and the base of Zechstein was elevated even by 4 km in
the Kujavian segment (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-Cztopa-Szamotuty
and Gopto—Pongtow—Wartkowice zones, were active during
the sedimentation and played a significant role in the lithofacies
distribution (Dadlez and Marek, 1974; Jaskowiak-
Schoeneichowa, 1976; Leszczynski, 2002a, b). The Late Cre-
taceous sedimentation was also controlled by the faults re-
corded within the basement in SE Poland (Hakenberg and
Swidrowska, 1998; Swidrowska, 2007). Another factor con-
trolling the facies distribution pattern was the process of with-
drawal of Zechstein salt from synclinal areas, active throughout
the Cretaceous but intensified from the Coniacian onwards
(Cieslinski and Jaskowiak, 1973; Leszczynski, 2000).

The Late Cretaceous-carly Paleogene structural inversion
of the Mid-Polish Trough is widely discussed in recent papers
by Mazur et al. (2005), Krzywiec (2006), Resak et al. (2008)
and Krzywiec et al. (2009).
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LITHOFACIES DEVELOPMENT

CYCLES K3-TI-K3-I1T
(EARLY CENOMANIAN-EARLY LATE CENOMANIAN)
(FIG. 9)

Over much of the Polish Lowlands, especially in N, NE
and E Poland, the early Cenomanian sedimentation (mostly
glauconitic sandstones with phosphatic horizons) occurred on
a shallow siliciclastic and siliciclastic-carbonate (sandy-car-
bonate) shelf. Phosphatic horizons and local hardgrounds are
reported from the Lublin region (e.g., Krassowska, 1981,
1986), Pomerania (Jaskowiak-Schoeneichowa, 1976), north-
ern Nida Trough and Holy Cross Mts. margin (Cieslinski,
1976; Hakenberg and Swidrowska, 1998). As the marine
transgression continued, the facies changed to open marine
marls and carbonates represented mostly by organogenic and
pelitic limestones.

In the Leba Elevation, Peribaltic Syneclise and Mazury
Elevation, marly, muddy-marly and clay-marly lithofacies
grade into muddy-sandy-marly and sandy lithofacies with
predominant sandstones and local wackes and arkosic
wackes. Clastic material is most likely to have been derived
from land areas of the Baltic Shield. The chalk lithofacies is
observed only in the Wolin Island region, NW Poland. Suc-
cession K3-1[-K3-III represents a general trend of continu-
ously deepening sedimentary basin from shallow shelf
siliciclastic and siliciclastic-carbonate deposition to open-ma-
rine carbonate shelf deposition.

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

Succession K3-1V is characterized by retreat of siliciclastic
lithofacies from northeastern Poland (Fig. 10), being replaced
by carbonate and chalk facies. Carbonate-siliceous lithofacies
(opokas) is widely developed, mainly in the Szczecin and
Mogilno troughs along the slope of the present-day Mid-Polish
Swell, and in the Ptock Trough. In the northeastern part of the
Szczecin Trough and in the Pomeranian Trough, clay-marly
and muddy-marly sedimentation prevailed. Muddy-marly and
muddy-sandy-marly lithofacies are dominant towards the NE
(Leba Elevation and Peribaltic Syneclise) with a higher propor-
tion of sand and sandy-glauconitic facies (Jaskowiak-
Schoeneichowa, 1976). Sandstone lithofacies with glauconite
are observed in the Peribaltic Syneclise (Gulf of Gdansk)
(Jaskowiak-Schoeneichowa, 1976). To the NE of Olsztyn,
there is a small non-deposition area, probably an island sur-
rounded with siliciclastic deposition, predominantly sand-
stones and fine-grained siliciclastics. In that region, this very
thin cycle is capped by a hardground (e.g., Bartoszyce 1G 1,
Ketrzyn IG 2). Local influx of clastic material (clay-marly and
muddy-marly lithofacies) is observed in the Szczecin Trough
(probably related to halotectonic activity of the
Grzgzno—Czlopa Zone).

Carbonate sedimentation of organogenic and pelitic lime-
stones occurs in the Gorzoéw Block and along the margin of the
Fore-Sudetic Monocline (Jaskowiak-Schoeneichowa, 1979,

1981). Carbonates also predominate in the Mogilno-Uniejow
Trough as far as the Nida Trough (Mrozek, 1975; Hakenberg,
1978, 1986). In the Mogilno and Uniejow troughs, they are ac-
companied by marly lithofacies (Jaskowiak-Schoeneichowa,
1972, 1977, Leszczynski, 2002a). The area extending from the
Olsztyn region towards the S and SE (across central Mazowsze
and the Lublin region) is again a wide belt of dominantly
open-marine carbonates represented mostly by organogenic
and pelitic limestones. Carbonate-siliceous lithofacies (opoka)
are more common in the Lublin Trough close to the slope of the
present-day Mid-Polish Swell.

Eastern and northeastern Podlasie and the eastern Lublin
region (along the east border of Poland) are the areas of calm
pelagic sedimentation of chalk and chalk-like limestones
(Krassowska, 1976, 1997). Over a large area of the Szczecin,
Mogilno and Uniejow troughs, close to the slope of the pres-
ent-day Mid-Polish Swell, thin black shale layers are observed
within a mudrock series at the Cenomanian/Turonian boundary
(Jaskowiak-Schoeneichowa, 1972, 1977, 1987; Leszczynski,
2002a). These rocks show features of a deposit accumulated in
a preferentially oxygen-depleted zone of the basin, and may be
correlative with the so-called Oceanic Anoxic Event 2 also
called the Bonarelli Event (e.g., Schlanger and Jenkyns, 1976;
Jenkyns, 1980; Arthur et al., 1987). Similar deposits have been
reported from the Lower Saxony Basin, Germany (Hilbrecht
and Dahmer, 1994) and from many basins worldwide. A possi-
ble cause of the event was strong magmatic activity and
sub-oceanic volcanism (Kump et al., 2005; Turgeon and
Creaser, 2008). It resulted in an abrupt rise in temperature, in-
duced by rapid influx of CO, into the atmosphere from
volcanogenic and/or methanogenic sources, followed by in-
crease in organic productivity. The consumption of the newly
abundant organic life by aerobic bacteria produced anoxia that
could be the reason for extinction of many species (Schlanger
and Jenkyns, 1976; Kerr, 1998). The deposits show elevated
TOC and 8"C values, and enrichment of trace elements (e.g.,
Brumsack, 1986; Schlanger et al., 1987; Peryt et al., 1994;
Jones and Jenkyns, 2001).

CYCLE K4-1 (LATE TURONIAN-CONIACIAN)
(FIG. 11)

Carbonate-siliceous lithofacies (various types of opokas —
see Jaskowiak-Schoeneichowa, 1981) are very common in cy-
cle K4-1, covering large areas (Fig. | 1), including the Szczecin,
Mogilno and Uniejéw troughs, as well as the Lower Vistula re-
gion. South-west of the carbonate-siliceous zone, marly and
carbonate lithofacies occur in the Gorzéw Block and along the
Polish/German border (Jaskowiak-Schoeneichowa, 1979).
Close to the SW slope of the present-day Mid-Polish Swell,
siliciclastic facies are locally found in the Mogilno and
Uniejow troughs, as a response to the rising crests of salt-cored
anticlines (Jaskowiak-Schoeneichowa, 1972, 1977, 1987).

On both sides of the Pomeranian Swell (in the Pomeranian
and Szczecin troughs), there is an area of carbonate-siliceous
deposition (silty opoka; Jaskowiak-Schoeneichowa, 1976). It
may imply that similar facies extended also between these two
areas. In the Koszalin—Chojnice Zone, the lithology changes to
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Fig. 9. Cycle K3-1I-K3-III (early Cenomanian—early late Cenomanian) lithofacies
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Fig. 10. Cycle K3-1V (latest Cenomanian—early Turonian) lithofacies

For explanations see Figure 9

muddy-marly lithofacies that extend as far eastwards as the
Vistula Lagoon (Leszczynski, 2002b). The upper part of the
succession in this region (probably corresponding to the
Coniacian) is composed of carbonate-siliceous lithofacies. In
the south-east of the Pomeranian Trough, the upper Turonian is
represented by muddy-sandy-marly lithofacies, whereas the in-
ferred Coniacian interval is composed of opokas.
Muddy-sandy-marly and sandstone lithofacies predomi-
nate in the Leba Elevation and in the NW part of the Peribaltic
Syneclise. Carbonate and chalk lithofacies extend from the
Olsztyn region to the east border of Poland. The non-deposition
or island area located NE of Olsztyn no longer existed. Instead,
there is a sedimentary gap related probably to an extensive cur-
rent-dominated submarine shallows, extending in the Peribaltic
Syneclise from the Lower Vistula region towards the NE
(Jaskowiak-Schoeneichowa and Krassowska, 1988b; Dadlez
et al., 1998). Stratigraphic gaps are also observed on salt-cored
anticline crests of the Szczecin and Mogilno troughs (Jasko-
wiak, 1961; Jaskowiak-Schoeneichowa, 1972, 1981) and non-

salt structures of the Pomeranian Trough (Jaskowiak-
Schoeneichowa, 1976; Leszczynski, 2002b).

Interpretation of reflection seismic profiles along fault
zones bounding the Mid-Polish Trough and along the pres-
ent-day slope of the Mid-Polish Swell suggests that the late
Turonian—Coniacian is the period when initial processes of
tectonic inversion of the Mid-Polish Trough are first well-de-
veloped (Krzywiec, 2000, 20024, b, 2006; Gutowski et al.,
2003; Krzywiec et al., 2009). Inversion activity resulted in re-
duced subsidence in the axial zone and, therefore, in smaller
thicknesses of the depositional succession in this area.

CYCLE K4-1I (SANTONIAN-EARLIEST CAMPANIAN)
(FIG. 12)

Cycle K4-11 is dominated by carbonate-siliceous lithofacies
being prevalent in the Mogilno and Uniejoéw troughs; however,
marly lithofacies are locally significant in these areas. Carbon-
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Fig. 11. Cycle K4-I (late Turonian—Coniacian) lithofacies

For explanations see Figure 9

ate-siliciclastic and siliciclastic lithofacies, represented by
marly mudstones, siltstones and sandy marls, are found in the
Szczecin, Mogilno and Uniejéw troughs along the present-day
Mid-Polish Swell slope, especially in the Pomeranian sector.
Sandstone series, interpreted as gravity flow deposits forming
submarine fan-type bodies (Fig. 16) within open-marine car-
bonate-siliceous deposits typical of a deeper marine environ-
ment, are known from near the rising Damastawek, Mogilno
and Klodawa salt structures (Jaskowiak-Schoeneichowa,
1977; Leszczynski, 2000, 2002a@). Similar submarine
slides/fans are also observed on seismic profiles within the
Campanian-Maastrichtian ~ succession in the Nowe
Miasto-Zawichost Fault Zone (Krzywiec ef al., 2009).

In the Gorzoéw Block, carbonate-siliceous lithofacies is
gradually replaced towards the SW by marly and carbonate
lithofacies accompanied occasionally by chalk-like limestones
(Os$no region — Jaskowiak-Schoeneichowa, 1979, 1981).

Siliciclastic lithofacies in the Szczecin Trough (along the
SW slope of the present-day Mid-Polish Swell) are separated

from the siliciclastic area of the L.eba Elevation by a belt of car-
bonate-siliciclastic lithofacies in the Pomeranian Trough. A
similar situation is observed in the Campanian and suggests dif-
ferent sources of clastic material to these areas.

Carbonate-siliceous lithofacies extend northeastwards to oc-
cupy most of the Plock Trough and extend along the SW margin
of the Lublin Trough. Towards the NE, in the Plock and Lublin
troughs, carbonate-siliceous and carbonate lithofacies are re-
placed by carbonate and marly lithofacies. Eastern and north-
eastern Poland is occupied by chalk lithofacies (Krassowska,
1976, 1986). A large non-depositional area is present east of
Olsztyn (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Dadlez et al., 1998). The non-depositional area that earlier ex-
isted south of the Vistula Lagoon, is no longer present.

Sedimentary or erosional gaps are recorded from salt-cored
anticlines of the Szczecin and Mogilno troughs (Jaskowiak,
1961; Jaskowiak-Schoeneichowa, 1977, 1981; Leszczynski,
2002b), and from the Koszalin—Chojnice Zone (Jaskowiak-
Schoeneichowa, 1976; Leszczynski, 20025).
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Fig. 12. Cycle K4-I1 (Santonian—earliest Campanian) lithofacies

For explanations see Figure 9

CYCLE KA4-11I
(LATE EARLY CAMPANIAN-EARLIEST MAASTRICHTIAN)
(FIG. 13)

The general lithofacies distribution pattern is roughly similar
to that of the previous cycle (Fig. 9). The characteristic feature is
a higher proportion of carbonates at the expense of carbonate-si-
liceous rocks, and a smaller extent of siliciclastic facies in north-
ern Pomeranian Trough and western Peribaltic Syneclise, where
carbonate-siliceous and locally marl (Bytéw IG 1) lithofacies
predominate, and in the Leba Elevation. Chalk lithofacies, ac-
companied by limestones, occur in the Gorzéw Block and in the
SW part of the Szczecin Trough. From SW to NE, the lithofacies
zonation is from chalk through carbonate (locally marly), to car-
bonate-siliceous lithofacies and muddy-sandy-marly lithofacies
close to the present-day Mid-Polish Swell. This is considered to
be a wide belt of carbonate-siliceous lithofacies that stretched
along the Mid-Polish Trough from the Baltic coast to the SW
flank of the Lublin Trough. This lithofacies is also prevalent in

the Mogilno (accompanied by marly lithofacies) and Uniejow
(along with carbonates) troughs. Marly and carbonate-siliceous
lithofacies predominate in the transitional area between the
Uniejow and Nida troughs (Hakenberg and Swidrowska, 1998).
Carbonate lithofacies also extends from Olsztyn through
Mazowsze to the Lublin and Roztocze regions. An extensive
chalk area occupies Eastern Poland. Carbonate-siliceous
lithofacies of the Pomeranian Trough (Jaskowiak-Schoenei-
chowa, 1976) grade northeastwards to sandstone lithofacies of
the Leba Elevation and Peribaltic Syneclise.

The very important lithological components of succession
K4-I1I are gaizes and calcareous and sandy gaizes present, in
particular, in Northern Poland. Sandstone series occur locally
in some zones within the Mid-Polish Trough along the SW
slope of the present-day Mid-Polish Swell, in the Mogilno
Trough and near the Klodawa salt diapir (Jaskowiak-
Schoeneichowa, 1977, 1981; Leszczynski, 2000, 2002a).

The area of maximum subsidence extended in the pres-
ent-day Szczecin, Mogilno and Uniejéw troughs (over 800 m



The internal geometry and lithofacies pattern of the Upper Cretaceous-Danian sequence in the Polish Lowlands 379

20° 21° 22° 23° 24°

54°

53°

52°

51°

15° 16° 17° 18° 19°
54°
2
2 4k
4a
2

53°

2a

_— \ N

2
52° o~
\,
51°
0 50 100 km

Fig. 13. Cycle K4-II1 (late early Campanian—earliest Maastrichtian) lithofacies

For explanations see Figure 9

of cycle K-IIT). The non-depositional area of NE Poland, al-
ready observed in the previous periods, shrank slightly and
moved towards the south (Jaskowiak-Schoeneichowa and
Krassowska, 1988b; Dadlez et al., 1998). Local sedimentary
gaps are observed in the Koszalin—-Chojnice Zone (Jaskowiak-
Schoeneichowa, 1976; Leszczynski, 20025).

CYCLES K4-1V-K4-V
(LATE EARLY MAASTRICHTIAN- LATE MAASTRICHTIAN)
(FIG. 14)

The K4-IV-K4-V deposits occupy a smaller area than the
previous cycles due to post-Cretaceous erosion. This cycle pri-
marily relates to the late Maastrichtian which has been preserved
mainly in the synclines, and to the area located SW of the pres-
ent-day Mid-Polish Swell. The Maastrichtian has greater vari-
ability in lithofacies, both in the vertical section and across the
basin, due to oscillatory sea level changes manifested by re-

peated transgressive and regressive events (Jaskowiak-
Schoeneichowa and Krassowska, 1988b). Carbonate-sandy and
siliciclastic lithofacies occur in particular in the Pomeranian sec-
tor. Gaizes are very common, especially in northeastern Poland.
Compared to the Campanian, chalk lithofacies in Western Po-
land occupy a slightly larger area. Towards the NE, chalk
quickly grades laterally through carbonates into siliciclastics.
From SW to NE, the distribution pattern includes chalk, carbon-
ate, marly, carbonate-siliceous, carbonate-siliciclastic, carbon-
ate-sandy and muddy-sandy-marly lithofacies.

Carbonate-siliceous (opoka) lithofacies occur predomi-
nantly in the Mogilno and Uniejow troughs. Sandstone and car-
bonate-sandy lithofacies play an important role in these areas
close to the present-day Mid-Polish Swell.

In the Pomeranian Trough, calcareous sandstones, carbon-
ates and sandy marls with gaize interbeds account for a signifi-
cant proportion of the section. Carbonate-siliceous lithofacies
(opoka) occurs in its northwestern and southeastern parts and




380 Krzysztof Leszczynski
15°
54° 54°
2,
RN
aT~4b 2
~
53° 1 53°
1S
52° 500
51° 51°
0 50 50°

20° 21° 22° 23° 24°

Fig. 14. Cycle K4-1V-K4-V (late early Maastrichtian—late Maastrichtian) lithofacies

For explanations see Figure 9

continues eastwards in the Ptock Trough (accompanied by car-
bonate lithofacies) and in the south of the Peribaltic Syneclise
where it co-occurs with marls. Carbonates are common south
of Koszalin in the Pomeranian Trough. The lithofacies distri-
bution pattern in Pomerania indicates more calm and unified
sedimentary conditions towards the late Maastrichtian, with
carbonate lithofacies becoming predominant (Jaskowiak-
Schoeneichowa, 1987). Carbonate-siliceous and carbonate
lithofacies, locally with gaize interbeds, compose the Maastri-
chtian succession in the western and central parts of the Ptock
Trough. In the south-east and east, the section is much more
varied with additional marly and chalk components. To the N
and NW of Warszawa, the upper Maastrichtian immediately
overlies Campanian deposits and the boundary is often repre-
sented by a hardground (Jaskowiak-Schoeneichowa and
Krassowska, 1983).

The non-depositional area that earlier existed in NE Po-
land is no longer present. Marly (with common sandy marls)

and carbonate-siliceous (gaizes, local opokas) lithofacies pre-
dominate in this area. Muddy-marly and muddy-sandy-marly
lithofacies are supplementary components in the north-central
region. The lithofacies pattern of the Lublin region is also rel-
atively variable. Carbonate-siliceous, and even sandy carbon-
ate (with marls) lithofacies occur in the SW (areas 4h and 4c),
close to slope of the present-day Mid-Polish Swell, passing
towards the NE to carbonate (limestones accompanied by
marls and chalk —areas 2c, 2b), and finally to chalk lithofacies
(Krassowska, 1981; Swidrowska ef al., 2008; Dubicka and
Peryt, 2011).

In the extreme south-east, sandy to sandy-silty marls and
gaizes, extending towards the Ukraine territory, are a signifi-
cant component (Swidrowska, 2007; Swidrowska et al., 2008).
A continuous succession from the Maastrichtian to Paleocene
has recently been reported at Lechéwka (east of Lublin) and de-
scribed in detail by Racki ez al. (2011). In most areas, there is a
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prominent sedimentary gap at the Maastrichtian/Danian
boundary, locally represented by a hardground.

The zone of maximum subsidence moved to the Lublin
Trough and southeastern part of the Plock Trough.

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

The Early Paleocene (Danian) basin was the final stage of
the evolution of the entire Late Cretaceous-Danian sedimentary
megacycle. Stodkowska (2009) also reports the presence of
lowermost Middle Paleocene (Selandian) deposits from the
Mazury area. Danian deposits of the Polish Lowlands are
known from the regions situated NE of the Mid-Polish Swell.
In most areas, they are separated from the Upper Cretaceous by
a distinct stratigraphic gap (Popiel, 1977; Krassowska, 1986;
Jaskowiak-Schoeneichowa and Krassowska, 1988b). The
Maastrichtian/Danian boundary is locally represented by a
hardground (e.g., Popiel, 1977) or an erosional-omission sur-

face (Machalski, 1998). In the Lublin region, the Maastrichtian
deposits pass into Danian without any sedimentary breaks
(Krassowska, 1986). The dominant Danian facies are gaizes,
siliceous marls and marls locally with interbeds of marly lime-
stone, representing the Putawy Formation (Pozaryska, 1965).
Sandiness is commonly observed. Towards the basin margins,
they grade into siliciclastic facies. The total thicknesses of the
Danian are commonly a few tens of metres, locally exceeding
100 m (Jaskowiak-Schoeneichowa and Krassowska, 1988b;
Krassowska, 1997).

FINAL REMARKS

The maps give an overall picture of the structural and
lithofacies patterns of the Upper Cretaceous-Danian succession
in the Polish Lowlands. Thickness analysis based on these two
maps shows an increasing difference in subsidence rate during
the Late Cretaceous between the areas extending on the two
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sides of the present-day Mid-Polish Swell, with a much higher
subsidence during deposition of succession K4 in the area ex-
tending to the SW of it. In the area located to the NE of the
Mid-Polish Swell, succession K4 is also thicker in the Kujavian
and Lublin segments than in the Pomeranian segment. Succes-
sion K3 attains the greatest thickness in the Pomeranian and
Kujavian segments, whereas in the Lublin region the values are
lower. It shows that the maximum subsidence zone migrated in
the Late Cretaceous from the Pomeranian and Kujavian seg-
ments towards the Kujavian and Lublin segments.

The ratio of the maximum thicknesses of successions K3
and K4 in the area situated to the SW of the present-day
Mid-Polish Swell to the maximum thicknesses of these succes-
sions in the area located to the NE of it (calculated separately
for the Pomeranian and Kujavian segments), indicates a greater
difference in subsidence rate between the areas extending on
either side of the present-day Mid-Polish Swell during deposi-
tion of succession K4 than during deposition of succession K3.
A significantly greater subsidence occurred in the SW area dur-
ing deposition of succession K4.

The lithofacies development was strongly controlled by
eustatic and tectonic (predominantly inversion-related com-
bined with halotectonic activity) processes. These affected the
amount of accommodation space, carbonate productivity, sup-
ply of clastic material from extensive land areas and rising salt
structures, and controlled the location and timing of sedimen-
tary gaps and hardgrounds in some areas.

Itis interpreted that the regional Late Cretaceous-Paleocene
inversion tectonics in the European basins resulted from
intraplate compressional/transpressional deformation (Mazur

et al., 2005; Krzywiec et al., 2009), leading to the inversion of
the Polish Basin, and resulting in significant uplift and erosion
of its axial part (i.e. the Mid-Polish Trough), which was trans-
formed into the Mid-Polish Swell. The trend of the inverted
zone was controlled by the NW-SE-trending Teisseyre-
Tornquist Zone (Znosko, 1998).

The overall lithofacies pattern of the Upper Cretaceous-
Danian succession shows a general trend of continuous carbon-
ate/chalk sedimentation in the west (Gorzow Block) and in the
east, the zone of the Mid-Polish Trough with carbonate deposi-
tion replaced by carbonate-siliciclastic lithofacies with local
sand-dominated series associated with submarine slides from
the rising salt structures and uplifting Mid-Polish Swell, and, fi-
nally, the area of siliciclastic-dominated lithofacies extending
in the north, as a result of the proximity to the clastic-supplying
land of the Baltic Shield.

The greatest range of lithofacies is observed in the Pomera-
nian region, where the lithofacies pattern is constrained by in-
version processes on the one hand and the supply of Scandina-
vian clastic material from the other.
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