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Evolution of the Rotliegend Basin of northwestern Poland
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The Rotliegend Basin of northwestern Poland is characterized by a complex structure that reflects syndepositional reactivation of fault
systems related to the Teisseyre-Tornquist (TTZ) and Sorgenfrei-Tornquist (STZ) zones. This basin is superimposed on the Caledonian
Trans-European Suture Zone and encroaches eastward onto the East European Craton and southwestward onto the Variscan Externides.
Latest Carboniferous and Early Permian sinistral wrench movements along the TTZ and STZ, causing disruption and erosional trunca-
tion of the Variscan foreland basin and the external Variscan fold-and-thrust belt, were accompanied by the extrusion of voluminous
volcanics. During the deposition of the Upper Rotliegend sediments, earlier formed fault systems were recurrently reactivated, control-
ling the subsidence of an array of troughs and uplift of horst blocks. During deposition of the upper parts of the Upper Rotliegend, when
tectonic activity had abated, subsidence and broadening of the Polish Basin was controlled by thermal relaxation of the lithosphere.
Analysis of wireline logs, calibrated by cores, and their regional correlations permits to distinguish nine successive Upper Rotliegend
depositional cycles. These involve alluvial fan, fluvial, lacustrine, playa-lake and aeolian deposits and are separated by conspicuous
lithofacies and/or erosional boundaries. Lithofacies maps developed for each of these depositional cycles allowed to retrace the
palaeogeographic evolution of the Polish Rotliegend Basin, with supporting cross-sections providing insight into its structural develop-
ment. Palaeoclimatic factors, such as rapid humidity changes, combined with tectonic activity, played an important role in the develop-
ment of the different depositional cycles and their boundaries. Tectonics controlled the development of accommodation space and the
lack thereof, as well as uplift and erosion of clastic source areas. The Polish and North German Rotliegend basins were separated during
the deposition of the Drawa (Parchim and Mirow) and the earlier part of the Noteæ (Rambow and Eldna) formations by the vast area of
palaeohigh. Subsequently this high was overstepped by sediments of the upper part of the Noteæ (Peckensen and Mellin) Formation, re-
sulting in the coalescence of these basins. A tentative correlation of depositional cycles evident in the Polish and North German
Rotliegend basins is presented.
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INTRODUCTION

This study emerged from the need to re-evaluate earlier in-
terpretations of the tectono-stratigraphic development of the
Polish Rotliegend Basin in the light of the results of new bore-
holes and 2D and 3D reflection-seismic data that were acquired
in the context of on-going gas exploration. This paper focuses
on the NW part of the Polish Rotliegend Basin in which Upper
Rotliegend deposits are fullest developed, and more specifi-
cally on a regional structural analysis that aims at assessing
structural controls on sediment thickness and facies develop-
ment. In addition, some aspects of palaeoclimatic effects on
sedimentary processes will be discussed. Furthermore, correla-
tions between the NW Polish and NE German parts of the
Rotliegend Basin will be addressed.

In NW Poland, Upper Rotliegend sediments accumulated
in an area of considerable tectonic complexity that is character-
ized by the alignment and interaction of several super-regional
dislocation zones (Fig. 1). The depositional architecture and
stratigraphy of the Upper Rotliegend deposits reflects the tec-
tonic differentiation of their pre-Permian substrate. This in-
spired a step-wise reconstruction of the evolution of the Polish
Rotliegend Basin and the development of a new model for
syn-depositional tectonics during basin subsidence.

In the West Pomerania area, studies on Rotliegend sedi-
mentary series commenced in the 1970’s in the context of oil
and gas exploration that aimed at assessing the potential of De-
vonian, Carboniferous and Permian reservoirs. Since then, nu-
merous boreholes were drilled yielding a host of new geologic
information that was published in a number of papers dealing
with structural geology (Dadlez, 1974a, b, 1978, 1990; Wagner



et al., 1980) and the lithofacies of Upper Rotliegend deposits
(Pokorski, 1978, 1987, 1988a, b, 1990). Following the discov-
ery of several hydrocarbon accumulations in Zechstein carbon-
ates increased drilling activity and seismic profiling brought
further progress in the understanding of Rotliegend deposits
and their structural relation to older basement features (Wag-
ner, 1987; Antonowicz et al., 1993, 1994).

In the 1980’s, Pokorski presented the stratigraphy of the
Rotliegend Basin and a model for its development, as well as a
tectonic background for depositional processes at regional and
basin-wide scales (Pokorski, 1981, 1988a, b, 1990). He up-
dated his interpretations, with minor amendments, during the
following years (Pokorski, 1997, 1998a). Maps presented in
these papers show the distribution, facies and thickness of a
lower and upper unit of the Upper Rotliegend sedimentary se-
ries in the Pomeranian part of the Polish Basin. However, these
maps reflect only partly the complex tectonic development of
this basin. Kiersnowski (1997, 1998) presented a new model
for the development of the Polish Rotliegend Basin that is
based on depositional sequence analyses. For the NW part of
this basin, he proposed a modification of the depositional his-
tory and presented new palaeogeographic models for the
Rotliegend series that partly differed from those of Pokorski.
These differences arose from a different analytical concept of
depositional processes that includes sequence stratigraphy,
palaeoclimatic effects and partly different interpretations of the

significance of tectonic controls on
source areas and depositional processes.
Karnkowski presented in 1999 his
depositional development model for the
Polish Rotliegend Basin, partly incorpo-
rating the results of Kiersnowski (1997,
1998). Compared with the models of
Pokorski (1990, 1997), the model of
Karnkowski (1999) is more compatible
with earlier published tectonic maps of
the sub-Rotliegend basement, particu-
larly in the NW part of the Rotliegend
Basin. Dadlez et al. (1995, 1998)
showed for the Permian-Mesozoic Pol-
ish Basin the important relationship be-
tween tectonics and changes in subsi-
dence rates through time, specifically in
terms of the significance of regional tec-
tonic structures.

REGIONAL BACKGROUND

The Polish Rotliegend Basin (PRB)
forms the eastern part of the Southern
Permian Basin (SPB) (Kiersnowski et

al., 1995). The PRB shares many simi-
larities with the western and central por-
tions of the SPB, including a common
style of sedimentation controlled to a
large degree by the interplay between
syn-sedimentary block faulting and a

fluctuating, mostly arid to semi-arid climate. However, the
level of tectonic control differs across the SPB owing to dif-
ferences in the availability of reactivated pre-existing base-
ment discontinuities (Geluk, 2005). The current developmen-
tal model for the SPB assumes a major role of lithospheric
thermal relaxation, post-dating the major Early Permian mag-
matic event, and superimposed extensional to transtensional
tectonics (Van Wees et al., 2000). The latter appear to be par-
ticularly important in the area of the Teisseyre-Tornquist
Zone, the northwestern part of which transects the NE corner
of the study area (Fig. 1).

From earlier studies by Antonowicz et al. (1993, 1994),
Dadlez (1990) and Pokorski (1988b, 1990) it is obvious that the
structural differentiation of the pre-Permian basement and its tec-
tonic reactivation had a strong bearing on the distribution and
thickness of the Upper Rotliegend series, as evident from the
isopach map given in Figure 2. In Pomerania, the Rotliegend se-
ries were deposited on top of an array of horsts, tilted fault
blocks, grabens and half-grabens (Po¿aryski et al., 1992) that in-
volve Carboniferous and Devonian and sporadically in the east
also Silurian sediments (Mi³aczewski, 1987; Tomczyk, 1987;
¯elichowski, 1987). Structuring of the Upper Rotliegend sub-
stratum resulted from intense latest Carboniferous-Early Perm-
ian wrench deformation along the Teisseyre-Tornquist and
Sorgenfrei-Tornquist zones and associated uplift and erosion of
the Variscan foreland basin and the external parts of the Variscan
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Fig. 1. Study area on the background of simplified tectonic map of the eastern part
of the Southern Permian Basin

CDF — Caledonian Deformation Front; RG — R�nne Graben; STZ — Sorgenfrei-Tornquist Zone;
TEF — Trans-European Fault; TESZ — Trans-European Suture Zone; Teisseyre-Tornquist Zone;
VDFT — Variscan Deformation Front
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fold-and-thrust belt. This involved the reactivation of pre-exist-
ing crustal discontinuities and the development of new ones
(Figs. 1 and 2; Ziegler, 1990).

The northern parts of the Polish Rotliegend Basin are
fringed by and are superimposed on major crustal boundaries,
tectonic activity along which, and the significance of which
changed in the course of time. The oldest of these crustal
boundaries corresponds to the margin of the East European
Craton (EEC) that coincides in Pomerania with the
Teisseyre-Tornquist Zone (TTZ). In the study area, the latter
coincides with the Koszalin-Chojnice Fault Zone. Recently this
margin was understood to flank to the NE the wide Caledo-
nian-deformed Trans-European Suture Zone (TESZ) that ex-
tends westward to dislocations interpreted as being associated
with the Trans-European Fault (TEF), thought to mark the mar-
gin of the Gondwana-derived East Avalonia Terrane
(Nawrocki and Poprawa, 2006). In Pomerania, fault systems
associated with the TTZ closely coincide with the Caledonian
Deformation Front (CDF) and the EEC margin, whereas in the
Baltic Sea these fault systems extend into the Precambrian crust
of the EEC and form part of the Sorgenfrei-Tornquist Zone
(STZ; Fig. 1). In the southern Baltic Sea, the course of the CDF
turns to the NW and strikes obliquely to faults associated with
the TTZ and STZ (Fig. 1). Whilst the NE and N parts of the
Polish Rotliegend Basin extend beyond the CDF onto the EEC,
its axial part is superimposed on the TESZ, whereas its SW,
shallower parts overlay crustal domains attributed to the East
Avalonia Terrane and encroach on the Variscan Externides
(Figs. 1 and 2).

North of the Variscan Deformation Front (VDFT) and to the
west of the Kamieñ-Stargard Fault Zone, relatively thin Upper
Rotliegend deposits rest on Early Permian volcanics that are un-
derlain by block-faulted Carboniferous series. This regional
palaeohigh separates the Upper Rotliegend depocentres of NW
Poland and NE Germany. South of the VDFT, the Polish
Rotliegend Basin is fringed by palaeohighs that are upheld by
the strongly folded Lower Carboniferous sediments of the
Variscan Externides that are capped by Early Permian volcanic
rocks. The trace of the rather ill-defined VDFT does, however,
not appear to coincide with the southernmost extension of Upper
Rotliegend deposits. To the north, the Rotliegend Basin is clearly
limited by a system of palaeohighs (here referred to as the West-
ern Pomerania Upland) that are upheld by Carboniferous sedi-
ments and Lower Permian volcanic rocks. The tectonic origin of
these palaeohighs has, so far, not yet been documented.

MATERIALS AND METHODS

Seismostratigraphic interpretation of the studied
Rotliegend deposits is seriously hampered by the poor seismic
resolution at pre-Zechstein levels. Therefore, the present study
is based on the analysis of wireline logs and core material of
most of the wells that penetrated Rotliegend deposits in NW
Poland (Pomerania), NE Germany (Mecklenburg) and the Bal-
tic Sea. Sedimentological and petrologic analyses of cored sec-
tions permitted to establish a correlation between specific wire-
line log characteristics and different lithological units, facies

types and to a degree also depositional environments, thus al-
lowing to extend interpretations from cored to non-cored inter-
vals. The analysis of borehole profiles yielded important infor-
mation for the construction of spatial models showing the dis-
tribution of successive Rotliegend depositional systems and the
identification of their bounding surfaces. Furthermore, defini-
tion of these bounding surfaces permitted to establish regional
correlations on the base of which the effects of syn-sedimentary
faulting on lateral facies and thickness changes could be as-
sessed. Based on published and unpublished tectonic maps of
the sub-Permian basement, as well as on seismically controlled
structural maps of the top Upper Rotliegend (= base Zechstein
PZ1), mapped fault systems were analyzed. Tectonic analyses
included the interpretation of gravimetric and magnetic data
(particularly vertical gradients maps) in terms of identifying
potential fault zones. Faults that were recognized as having
formed during the Late Cretaceous and Paleocene inversion of
the Mid-Polish Trough (Krzywiec, 2006) are excluded from
the map given in Figure 2.

Based on wireline log analyses of sedimentary environ-
ments, the different depositional cycles that are preserved in
large parts of the Upper Rotliegend Basin were identified and
characterised, and their mutual spatial relationship, composi-
tion and lateral extent determined (Fig. 3). Correlations be-
tween boreholes were performed and faults marked that in our
view reflect syndepositional tectonic activity (Figs. 4 and 5).
Earlier correlations between boreholes lacked, however, a
proper identification of sedimentary environments and were
largely based on arbitrary wireline log correlations (Pokorski,
1987), leading to erroneous interpretations. Results of these
studies were subsequently used for the definition of informal
lithostratigraphic units, representing allostratigraphic units
(Karnkowski, 1987) or diastrophic cycles (Pokorski, 1987) that
were referred to as “formations” and “members” (Pokorski,
1981, 1988a, b, 1998a; Hoffmann et al., 1997). Based on
sedimentological core studies and palaeoenvironmen-
tal/palaeoclimatic interpretations, Kiersnowski (1997, 1998)
applied for the first time sequence stratigraphic concepts to the
entire Polish Upper Rotliegend Basin, tentatively distinguish-
ing the individual depositional sequences. Hitherto, interpreta-
tions of the distribution and succession of different lithofacies
units were based on a tectonic model for the development of the
Rotliegend Basin that implied its partitioning into segments by
transverse fault zones striking normal to the basin axis and the
margin of the East European Craton (Pokorski, 1988b, 1990).

SEDIMENT THICKNESS PATTERN AND MAIN
PALAEOTECTONIC UNITS

During latest Carboniferous and Early Permian times, large
parts of the studied area were covered by volcanic flows and as-
sociated pyroclastic and subordinate siliciclastic sediments
(Pokorski, 1990). In N Germany and Poland the volcanic activ-
ity spanned 302–295 Ma (Neumann et al., 2004) and was pre-
ceded by the subsidence of fault-controlled troughs in western
Pomerania and northern Mecklenburg in which the Stephanian
clastics of the Œwiniec Formation (Pokorski, 1990) and
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Mönchgut-Beds of Strelasund Trough were deposited. These
are covered by extrusive and pyroclastic rocks that attain maxi-
mum thickness of over 2500 m south of Rügen and 2360 in
Mecklenburg-Vorpommern but decrease in thickness south-
east- and eastward (Katzung and Obst, 2004). For instance, in
the Stargard Szczeciñski 1 borehole, 350 m of siliciclastic and
pyroclastic rocks were penetrated (Maliszewska et al., 2003)
whilst on the Moracz High volcanics are over 600 m thick.
These thin out eastward towards the Trzebiatów Fault Zone
which flanks the Ko³obrzeg Block (Fig. 2; Pokorski, 1987,
1990). Beyond this fault zone, numerous, generally thin and
isolated occurrences of volcanic rocks have been recorded
(Ryka, 1978). Therefore, it is likely that the entire area of
Ko³obrzeg Block was initially covered by volcanic rocks, but
that these were partly eroded in late Early Permian times. The
intensity of this erosion and underlying wrench deformations is
illustrated by the occurrence of Middle Devonian to Lower
Carboniferous rocks at the base of the Rotliegend deposits. The
isopach map of the Upper Rotliegend sediments, presented in
Figure 2, illustrates the complex geometry of the Polish part of
the Southern Permian Basin. Basement faults shown in Fig-
ure 2 are superimposed onto this map and highlight the fault
control on individual, discrete Upper Rotliegend depocentres,
such as the Czaplinek and Pi³a sub-basins, as well as on inter-
vening and flanking highs. The principal tectonic units identi-
fied in Figure 2 are based on a number of sources (Conrad,
2001; Dadlez, 1990, 1995, 2000; Dadlez and Pokorski, 1995;
Rieke et al., 2001; Roch et al., 2005; Vejb�k, 1985; Vejb�k et

al., 1994), as well as on unpublished geological structural maps
of the Piaski-Resko Area.

Whilst Upper Rotliegend sediments attain a maximum
thickness of 1300 m in the Czaplinek Sub-Basin, marginal
blocks are characterized by reduced thickness owing to strati-
graphic condensation and/or erosion. For instance on the Piaski
Horst (borehole Piaski PIG 2; Figs. 2 and 4) an about 300 m
thick sedimentary package equates to a 1050 m thick interval in
the Czaplinek IG 2 borehole and thus testifies to differential
subsidence of this horst and the adjacent sub-basin.
Syndepositional tectonic activity along the Laska-Golce Fault,
that separates the Golce High from the Czaplinek Sub-Basin, is
indicated by the Golce 1 borehole that penetrated about 560 m
thick Rotliegend deposits, which equate to 960 m of sediments
in the Czaplinek IG 1 borehole (Figs. 2 and 4). The reduced
thickness of Rotliegend deposits in Golce 1 resulted both from
sediment condensation and periods of significant erosion. The
Laska-Golce Fault was already active during the Early Perm-
ian, as indicated by Rotliegend sediments resting on Early Car-
boniferous (Viséan) rocks in the Czaplinek IG 1 borehole,
whereas in Golce 1 they lie on Early Permian volcanics.

Based on an analysis of major structural features and their
effects on Rotliegend sedimentation, five main regions can be
distinguished in Pomerania and adjacent areas that are bounded
by fault zones that partly reactivated pre-existing major crustal
discontinuities, such as the TEF and TTZ, and partly by fault
zones that developed during latest Carboniferous-Early Perm-
ian times. Region I is delimited to NE by the Strelasund and
southern part of Kamieñ-Stargard Fault Zone, Region II by the
Strelasund and northern Adler-Kamieñ Fault Zone, Region III
by the Adler-Kamieñ Fault Zone (to the NW), Laska-Golce

and Koszalin-Chojnice fault zones (to the SW), Region IV by
the southern Kamieñ-Stargard Fault Zone (to the W) and
Laska-Golce Fault Zone (to the NE), and Region V by the
Koszalin-Chojnice Fault Zone to the SW (Fig. 2). The
Strelasund and Laska-Golce fault zones are superimposed on
the TEF whilst the Koszalin-Chojnice Fault Zone is superim-
posed on the TTZ (Dadlez, 2000; Dadlez et al., 1998;
Po¿aryski et al., 1992). The Adler-Kamieñ Pomorski and its
prolongation in the Kamieñ-Stargard Fault Zone obliquely
transect the CDF and the TEF and thus probably developed
during the Permo-Carboniferous.

REGION I

This region straddles the transition zone between the Polish
and the North German Rotliegend Basin (Katzung and Obst,
2004) and corresponds to a broad palaeohigh, referred to as the
Mecklenburg-Vorpommern High in Germany (Hoffman,
1990) and as the Trzebie¿-Stargard Horst and Graben Complex
in Poland. This high, which is upheld by Late Carboniferous
sediments (Franke, 1990) that are covered by extensive Early
Permian volcanics, was only overstepped by the upper parts of
the Upper Rotliegend series that merely locally are thicker than
300 m (Fig. 2). More complete Rotliegend series occur only in
the Strelasund Trough and Œwina Graben. The Strelasund and
the Kamieñ-Stargard fault zones bound this palaeohigh to the
NE, with the ill-defined VDFT (Dadlez, 2000) forming its
southern boundary. According to Hoffmann et al. (1998), the
Mecklenburg-Vorpommern High is subdivided into two parts
by the Anklam Fault (AF; Fig. 2), which constitutes a tectonic
boundary in the pre-Permian basement between the Variscan
Foreland area in the south and Caledonian Deformation Belt in
the north. Due to poor well control in the eastern part of the
Mecklenburg-Vorpommern High, the significance of the AF
for the Rotliegend sedimentation is not clear, although it ap-
pears to control the NE flank of the North German Basin.

The sediments in the Strelasund Trough (over 900 m of
coarse grained sediments — west of the present study area) are
interpreted as belonging to the lowermost part of the upper
Rotliegend (Rieke et al., 2001), and are further transected by a
series of normal faults, running approximately from the north
to the south. These faults formed in response to tectonic activity
along the underlying NW–SE oriented strike-slip fault zone
(Rieke et al., 2001). This zone and the Strelasund Trough are of
an older tectonic origin, as evidenced by the thickness and spa-
tial extent of Late Carboniferous sediments (so-called
Mönchgut-Beds; Hoffmann et al., 1997).

The Œwina tectonic trough (Pokorski, 1990), filled with over
400 m of Rotliegend deposits, is separated from the Strelasund
Trough by the Lütow and Usedom palaeohighs. Probably, the
Œwina Graben constitutes the next segment of the chain of tec-
tonic depressions that were controlled by activity along the
Strelasund Fault Zone. The development of Rotliegend deposits
in this trough is based on the Œwinoujœcie 1 borehole, which did
not pierce their full thickness. Nevertheless, according to the
present authors, this profile (including probable aeolian deposits)
correlates with the lower part of the Upper Rotliegend series
contained in tectonic troughs located to the west (R�nne Graben)
and south-west of Bornholm (K5 Graben).
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The Kamieñ-Stargard Fault Zone is poorly defined. Along
this zone a number of palaeohighs and tectonic depressions are
thought to occur. One of these depressions may be the Stargard
Szczeciñski Trough that contains at least 350 metres of Lower
Rotliegend deposits (Maliszewska et al., 2003).

The current state of knowledge, based on boreholes, allows
assumption that Upper Rotliegend deposits (particularly, the
Elbe Subgroup; Schöder et al., 1995) occur throughout Region I,

with the older deposits of Havel Subgroup (Table 1) occuring
only in tectonic troughs located in the marginal zones of the area
studied (Strelasund Trough, Œwina Graben, Uckemark Trough).

REGION II

In the NW part of this region, Rotliegend deposits occur only
as some tens of metres thick erosional remnants (cf. Pokorski,
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Fig. 3. Maps (a–i) of inferred extent and facies of successive depositional cycles of the Upper Rotliegend in northwestern Poland
and neighbouring German and Baltic areas

Other explanations as on Figure 1
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1990) in the shallow Mittelrügen Trough and in isolated depres-
sions. The substrate of volcanic and sedimentary Permian rocks
consists in the southern parts of Late Carboniferous sediments
(Hoffmann, 1990) and in northern parts of Early Palaeozoic sedi-
ments and Precambrian basement (Obst et al., 2004). Main struc-
tural elements are the Sudrügen High that is superimposed on the
TEF and parallels the Strelasund Fault Zone, the Nordrügen High
that coincides with the CDF, and the elevated Wolin Block that is
delimited to the E by the Adler-Kamieñ Fault Zone and to the SW
by the Strelasund Fault Zone.

REGION III

The structural configuration of the Region III is dominated
by NW–SE trending fault systems of which the Trzebiatów
Fault Zone, that separates the Gryfice Block in the west from
the Ko³obrzeg Block in the east, is the most important
(Pokorski, 1990). The Czaplinek Sub-Basin, in which Upper
Rotliegend sediments attain maximum thicknesses of 1300 m,
occupies the SE parts of this region. By contrast, Rotliegend
sediments are generally thin or missing in the NW parts of this
region, except in the K5 Graben that forms an extension of the
R�nne Graben (Figs. 1 and 2).

The Gryfice Block corresponds to an elevated area that is
offset to the N by the K5 Graben (Oderbank-Trough; Katzung
and Obst, 2004) and to the S by the Samlino-Resko and
S³owieñsko grabens. Along the S margin of this block the limit
of the PRB is very irregular and is controlled by NW–SE
trending fault systems, tectonic activity along which persisted
during much of Upper Rotliegend times. In the southern parts
of Gryfice Block, Late Carboniferous (Westphalian and
Stephanian) sediments directly underlie the Upper Rotliegend
deposits (Dadlez and Pokorski, 1995). The northern parts of
this block, located in the Baltic Sea, consist of the elevated
Kamieñ Block (boreholes K1/86 and K9/89) and the
Gryfice-K5 Graben, in which 205 m of Early Permian
volcanics rest on Westphalian C and D sediments and in turn
are covered by 445 m of Rotliegend deposits (K5/88 borehole;
Lindert et al., 1993). Northward, the K5 Graben grades into the
R�nne Graben (Fig. 2; Vejb�k, 1985; Vejb�k et al., 1994) in
which Rotliegend deposits have been identified in two bore-
holes (Nielsen and Jaspen, 1991).

The Trzebiatów Fault Zone that separates the Gryfice and
the Ko³obrzeg blocks, was repeatedly reactivated and had a
considerable impact on the development of Rotliegend basins,
in so far as it is associated with the S³owieñsko and Œlepce
grabens in which Rotliegend attains thickness of up to 300 m
and exceeds 370 m, respectively.

The northern parts of the Ko³obrzeg Block are probably
devoid of Rotliegend deposits, except for the Ko³obrzeg
Graben that may contain some erosional remnants. By contrast,
Rotliegend sediments are widely distributed in its southern
parts and increase in thickness towards the Czaplinek Sub-Ba-
sin. The northern limit of Rotliegend deposits is erosional,
highly irregular and appears to be fault-controlled. Whereas the
occurrence of isolated remnants of Rotliegend deposits on the
eastern parts of the Ko³obrzeg Block suggests they were up-
lifted and subjected to strong erosion, its SW parts subsided
conspicuously during the deposition of the Rotliegend. In the

southern and central parts of the block, Middle Devonian and
locally Late Devonian and Early Carboniferous sediments un-
derlay the Rotliegend series (Dadlez and Pokorski, 1995). In
the north, adjacent to the Koszalin-Chojnice Fault Zone, Mid-
dle and Late Devonian and Ordovician-Silurian rocks prevail.

The Czaplinek Sub-Basin forms the main depocentre of
the Polish Upper Rotliegend Basin and is bounded to the SW
by the Laska-Golce Fault Zone and to the NE by the
Trzebiatów Fault Zone and fault systems of the Ko³obrzeg
Block. The lower parts of the Upper Rotliegend accumulated
directly on Early Carboniferous sediments.

The hypothetical Resko-Œwidwin Fault Zone (Pokorski,
1998b) is thought to separate the Gryfice and Ko³obrzeg blocks
from the central Rotliegend Basin to the south. Based on analy-
ses performed in this paper, the existence of such a fault zone is
not required, as it does not solve question of lithologic and
thickness variations. In our view, the condensed or reduced
thickness of the Rotliegend known from the tectonically ele-
vated Moracz, Karsk, Piaski and Golce blocks (Figs. 2, 4 and 5)
is associated with the wide Laska-Golce Fault Zone, that is
aligned with the Œwinoujœcie-Drawsko Fault (Dadlez et al.,
1998). The latter controlled the Permian-Mesozoic develop-
ment of the northern part of the Mid-Polish Trough
(Antonowicz et al., 1993).

REGION IV

This region includes the Pi³a Sub-Basin in which the Upper
Rotliegend attains a thickness of up to 1000 m (Fig. 4, borehole
Pi³a IG 1; Kiersnowski, 1998). However, owing to limited con-
trol, the thickness indicated for this basin in Figure 3 must be
considered as tentative. The Pi³a and Czaplinek sub-basins are
separated by the Golce High, which was overstepped by early
Rotliegend deposit but remained intermittently tectonically ac-
tive until regional subsidence of these basins commenced dur-
ing the later part of the Upper Rotliegend time (Fig. 4). In the
Pi³a Sub-Basin, the substrate of the Rotliegend deposits is
formed by Late Carboniferous sediments in its northern part
and by Early Carboniferous ones in its southern part.

REGION V

The NW parts of this region, corresponding to the Dar³owo
Block (Krzywiec et al., 2003), are occupied by the wide and
shallow S³upsk Sub-Basin that contains up to 200 m of
siliciclastics, attributed to the Upper Rotliegend and the
Zechstein (Fig. 2; Pokorski, 1976, 1997). The substrate of this
basin is formed by flat-lying Silurian shales and, near the
Koszalin-Chojnice Fault Zone, by Caledonian folded Silurian
and Ordovician rocks (Podhalañska and Modliñski, 2006).
Owing to poor control, the architecture of the S³upsk Sub-Ba-
sin is ill-defined, particularly in the area of the Baltic Sea. This
basin probably corresponds to a wide erosional depression that
was carved into the soft Silurian shales during the early devel-
opment stages of the Polish Rotliegend Basin. As such, the area
of the S³upsk Basin may have acted as a source area for the NE
parts of the Upper Rotliegend Basin (Kiersnowski, 1997). Dur-
ing later stages, uplift of blocks along the Koszalin-Chojnice
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Fault Zone may have isolated the S³upsk Basin from the central
Rotliegend Basin, resulting in infilling of the former and a de-
creasing clastic supply to the latter.

STRATIGRAPHIC AND DEPOSITIONAL
FRAMEWORK

In the NW parts of the PRB nine successive depositional
cycles are recognized that are characterized by conspicuous
heterogeneity and lateral extent, and that partly correspond to
the depositional sequences defined earlier by Kiersnowski
(1997, see his fig. 2; tab. 1). These cycles involve the following
depositional environments: a) alternating ephemeral streams
and alluvial fans, representing sedimentation under arid and
more humid climatic conditions; b) sandy and muddy alluvial
plains; c) muddy playa lakes with a marginal admixture of
sulphates and ephemeral freshwater lakes; d) aeolian deposits.
These cycles contain numerous conglomerate horizons that
represent alluvial fan/plain depositional systems. Their recur-
rent appearance in individual profiles is interpreted as reflect-
ing diastrophic events associated with palaeorelief rejuvena-
tions and/or palaeoclimate changes. These conglomeratic hori-
zons advanced periodically from source areas located in the N
and NE southward far into the basin, thus forming conspicuous
correlative marker horizons of stratigraphic significance. On
the other hand, the southern part of the basin (Czaplinek and
Pi³a sub-basins) was dominated by relatively stable subsidence
rates, resulting in the accumulation of fine-grained playa-lake
deposits that attain considerable thickness. These were tempo-
rarily, and sometimes cyclically, interrupted by fluvial sands
and during drier periods by aeolian sheet and dune sands.

The cycles described below form widespread sedimentary
rock units, each of which relates to a genetically coherent
depositional system that is bounded by isochronous surfaces.
These surfaces testify to important changes in the sedimentary
regime that had a strong bearing on the architecture of the
evolving basin. These changes can be attributed to tectonic
movements and/or conspicuous palaeoclimatic changes.

Owing to limited space depositional cycles discussed be-
low will be described in a more detail in a forthcoming paper by
Kiersnowski and Buniak.

ALLUVIAL DEPOSITIONAL CYCLE (AL I) (FIG. 3a)

Conglomerates and sandstones of the cycle AL I accumu-
lated during the initial stage of the PRB development. In a
lithostratigraphic sense, they form the lowermost part of the
Drawa Fm. (Pokorski, 1981), also referred to as the Polwica
Conglomerate Mb. (Karnkowski, 1994). They may also be
equivalent to conglomerates occurring in the lowermost part of
the Parchim Fm. in Germany (Table 1; Schöder et al., 1995).
These conglomerates may possibly be attributed to the Lower
Rotliegend, as suggested by Kiersnowski (1997) and
Maliszewska et al. (2003).

In the area of interest, basal Rotliegend clastics were depos-
ited in a system of tectonically controlled troughs, the NW–SE
orientation of which coincides with some of the main tectonic
zones presented in Figure 2. Sediment accumulation in these

depressions reflects the earliest development stage of tectonic
high-rate subsidence zones, such as the Resko-Czaplinek,
Œlepce and Œwina grabens, with the latter finding its possible
NW-ward extension in the Strelasund Trough and its SE-ward
extension in the Pi³a Sub-Basin (Hoffmann et al., 1997). At the
same time, the vast system of the K5 and R�nne grabens may
have developed to the SW and S of Bornholm (Vejb�k et al.
1994). Similarly, the “initial Phase I” dry conglomerates of the
Strelasund Trough (Rieke et al., 2001) may have been depos-
ited at this time. Lower Rotliegend volcanic rocks covered ar-
eas surrounding these troughs, except for the Czaplinek Tec-
tonic Step (Czaplinek IG 1 borehole) on which Early Carbonif-
erous rocks were exposed.

LOWER FLUVIAL AND PLAYA-LAKE DEPOSITIONAL CYCLE
(P-L I) (FIG. 3b)

Compared to the AL I deposits, the conglomerates, sand-
stones and mudstones of the P-L I cycle show a wider distribu-
tion, particularly in the SE part of the study area. Deposition of
this sedimentary complex was accompanied by further tectonic
activity in the Œlepce, Resko-Czaplinek, Œwina grabens, as well
as by increased subsidence rates of the Czaplinek and Pi³a
sub-basins. Conglomerates were also deposited in the K5
Trough (Lindert et al., 1993) and the Strelasund system of tec-
tonic troughs. In the latter, characteristic “wet conglomerates”
accumulated, owing to the generation of additional accommo-
dation space in response to thermal relaxation of the lithosphere
(Rieke et al., 2001). The distribution of these sediments is,
however, poorly constrained due to limited borehole control.

The clastic source area for the alluvial fans was located to
the N and probably to the SW of the PRB. Overall, alluvial fans
advanced SE-wards into the area of maximum subsidence
rates, with conglomerates giving gradually way to sandstones
(Resko 1, Resko 3, Berkanowo 1) and ultimately to
fine-grained playa-lake deposits (Czaplinek IG 1, Czap-
linek IG 2, Golce 1, Pi³a IG 1; Fig. 4). Furthermore, aeolian
sandstones occur in this complex as intercalations in playa de-
posits (e.g. Pi³a IG 1 and probably Golce 1, and upper part of
the Czaplinek IG 2 profiles; Fig. 4). These fine-grained sedi-
ments overly with a sharp contact the coarse-grained alluvial
plain deposits of the AL I cycle. Such a contact is evident in ar-
eas of highest subsidence rates (e.g. boreholes Czaplinek IG 1,
Czaplinek IG 2, Golce 1 and Pi³a IG 1) and may point towards a
conspicuous palaeoclimatic change.

AEOLIAN DEPOSITIONAL CYCLE (Ae) (FIG. 3c)

Aeolian sandstones were identified in cores or were in-
ferred from log characteristics (*) in a number of boreholes
(Miêdzyzdroje 5, Œwinoujœcie 1*, Karsk 1, Samlino 1*, Piaski
PIG 2, Resko 1, Resko 3*, Czaplinek IG 2, Stargard 1*)
(Figs. 4 and 5). All these profiles are situated far to the north of
the area of main occurrence of aeolian deposits, i.e. the Eastern
Erg in the Poznañ region (Kiersnowski, 1997). Based on
sedimentological studies of cored intervals, these
stratigraphically condensed aeolian sediments represent dune
and interdune deposits (sand sheets).
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In terms of lithostratigraphy, the Ae cycle forms part of the
Drawa Fm. (Pokorski, 1981) or Siekierki Sandstone Fm.
(Karnkowski, 1994) that may equate to the aeolian sandstones of
Parchim Fm. (Table 1; Schöder et al., 1995; Drong et al., 1982).
In this paper, these sandstones are informally referred to as the
Piaski Aeolian Sandstone Unit, after the Piaski PIG 2 borehole,
where 12 m thick aeolian sandstones were found for the first
time. They range in thickness between a few to maximum 50
metres in the Resko 1 profile and form a conspicuous horizon,
except in the boreholes Miêdzyzdroje 5 and Œwinoujœcie 1
where numerous aeolian layers occur that are separated by flu-
vial deposits, as seen in the K5 profile (Lindert et al., 1993)
where the thickest aeolian layer is about 100 m thick.

The development of these extensive aeolian sandstone de-
posits is here interpreted as reflecting a unique and rapid
palaeoclimatic shift to extremely arid conditions, allowing for
long-range dune migration. During the deposition of the Ae cy-
cle, aeolian sands migrated northward across the central playa
of the PRB and covered a vast area along its margin, here re-
ferred to as the “Northern Erg” (Fig. 3c). The source area for
aeolian sandstones occurring in the boreholes Resko and Piaski
is located to the S of the Pi³a IG 1 and Wrzeœnia IG 1 boreholes,
whilst those occurring in the Stargard Szczeciñski area may
have been derived from the Banie-Myœlibórz High (immedi-
ately south of the study area), and those of the Miêdzyzdroje 5
and possibly Œwinoujœcie 1 profiles from the eastern part of the
Mecklenburg-Vorpommern High and the Usedom High. Ae-
olian sandstones occurring in the K5 borehole were probably
derived from the Gryfice Block area. Further to the north, the
aeolian and fluvial deposits interfinger in the R�nne Graben
(borehole Pernille 1; Vejb�k et al., 1994).

LOWER FLUVIAL AND PLAYA-LAKE DEPOSITIONAL CYCLE
(P-L II) (FIG. 3d)

The sediments of the Ae cycle are overlain by claystones,
mudstones and sandstones that were deposited under lacus-
trine, playa-lake and fluvial environments, thus reflecting at the
onset of the P-L II cycle a rapid return to more humid condi-
tions. During the P-L II cycle, a freshwater lake occupied the
northern part of the PRB in which mainly clays were deposited.
As in the lower part of these lacustrine deposits (Resko 1 and
Resko 3 boreholes) more clays occur than in its upper parts, the
more clayey lower sequence presumably represents a period of
maximum flooding and bathymetric stability of this lake. In
profiles of the P-L II cycle, regular coarsening-upward succes-
sions are observed, reflecting the gradual progradation of flu-
vial plains and sparse fluvial channels into the basin from
northern and possibly also western source areas. The occur-
rence of alternating aeolian and fluvial deposits in the Œwina
and K5 grabens can be compared to the alternation playa-lake
and aeolian sediments in the Pi³a Sub-Basin (boreholes
Œwinoujœcie 1 and Pi³a IG 1; Fig. 4).

ALLUVIAL AND FLUVIAL DEPOSITIONAL CYCLE
(AL II) (FIG. 3e)

Deposits of the AL II cycle consist of conglomeratic allu-
vial and sandy fluvial fans that advanced from the north into the

PRB, filling the Œwina, Samlino-Resko, S³owieñsko and
Œlepce grabens. This is here interpreted as reflecting a tectonic
rejuvenation of the palaeorelief and related erosional processes
in source areas, as well as a reactivation of fault systems outlin-
ing individual grabens. Systems of partly isolated conglomer-
atic alluvial fans prograded into these grabens, giving ba-
sin-ward way to sand-dominated fluvial fans and possibly also
playa deposits. Conglomeratic fans probably developed also on
the western slopes of the Mecklenburg-Vorpommern and east-
ern slopes of Trzebie¿-Stargard Horst and Graben Complex
(Fig. 3e) (Stargard and Prenzlau boreholes; Fig. 5). In the Pol-
ish Basin, sediments of the AL II cycle are assigned to the
Drawa Fm. (Table 1; Pokorski, 1981) and are likely to equate to
the basal parts of the Mirow Fm. in the North German Basin
(Schöder et al., 1995).

LOWER FLUVIAL AND PLAYA-LAKE DEPOSITIONAL CYCLE
(P-L III) (FIG. 3f)

The sediments of this cycle were laid down in depositional
continuity with those of the preceding cycle and represent the
topmost member of the Polish Drawa Fm. that equates to the up-
per part of the Mirow Fm. of the North German Basin. Deposits
of the P-L III cycle are only preserved in areas of highest subsi-
dence rates, such as the Samlino-Resko Graben and the axial
zone of the Czaplinek Sub-Basin. Originally, they extended over
a somewhat larger area but were eroded at the onset of the subse-
quent AL III cycle (e.g. on Czaplinek Tectonic Step, Fig. 4).
Sediments of the P-L III cycle consist of fluvial sandstones and
fine-grained conglomerates with mudstone intercalations, and of
lacustrine mudstones in local depocentres. The source of these
clastics was probably located to the N and NE, as indicated by
the prevalence of lithic clasts (Maliszewska and Pokorski, 1986).
This increase in clastic supply to the PRB is interpreted as her-
alding the progradational cycle that culminated in conglomeratic
sedimentation during the subsequent AL III depositional cycle.
This contradicts the view that the Noteæ cycle (sensu Pokorski,
1981) commenced with conglomerates in the central part of the
basin (Czaplinek IG 2 borehole).

ALLUVIAL AND FLUVIAL DEPOSITIONAL CYCLE
(AL III) (FIG. 3g)

Deposits of this cycle are very widespread in the Polish Ba-
sin where they form the basal part of the Noteæ Fm. that is
equivalent to the lower part of the Dethlingen Fm. of the North
German Basin (Table 1). During this cycle progradation of flu-
vial systems reached a peak and spread over almost the entire
PRB. Following erosion of older deposits across such actively
rising fault blocks as the Moracz High and the Czaplinek Tec-
tonic Step, these were progressively onlapped and overstepped
by the AL III conglomerates (Figs. 4 and 5). Whereas in the
northern part of the basin the cycle consists predominantly of
alluvial fan deposits, alluvial plain facies, periodically domi-
nated by fluvial facies, prevail in its southern parts. Only in the
southernmost parts of the basin, in the area to the south of the
Golce 1 borehole, may the conglomeratic/sandy AL III depos-
its give way to sandstones. In the Czaplinek IG 1 profile, a
gradual upward transition from coarse-grained (conglomeratic)
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alluvial fan deposits to finer fluvial deposits is observed
(Fig. 4). Here, the conglomerate components consist of Devo-
nian and Carboniferous carbonates and siliciclastic rocks. As
this applies also to the boreholes Czaplinek IG 2 and Golce 1,
the bulk of these conglomerates were derived from source ar-
eas located to the E and NE.

The widespread extent of the AL III deposits points to the
development of an ever-expanding alluvial plain with a fairly
smooth palaeorelief, and to the coalescence of the Czaplinek
and Pi³a sub-basins. The vast area covered by sediments of this
cycle reflects long-lasting erosion of source areas located to the
N (West Pomerania Upland) NE and SW. At the end of the cy-
cle, the Polish and North German parts of the Upper Rotliegend
Basin were still partly separated by the vast area of palaeohigh
(Fig. 3g). Deposits associated with this depositional event are
represented in the eastern part of the North German Basin by
the conglomerates and sandstones of the lowermost part of the
Dethlingen Fm. (Schöder et al., 1995; Table 1).

UPPER FLUVIAL AND PLAYA-LAKE DEPOSITIONAL CYCLE
(P-L IV) (FIG. 3h)

Deposits of this cycle form the middle part of the Noteæ Fm.
of the PRB and are essentially equivalent to the upper parts of
the Dethlingen and the basal parts of the Hannover formations
of the North German Basin. Although clastic influx into the
PRB, mainly from northern sources, gradually abated during
this depositional cycle, basin margins and intra-basinal highs
(e.g. Moracz High) were slowly overstepped whilst subsidence
of the Czaplinek Sub-Basin increased. At the same time activ-
ity along basin and block bounding faults decreased (Figs. 4
and 5). In the northern parts of the basin, thin alluvial conglom-
erates were deposited that pass southward into fluvial sand-
stones and mudstones which attain in the Piaski region a maxi-
mum thickness of 30 m. These small thicknesses reflect insig-
nificant subsidence rates for this area, preventing fluvial
aggradation. Correspondingly, sediments preserved in the
northern, marginal parts of the basin represent multiple stages
of fluvial transfer from the N to the S. To the S of the Piaski
Horst, increasing subsidence rates accounted for a conspicuous
thickness increase of P-L IV deposits, as well as their upward
and lateral transition to playa-lake facies. In the center of the
Czaplinek Sub-Basin, these deposits attain thicknesses of more
than 280 m and consist of cyclically alternating fluvial sands
and playa-lake clays, as evident in the Resko-Czaplinek region
(Fig. 4). In the Pi³a IG 1 and Czaplinek IG 2 boreholes, fluvial
P-L IV deposits contain thin aeolian sandstone intercalations,
suggesting that by this time the Czaplinek and Pi³a sub-basins
had amalgamated. By the end of the P-L IV cycle, the
Trzebie¿-Stargard area had been largely overstepped, thus pro-
viding for a broad connection between the Polish and North
German basins (Fig. 3h).

UPPER PLAYA-LAKE AND FLUVIAL DEPOSITIONAL CYCLE
(P-L V) (FIG. 3i)

This cycle represents the terminal Upper Rotliegend depo-
sition and is capped by the marine basal Zechstein Copper
Shale. It corresponds to the top part of the Polish Noteæ and the

North German Hannover formations (Table 1). Sediments of
the cycle occur throughout the PRB and are mostly represented
by playa-lake and fluvial deposits, with the latter occurring
along its northern margin and having a wider distribution in its
NE marginal parts. During the cycle, the PRB subsided region-
ally in response to lithospheric cooling and contraction with no
evidence for further reactivation of its fault systems (Figs. 4 and
5). At the same time, clastic supply to the basin, mainly from N
and NE sources diminished. This accounted for the develop-
ment and wide lateral extent of a playa-lake that was connected
to the North German Basin. In the Polish Basin, the P-L V de-
posits consist of muddy sediments containing sandy intercala-
tions and of cyclically alternating fine-grained sandstones and
mudstones. Sedimentary cycles, observed in the most complete
profiles (boreholes Resko 1, Resko 3, Czaplinek IG 1,
Czaplinek IG 2, Golce 1, Pi³a IG 1) show recurrent stages of
high/low rates of accommodation space development, causing
fluctuations in the development of fluvial depositional system,
as evidenced by fining-upward, coarsening-upward and sym-
metrical cycles. Analysis of these cycles in terms of their occur-
rence, succession and variability documents the migration of
depocenters in space and time during the deposition of the
playa-lake complex. In the uppermost part of Czaplinek IG 1
and Czaplinek IG 2 boreholes, brecciated levels are attributed
to the growth and dissolution of salt crystals. The lack of desic-
cation cracks speaks, however, for the persistence of the P-L V
cycle playa-lake.

Towards the end of the Rotliegend sedimentation and prior
to the transgression of the Zechstein Sea, playa deposits
reached far to the north, almost to the depositional limit of
Rotliegend sediments. This can be attributed to the regional
thermal subsidence of the basin, a related relative rise in ero-
sional base level and a reduction of clastic influx (Plumhoff,
1966; Rieke et al., 2001). Rieke et al. (2001) claimed that the
dominance of more fine-grained deposits (the so-called “phase
III” in the southern Rügen), observed in the northeastern part of
the Mecklenburg-Vorpommern palaeohigh, resulted from the
fact that this formerly isolated region was tilted towards the
SW. This tilting was caused by the thermal subsidence of the
central part of the North German Basin. Thus, during upper-
most Havel and Elbe Subgroup times, the northern margin of
the northeastern German basin formed. If this were so, then de-
velopment of the uppermost playa-lake deposits would proba-
bly reflect one of the longest depositional periods in the devel-
opment of the entire Southern Permian Basin.

ROTLIEGEND IN WESTERN POMERANIA AND
EASTERN MECKLENBURG-VORPOMMERN —

INTERPRETATION AND DISCUSSION

Rotliegend depositional cycles recognized in the Polish Ba-
sin appear to correlate with similar cycles in the North German
Basin, as summarized in Table 1 (Gebhardt et al., 1991;
Helmuth and Süssmuth, 1993; Rieke et al., 2001; 2003;
Katzung and Obst, 2004). In the studied NW part of the PRB,
the lower part of the Drawa Fm. (cycles AL I to P-L II) was de-
posited in a system of tectonically active grabens, comparable
to the time-equivalent Parchim Fm. in Northern Germany
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(Gebhardt et al., 1991; Rieke et al., 2003). During the deposi-
tion of the upper part of the Drawa Fm. (cycles AL II, P-L III),
the area of sedimentation expanded while fault activity per-
sisted intermittently, as also seen during the deposition of the
Mirow Fm. in Northern Germany (Gebhardt et al., 1991;
Schöder et al., 1995). Deposits of the Noteæ Fm. (cycles AL III
to P-L V) reflect rapid broadening of the basin in response to
cooling and contraction of the lithosphere with fault activity
ending during cycle P-L IV. The cycles AL III and P-L IV cor-
respond in the North German Basin to the Rambow and Eldena
series that also reflect rapid basin subsidence (Schöder et al.,
1995). The cycle P-L V equates in the North German Basin to
the Peckensen and Mellin Beds during the deposition of which
this basin expanded significantly (Gebhardt et al., 1991).

The Rotliegend sediments of the R�nne and K5-Gryfice
grabens (Vejb�k et al., 1994) are here thought to be equiva-
lents of the Drawa Fm. rather than the Noteæ Fm., as postulated
by Hoffmann et al. (1997) and Pokorski (1998b). As such,
these basins form an integral part of the graben system that be-
gan to subside at the transition from the Early to the Late Perm-
ian in the area of the TESZ in response to last pulses of
wrench-deformation along the sinistral TTZ and SFTZ
(Dadlez, 1990, 2000). Pokorski (1998b) claimed that infilling
of the K5 Trough with aeolian deposits was time equivalent

with the deposition of the Noteæ Fm. We argue, however, that
these troughs were formed during the early tectonic reorganiza-
tion stages of the large TESZ area. Sediments infilling these
troughs (alluvial/fluvial in the northern part and fluvial/aeolian
in the southern part) were deposited during recurrent stages of
tectonic subsidence. Aeolian deposits were formed during sev-
eral stages and their occurrence is associated with period of
maximum aeolian development during the deposition of the
lower part of the Upper Rotliegend.

Inferred ranges of sediments representing successive for-
mations of the Upper Rotliegend (Upper Rotliegend II) in
northeastern Mecklenburg (Germany) depend on the assumed
scheme of main tectonic fault zones controlling sedimentation,
as well as on the assumed lithostratigraphic correlation concept
(Hoffmann, 1990; Rieke et al., 2001, 2003; Katzung and Obst,
2004). Moreover, the concept of stratigraphic correlation be-
tween the Polish Basin and the NE North German Basin de-
pends on criteria on which the lithostratigraphic subdivisions
are based (Pokorski 1988a; Schneider and Gebhardt, 1993;
Hoffmann et al., 1997). According to Pokorski (1981, and his
co-workers), one can distinguish in the PRB two conspicuous
diastrophic-sedimentary cycles corresponding to the Drawa
and Noteæ formations. Additionally, Pokorski (1981, 1988a)
distinguished lithostratigraphic members, including the Resko
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Mb., representing a characteristic claystone complex in the
Resko 1 borehole (Table 1). However, this author abandoned
distinguishing these members in his late papers (Pokorski,
1990). Later, Pokorski (1998a), modified his stratigraphic sub-
division, introducing new, informal lithostratigraphic units
based on depositional sequences, distinguished earlier by
Kiersnowski (1997, 1998). Furthermore, Pokorski advanced
both Drawa and Noteæ formations to the rank of subgroups.
These changes were aimed at unification with the changes in-
troduced to the Rotliegend stratigraphy of the North German
Basin (Hoffmann et al., 1997; Schöder et al., 1995). Another
lithostratigraphic subdivision, introduced for the PRB by
Karnkowski (1981, 1987), is not discussed here, as it cannot be
compared to the NE North German Basin stratigraphy. The lat-
ter is based on depositional cyclicity, in which the beginning of
every individual sedimentary cycle (irrespectively of its origin)
is well defined (Helmuth and Süssmuth, 1993).

On the flanks of the large NW–SE oriented Mecklen-
burg-Vorpommern High the occurrence of Parchim Forma-
tion deposits is spotty according to German authors
(Hoffmann, 1990; Rieke et al., 2003; Katzung and Obst, 2004).
On the Mecklenburg-Vorpommern High, isolated remnants of
Parchim deposits have been encountered that are interpreted as
the fill of palaeovalleys (Lindert et al., 1990; Hoffmann, 1990;
Rieke et al., 2003) through which clastics were transported
southward into the depocentre of the North German Basin. In
the latter, Parchim deposits attain thicknesses of over 600 m
(Schwerin 1 borehole; Schöder et al., 1995). By contrast, to the
NE of the Mecklenburg-Vorpommern High, Parchim and older
deposits (Müritz Subgroup) are 500–600 m thick in the elon-
gated Strelasund Trough (Hoffman et al., 1997). This trough,
which parallels the Mecklenburg-Vorpommern High, is
bounded to the NE by the Sudrügen High and finds its on-trend
prolongation in the Œwina Graben of Poland. Parchim equiva-
lent deposits attain thicknesses of over 370 m in the Czaplinek
Sub-Basin of Poland and over 400 m in the K5 Graben.

During the deposition of the Mirow Formation, the
Mecklenburg-Vorpommern High and its extension into Poland
were devoid of a stable sedimentary cover and acted as a clastic
source area (Katzung and Obst, 2004). However, the SW mar-
gin of this palaeohigh was progressively overstepped during
the deposition of the Mirow Fm. (see Fig. 5, boreholes
Prenzlau and Penkun; Gast et al., 1998; Schöder et al., 1995).
Deposits of this formation attain maximum thicknesses of
450 m in the North German Basin (borehole Schwerin 1;
Schöder et al., 1995), and 200 m in the Czaplinek Sub-Basin of
Poland (borehole Czaplinek IG 2; Fig. 5) but appear to be miss-
ing in the Strelasund Trough (Rieke et al., 2003). Whether the
topmost 43 m thick conglomerates occurring in the K5 Graben
equate to the Mirow Fm. is uncertain.

Correlations between the Rotliegend deposits of the North
German and Polish basins are based on the results of the bore-
holes Mirow 1, Wesenberg 1, Feldberg 1, Prenzlau 1 and
Penkun 1 in Germany (Schöder et al., 1995; Gast et al., 1998)
and Stargard 1 in Poland (see Figs. 2 and 5B). However, as the
Stargard 1 borehole cannot be unequivocally correlated with
the most important Rotliegend profiles of the PRB, major un-
certainties remain, with the correlation presented here being
only one of several options. Therefore, comparative analyses of

the depositional development of both basins in terms of tec-
tonic and palaeoclimatic controls are of crucial importance
(Kiersnowski, 1998; Karnkowski, 1999). Deposits attributed to
the Mirow Fm. are in the Prenzlau 1 borehole 80 m thick, whilst
in the Stargard 1 borehole deposits regarded as Mirow Fm.
equivalents, are only 20 m thick (Fig. 5). The question, whether
these deposits formed a continuous sedimentary cover, has not
been answered as yet. During the deposition of the Mirow Fm.,
the North German and Polish Basins were in all likelihood still
separated by the Mecklenburg-Vorpommern-Trze-
bie¿-Stargard palaeohighs, as shown in Figures 3e and f. Ac-
cording to published stratigraphic correlations, the Mirow Fm.
deposits reach as far as east of the Prenzlau borehole location
(Gast et al., 1998; Schöder et al., 1995) and probably to the
Penkun borehole location. In the light of analyses presented
herein, and a comparison with the Friedland 1 borehole profile,
the occurrence of these deposits in the lowermost part of the
Rotliegend in the Pasewalk 2 borehole is unlikely. These de-
posits may represent an equivalent of lower or middle part of
the Rambow Beds (Table 1). In the North German Basin, the
Dethlingen Fm. broadly overstepped the depositional limits of
the Mirow Fm. Its distribution is limited to the NE by the
Strelasund Tectonic Zone (Hoffmann et al., 1997) that is con-
sidered to form the axis of the Strelasund Trough (Rieke et al.,
2001). Whereas Gebhardt et al. (1991) proposed that the
Dethlingen Fm. extends eastward into the Polish Basin, Rieke
et al. (2003) claimed that it does not reach beyond the Ger-
man-Polish border zone. In our palaeogeographic reconstruc-
tion (Fig. 3g), we show a zone of palaeohighs, associated with
the Kamieñ-Stargard Fault Zone that may have formed an ef-
fective barrier separating the North German and Polish basins,
particularly in palaeohydrological terms.

The Dethlingen Formation attains a thickness of 675 m in
the northern part of the North German Basin (borehole
Schleswig Z1; Schöder et al., 1995), and its counterpart in the
PRB almost 400 m (Czaplinek IG 2). However, as the bound-
ary between the Dethlingen and Hannover formations has not
yet been established in the PRB, the thickness quoted for the
borehole Czaplinek IG 2 must be considered as tentative.

During the deposition of the Hannover Formation, the
Rotliegend basins of Northern Germany and Poland attained
their maximum extent and became widely connected (Fig. 3h
and i). Nevertheless, the northern depositional limit of the
Hannover Fm. overstepped only marginally that of the
Dethlingen Fm. in the area of the Strelasund Fault Zone. The
Hannover Fm. attains in the northern part of the North German
Basin a thickness of almost 700 metres (borehole Schleswig Z1;
Schöder et al., 1995), and some 300 m in the Polish Basin
(Czaplinek IG 2). Deposits of the Hannover Fm. show genetic
similarities in both basins, with the only difference being the ab-
sence of a typical saline facies in the Polish Basin, though nu-
merous sediment deformation levels were observed in the upper
parts of the boreholes Czaplinek IG 1 and IG 2 that can be attrib-
uted to the growth and dissolution of halite crystals.

It is still an open question whether Rotliegend formation
boundaries and palaeoenvironments (including their
palaeoclimatic interpretation) distinguished in the North Ger-
man Basin find indeed their counterparts in the Polish Basin
(Table 1). This pertains particularly to the Parchim-Mirow and
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Drawa successions. For instance, the maximum northward ex-
pansion of aeolian sandstones in the North German Basin
(Rieke et al., 2003) appears to correlate with the period of max-
imum sandy desert development in the PRB. The aeolian
Schneverdingen Sandstone (Drong et al., 1982) of the Parchim
Fm. that was generally deposited in grabens (Gast, 1988) is
time-equivalent with the Ae cycle of maximum aeolian sedi-
ment expansion of in the SE part of the PRB where they attain
thicknesses of 500–600 m in the Poznañ Trough (Kiersnowski,
1997, 1998). However, so far no aeolian sandstones have been
reported from the Parchim or Mirow formations in the NE part
of the North German Basin (McCann, 1998; McCann et al.
2000). Similarly, the increase in fluvial and aeolian sandstones
in the Wustrow Member (lower Hannover Fm.) of the North
German Basin (Gast et al., 1998) appears to correlate with a
rapid increase in fluvial and possibly also aeolian sandstones at
the transition from cycle P-L IV to P-L V in the central parts of
the Polish Basin.

Furthermore, there are differences in the structural configu-
ration and possibly also the tectonic evolution of the North
German and Polish Basins. Although is was recently accepted
that the tectonic evolution of both basins was rather similar in
terms of main tectonic events (Gebhardt et al., 1991; Plein,
1993; Hoffmann et al., 1997; Schneider and Gebhardt, 1993;
Pokorski 1988a, b), faulting may have played a more important
role in the evolution of the Polish Basin that is superimposed on
the TESZ and the TTZ–STZ, at the NW termination of which
the Oslo Rift opened during latest Carboniferous and Early
Permian times (Neumann et al., 2004).

DISCUSSION AND CONCLUSIONS

Our review of the evolution of the Polish Upper Rotliegend
Basin attempts to document that syn-depositional faulting ex-
erted a conspicuous control on the facies development of the
Rotliegend deposits and their characteristic multi-stage develop-
ment, particularly during the accumulation of the Drawa and
lower parts of the Noteæ formations. Moreover, our studies show
that the northern margin of the PRB is very irregular and reflects
the complex tectonic structure of its pre-Permian basement, con-
trary to the interpretation by Pokorski (1990). In previous stud-
ies, little heed was given to the fact that the PRB was repeatedly
supplied with a large amount of sediments derived from an area
located to its N, here referred to as the Western Pomeranian Up-
land (Fig. 3). In this area deep erosion affected not only the
pre-Permian basement but also earlier deposited Rotliegend sed-
iments. Thus, the present northern limit of the Rotliegend depos-
its does not represent their primary depositional limit that period-
ically extended further. A similar view was expressed by Dadlez
(1990) in his tectonic analysis of the of the SW Baltic area. In
this area, coarse-grained sediments contained in numerous,
poorly defined tectonic troughs may represent the youngest
Rotliegend successions, though it cannot be excluded that they
may be considerably older, as in the case of the K5 Graben (Ta-
ble 1). It is uncertain how far south the Rotliegend deposits of the
K5 Graben extend and whether they were connected with those
of the the S³owieñsko Graben (Fig. 2).

The revised Upper Rotliegend isopach map presented in
Figure 2 clearly reflects the structure of the pre-Permian base-
ment and the relationship between basement fault zones and
rapid lateral Rotliegend thickness changes. Previously pub-
lished palaeogeographic and isopach maps were based on
partly different reconstructions of the structural configuration
of the basement (see maps by Pokorski 1988b, 1990, 1998b).
For example, the orientation of the much quoted S³owieñsko-
Œlepce-Daszewo grabens, erroneously interpreted as a fluvial
palaeo-channel (Pokorski, 1990), could not be confirmed. Al-
though the isopach map presented in Figure 2 is based on all ac-
cessible boreholes, thickness values given for large parts of the
studied area must be considered as tentative owing to limited
borehole control. Nevertheless, the general division of the ba-
sin into a northern shallower and the southern deeper part is
well founded and conspicuous. Generally, the northern part of
the PRB is characterized by an array of horst and grabens and
sharp lateral thickness changes of Rotliegend deposits, reflect-
ing the tectonic mobility of the different basement blocks.
Moreover, there is evidence for repeated erosion, sediment
by-pass and deposition of generally thin Rotliegend series on
horsts (Fig. 5). Although the structural configuration of the
pre-Permian basement beneath the Rotliegend depocentres of
the southern parts of the basin is poorly controlled, it may be as
complex as in its northern, shallower parts.

Considering the entire PRB, it is evident that during the de-
position of the Drawa Fm. fluvial and lacustrine environments
dominated its northern parts whilst aeolian and playa lake envi-
ronments dominated in the south. This points towards the pres-
ence of an extensive drainage system in areas to the N and NE
of the basin that is consistent with their multi-stage erosion. Ap-
parently, considerable wetter climatic conditions dominated
sedimentary processes in the northern parts of the basin than in
its southern parts. In the southern parts of the basin, aeolian
conditions were episodically interrupted by fluvial regime
(Kiersnowski, 1997), whereas in its northern parts predominant
fluvial and lacustrine conditions were interrupted by conspicu-
ous aeolian episodes, such as the Piaski episode (Ae cycle;
Fig. 3c). Earlier analyses (Kiersnowski, 1997, 1998) show that
aeolian sequences are interrupted by a number of ero-
sional/non-depositional hiatuses. These can be related to wetter
periods, corresponding to fluvial/lacustrine sedimentation in
the north and cyclic changes of the spatial extension of the cen-
tral playa lake. In this paper, we emphasize the occurrence of
aeolian deposits in the northern part of the PRB, an aspect that
was generally neglected by previous authors. During periodical
low humidity stages, aeolian sheet sandstones extended from
the southern parts of the basin as far N as the Miêdzyzdroje
area, where they may form potential gas reservoirs.

In the PRB, the distribution of lithofacies in time and space
manifests the recurrent appearance of fluvial and aeolian envi-
ronments and, as such, resembles the sedimentary evolution of
Permian and Jurassic basins in USA (Mountney and Jagger,
2004; Clemmensen et al., 1989), as well as of the Upper
Rotliegend Group in the UK sector of the southern North Sea,
from which similar alternations of playa and aeolian
depositional systems have been reported (Sweet, 1999). An un-
derstanding of the mutual interaction between these two
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depositional systems is of key importance for explaining the
significance and interplay between syn-sedimentary tectonic
subsidence and palaeoclimatic conditions.

In the area of the PRB differential motions of basement
blocks controlled the subsidence pattern of individual troughs,
the relative stability and even uplift of horsts, until regional
thermal subsidence of the entire basin became dominant during
the later parts of the Noteæ Fm. time. The tectonic
Adler-Kamieñ-Stargard Zone (probably a transpressional
strike-slip zone) apparently played a crucial role in terms of dif-
ferences in the development of the Polish and North German
Rotliegend basins. The Trzebiatów Fault Zone, similar to the
Adler-Kamieñ-Stargard Fault Zone, was activated during the
Early Permian by strike-slip movements, giving rise to
transtensional and transpressional deformations, and remained
intermittently active during the earlier parts of the Upper
Rotliegend deposition. Its activity, coupled with strike-slip
movements along the Laska-Piaski Fault (Fig. 2), may be re-
sponsible for the development of Œlepce and Samlino-Resko
grabens. These are probably transtensional features separated
by a system of horsts along Trzebiatów Fault Zone
(Trzebusz-Gorzys³aw-Petrykozy horsts passing to SE into
S³awoborze-Ciechnowo Horst — region of S³awoborze and
Ciechnowo boreholes; Figs. 2 and 5). During deposition of the
of Rotliegend series, tectonically-controlled depressions paral-
leling the Trzebiatów Fault Zone played and important role in
the development a N–S directed fluvial drainage system
through which clastics were supplied to the Czaplinek
depocentre from northern sources.

Wrench tectonics is most probably responsible also for the
development of the Czaplinek Sub-Basin forming the main
depocentre in the study area. During the accumulation of the
lower Upper Rotliegend, syn-depositional faulting controlled
its subsidence, as evidenced for instance along the margins of
the Piaski Horst and Golce High (Fig. 4). Correspondingly, this
sub-basin may be interpreted as a large pull-apart structure that
remained active during the earlier stages of Rotliegend deposi-
tion before it began to subside regionally during the accumula-
tion of the upper parts of the Rotliegend series (Fig. 2 and 4).
On the regional structural cross-section, given in Figure 4, the
Resko and Czaplinek tectonic steps are shown in the area of the
Czaplinek Sub-Basin. In our view, these steps influenced
Rotliegend sedimentation particularly during the earliest stages
of basin development. Moreover, they may represent marginal
elements of the pull-apart system that embraced the entire
Czaplinek Sub-Basin that is bounded to the NE by an extension
of the Trzebiatów Fault Zone and to the SW by the fault delim-
iting the Golce High to the north. Similar to the Czaplinek
Sub-Basin, also the Pi³a Sub-Basin is interpreted as having
evolved as a pull-apart structure during the deposition of the
earlier part of the Upper Rotliegend.

During early evolutionary stages of the PRB, tectonic reacti-
vation of the NE segment of the TEF played more important role
than was hitherto believed. Tectonic movements of individual
blocks located along the TEF allowed for the deposition of re-
duced or stratigraphically condensed Rotliegend sequences only.

The mid-basinal Golce High and the Czaplinek Tectonic
Step were periodically uplifted and eroded and were delivering

sediments to the adjacent depocentres (Fig. 4). This contradicts
the model of Pokorski (1998b), according to which the
Czaplinek-Pi³a part of the basin underwent continuous subsi-
dence during the deposition of the Upper Rotliegend series.

It is proposed here that the R�nne and K5-Gryfice grabens,
located to the SW and S of Borholm (Figs. 1 and 2), were acti-
vated at the same time as the grabens of the northern part of
PRB during the deposition of the lower parts of the Drawa Fm.
Sediments contained in these grabens span, according to our in-
terpretation, much of this formation (Table 1) and do not equate
to the Noteæ Fm., as proposed by Pokorski (1998a). The ae-
olian sandstones in the K5 Graben reflect episodes of maxi-
mum northward aeolian facies expansion during the deposition
of the Parchim-lower Drawa formations.

Conspicuous temporal correlations between the Rotliegend
deposits of the NW parts of the Polish Basin and the NE parts of
the North German Basin suggest synchronous reactivation of
fault systems controlling the main stages of their evolution, as
well as the onset of their regional thermal subsidence. The cli-
mate-controlled cyclicity of Rotliegend deposits requires fur-
ther research on a basin-wide scale.

In summary, our analysis supports the view that in the Polish
Basin, deposition of the Upper Rotliegend series was initially
confined to tectonic troughs that developed under a
transtensional stress field. Only during the later stages of the
Rotliegend, when fault activity had decreased and ultimately
ceased, were the margins of these troughs permanently
over-stepped and the basin widened out in response to its thermal
subsidence. In this respect, the evolution of the Polish Basin
shows great similarities to that of the North German Rotliegend
Basin (Gast, 1988; Gebhardt et al., 1991; Hoffmann et al., 1997).

The tectonic framework of the NW parts of the Polish
Rotliegend Basin, as well as major thickness changes across
faults, as outlined in Figure 2, show that syn-depositional reacti-
vation of pre-existing fault systems played an important role,
particularly during the early development stages of this basin.
Underlying diastrophic events, involving the development of a
composite system of faults and tectonic reactivation zones, are
not yet fully understood. Nevertheless, they appear to reflect last
pulses of the post-Variscan tectonic reorganization that, in time,
gave way to thermal relaxation of the lithosphere as the dominant
subsidence mechanism of the Late Permian and Mesozoic Polish
Basin (Dadlez et al., 1995; Van Wees et al, 2000).
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