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Triassic-Jurassic evolution of the Pomeranian segment
of the Mid-Polish Trough — basement tectonics
and subsidence patterns
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Krzywiec P. (2006) — Triassic-Jurassic evolution of the Pomeranian segment of the Mid-Polish Trough — basement tectonics and sub-
sidence patterns. Geol. Quart., 50 (1): 139-150. Warszawa.

Based on reflection seismic data, a regional tectonic model was constructed for the sub-Zechstein basement of the Pomeranian (NW) seg-
ment of the Mid-Polish Trough (MPT). This model is based on the concept that the thick Zechstein salts acted on a basin-wide scale as a
mechanical decoupling layer during the Mesozoic evolution of the MPT. Due to this regional decoupling effect, Mesozoic extensional
faulting was mostly restricted to the sub-Zechstein salt basement whilst normal faulting played a subordinate role in the Mesozoic
syn-extensional sedimentary series characterized by gradual lateral thickness changes. Locally, normal faulting affecting Mesozoic se-
ries triggered the development of salt diapirs. Mechanical decoupling of Mesozoic series from their pre-Zechstein substratum played also
an important role during the Late Cretaceous-Paleogene inversion of the Mid-Polish Trough. Taking into account: 1— the location of
Mesozoic thickness gradients, 2 — the structural configuration of the sub-Zechstein basement, and 3 — the location of salt structures, a
tectonic map was constructed showing the inferred sub-salt fault zones that were active during the subsidence and inversion of the Pom-
eranian part of the MPT. A high degree of correlation was achieved between the seismically mapped regional sub-salt structural patterns
and magnetic and gravity features, as well as the main inversion structures. Moreover, a very good correlation was established between
the inferred basement fault zones and the gross thickness patterns of the Triassic-Jurassic successions. The NE boundary of the MPT was
generally controlled by the SW margin of the East European Craton, whilst its SW boundary coincides with a system of fault zones most
probably inherited from earlier tectonic phases. Contrary to previous hypotheses, there is no evidence for important strike-slip faulting
transverse to the main axis of the Pomeranian segment of the MPT.
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INTRODUCTION Depending on the thickness of the decoupling salt layer, the
thickness of its overburden and the magnitude and rate of
“basement” faulting during extensional basin subsidence, vari-
ous structures can form in the supra-salt sequences. These in-
clude various scales of forced folds, i.e. forced folds that de-
velop above deep-seated normal faults, and systems of planar
or listric normal faults that are restricted to the supra-salt series
and sole out in the salt layer (¢f. Withjack et al., 1990; Bishop et
al., 1995; Stewart, 1999; Withjack and Callaway, 2000). Such
supra-salt fault systems can be considerably offset with respect
to the deep-secated master fault zones that controlled the
extensional basin subsidence. Correspondingly, they can be re-
garded as so-called peripheral structures that are located out-
side the main subsidence axis of the basin. Moreover, such pe-
ripheral fault systems can also be reactivated during compres-
sional basin inversion (Brun and Nalpas, 1996).

In the Mid-Polish Trough (MPT), Mesozoic series accumu-
lated in depositional continuity with the Late Permian Zechstein
evaporites that in turn overlay early Late Permian continental
Rotliegend clastics. These rest unconformably on Early Permian
volcanics and Carboniferous and older sediments.

Comparably to other sedimentary basins that contain thick
salt layers, the Zechstein salts exerted a strong control on the
structural and sedimentary architecture of the Mid-Polish
Trough during its tensional Mesozoic subsidence as well as
during its Late Cretaceous-Paleocene inversion by acting as a
mechanical decoupling layer between the sub-salt “basement”
and the supra-salt sedimentary sequences (e.g. Brun and
Nalpas, 1996).
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During the extensional basin subsidence, salt layers under-
lying a thick sedimentary overburden can start to flow, giving
rise to the development of a variety of halotectonic structures,
such as salt diapirs, salt pillows and salt walls. Salt flow can be
triggered by extensional faulting of the sub-salt “basement”
(e.g. Koyi et al., 1993; Jackson and Vendeville, 1994; Dooley
et al., 2005), as well as by thin-skinned extension of the
post-salt sedimentary cover (Vendeville and Jackson,
1992a, b), and differential sedimentary loading of the salt layer
(Worrall and Snelson, 1989). In intracontinental settings, salt
structures are particularly often related to sub-salt fault zones as
in such basins localized extension and subsidence is associated
with significant faulting within the pre-salt basement (e.g.;
Koyi and Petersen, 1993; Koyi et al., 1993; Christensen and
Korstgard, 1994; Amor, 1999; Al-Zoubi and ten Brink, 2001;
Larsen et al., 2002).

Halotectonic structures are particularly well developed in
the Southern Permian Basin of Europe that extends from the
southern North Sea to Poland and that has undergone a
polyphase Mesozoic and Cenozoic evolution (Fig. 1; Ziegler,
1990; Stewart and Coward, 1995; Kockel, 1998; Scheck et
al., 2003).

The presence of a thick salt layer at the base of the sedimen-
tary infill of a basin often results in poor seismic resolution at
sub-salt basement levels, as evaporites attenuate seismic en-
ergy. Therefore, analyses of the basement tectonic style often
rely partly on indirect information, such as gross sedimentary
patterns of the supra-salt cover and the style of the salt and
cover tectonics.

This paper summarizes the results of a regional analysis of
industrial seismic reflection data from the NW Pomeranian
segment of the Mid-Polish Trough with emphasis on the identi-
fication of potential sub-salt (sub-Zechstein) basement fault
zones that were active during the extensional subsidence and
subsequent inversion-related uplift of this basin (¢f. Krzywiec
and Wybraniec, 2003; Krzywiec, 2004a; Krzywiec et al.,
2006). The inferred regional basement fault system will be
compared with regional Triassic and Jurassic thickness maps
and potential field maps. In order to clarify the pre-inversion
Triassic-Jurassic evolution of the Mid-Polish Trough, selected
topics on the Late Cretaceous-Paleogene inversion tectonics
will be addressed (see also Krzywiec, 2006).

GEOLOGICAL SETTING

The Mid-Polish Trough (MPT) formed the axis of the Pol-
ish Basin that forms part of the Permian-Mesozoic system of
West- and Central-European epicontinental basins (Ziegler,
1990). During the Permian, the MPT formed the easternmost
part of the Southern Permian Basin (Kiersnowski ef al., 1995;
Van Wees et al., 2000). Prior to its Late Cretaceous-Paleocene
inversion, the MPT was filled with several kilometres of Perm-
ian and Mesozoic sediments, including thick Zechstein salts
(Marek and Pajchlowa, 1997; Dadlez et al., 1998). The pres-
ence of these Zechstein salts gave rise to the development of a
complex system of salt structures in the central and north-west
segments of the MPT. In this basin, various aspects of salt tec-
tonics have been analysed by numerous authors, including e.g.
Sokotowski (1966), Dadlez and Marek (1969, 1974), Burliga,
(1996) (for summaries and further references see e.g.
Pozaryski, 1977; Tarka, 1992 and Krzywiec, 20045, c).

The MPT evolved along the NW-SE trending Teisseyre-
Tornquist Zone (TTZ) that is one of the most important
crustal-scale boundaries in Europe (Kutek and Gtazek, 1972;
Pozaryski and Brochwicz-Lewinski, 1978; Dadlez et al., 1995;
Dadlez, 1997a, b, 1998, Kutek, 2001). This zone is character-
ized by a very complex crustal structure, as recently imaged by
high-quality deep refraction data (Grad ef al., 2002; Grad and
Guterch, 2006; Guterch and Grad, 2006). The NE boundary of
the TTZ generally coincides with the SW boundary of the East
European Craton (Krdlikowski and Petecki, 1997, 2002;
Grabowska et al., 1998; Pozaryski and Nawrocki, 2000;
Grabowska and Bojdys, 2001; Grad et al., 2002; Grad and
Guterch, 2006) whilst its SW boundary lies within the
Trans-European Suture Zone, which covers the Caledonian
and Variscan deformation fronts and includes a number of
partly hypothetical terranes (e.g. Pharaoh, 1999; for recent
summaries see Grad et al., 2002; Mazur and Jarosinski, 2006).

One of the major problems concerning the evolution of the
MPT, and particularly of those its parts that contain thick
Zechstein salts, is the relationship between regional subsi-
dence during the deposition of the Mesozoic succession, and
possible extensional faulting in the pre-Zechstein “base-
ment”. Tectonic subsidence curves reveal three major pulses
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Fig. 1. Distribution of salt struc-
tures (light blue — salt pillows,
dark blue — salt diapirs) related
to the Southern Permian Basin
(simplified after Lockhorst,
1998; Dadlez and Marek, 1998)
on the background of the main
basement provinces of Europe,
showing the traces of the
Sorgenfrei-Tornquist Zone and
the Teisseyre-Tornquist Zone
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of increased subsidence rates during the Zechstein—Scythian,
Oxfordian—Kimmeridgian and early Cenomanian, all of
which are superimposed on an exponential thermal subsi-
dence trend (Dadlez et al., 1995; Karnkowski, 1999;
Stephenson et al., 2003). However, in the north-west and cen-
tral segments of the MPT, that contain thick evaporites, there
is no evidence for major, basin-scale extensional deformation
within the Mesozoic sedimentary sequences that could be re-
lated to these pulses of accelerated basin subsidence. Instead,
Mesozoic series are characterized by gradual thickness
changes and by rather gentle regional depositional patterns
that are not disturbed by major normal faults (¢f Dadlez,
2001, 2003; Wagner et al., 2002). Recently, this apparent
contradiction has been resolved by implying a tectono-sedi-
mentary model that involves regional mechanical decoupling
of the sub-Zechstein “basement” from the supra-Zechstein
Mesozoic series at the level of the Zechstein salts (Krzywiec,
2002a—c, 2004a—c). Under such a model, localized fault-re-
lated extensional strain at sub-Zechstein levels is regionally
dissipated in the Mesozoic series. Moreover, localized Meso-
zoic subsidence anomalies may be attributed to salt with-
drawal and/or dissolution, as seen e.g. in the North Sea (Clark
et al., 1999; Cartwright ef al., 2001). Nevertheless, pulses of
extension-induced subsidence apparently overprinted the
long-term regional thermal subsidence of the MPT, as evident
elsewhere in Europe (see Ziegler et al., 2004).

During the Late Cretaceous—Paleocene partial to total in-
version (cf. Bally, 1984) of the MPT, its uplifted axial part
was subjected to deep erosion (Fig. 3; Dadlez and Marek,
1969; Pozaryski and Brochwicz-Lewinski, 1978; Dadlez,
1997a, b; Krzywiec, 2002b; Mazur et al., 2005; Scheck-
Wenderoth and Krzywiec, in press). During inversion of the
Baltic and Pomeranian segments of the MPT, the basement
was uplifted above regional levels, whereas in the central,
Kuiavian segment of the MPT, the top of the basement, al-
though significantly uplifted as well, is still located below the
regional level (Fig. 4; Dadlez, 2001). By contrast, the SE seg-
ment of the MPT is characterized by the largest uplift, as evi-
denced by the exposure of the pre-Permian basement in the
Holy Cross Mts.

Detailed information on various aspects of the tectonic and
sedimentary evolution of the Pomeranian segment of the MPT
can be found in Pozaryski (1977), Jaskowiak-Schoeneich
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Fig. 2. Conceptual model for mechanical decoupling of pre-rift and syn-rift sediments
separated by a thick salt layer, based on results of analogue modelling

(modified after Mitra and Islam, 1994)
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Fig. 3. Location of regional seismic reflection data (red lines)
on the background of the geological map of Poland
without Cenozoic cover (Dadlez et al., 2000)

This map covers slightly larger area than that from Figures 1 and 5-10 in or-
der to show location of all regional seismic profiles from Figure 4; green
colours — Cretaceous, blue colours — Jurassic, pink colours — Triassic
(for more details see Dadlez et al., 2000)

(1979), Dadlez (1980), Raczynska (1987), Marek and Pajchlo-
wa (1997) and Narkiewicz (1998).

ROLE OF SALT DURING BASIN SUBSIDENCE
AND INVERSION — BASIN-SCALE DECOUPLING
EFFECTS ON DEPOSITIONAL PATTERNS

In the entire MPT, apart from very few exceptions (e.g.
Antonowicz et al., 1994), there is a virtual lack of reliable seis-
mic information on its structural configuration at sub-Zechstein
levels. Therefore, only indirect information can be used to infer
modes of basement tectonic activity responsible for the subsi-
dence and inversion of this basin. Refer-
ence points for such indirect analysis were
provided by the results of analogue model-
ling of subsidence and inversion processes.

Figure 2 shows a conceptual model for
extensional subsidence and compressional
inversion of a sedimentary basin that is de-
fined by a single basement fault, with a salt
layer covering the pre-kinematic sedimen-
tary succession. This model is based on the
original analogue model of Mitra and Is-
lam (1994) that did not contain a salt layer
and was focused on inversion processes.
By introducing a salt layer and some
changes in the supra-salt sedimentary
cover, their model was modified in order to

PRE-KINEMATIC
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Fig. 4. Interpreted regional reflection-seismic profiles crossing the Pomeranian segment of the Mid-Polish Trough, illustrating
structural relationship between sub-salt “basement”, Zechstein salt and post-salt sedimentary series

The top of the sub-salt “basement” (black hatched line) has been simplified and does not show numerous small-scale faults; basement fault zones labelled A
to H correspond to those shown in Figures 5-10; local intra-Upper Triassic unconformities are shown by thin black lines (profiles 3 and 4); vertical scale in

miliseconds; for location see Figure 2

highlight concepts that find application in the indirect analysis
of MPT basement tectonics.

The model presented in Figure 2 includes four building
blocks, namely the deep (“crystalline”) basement, its sub-salt
pre-kinematic sedimentary cover, the ductile salt layer, and the
supra-salt sedimentary succession that was deposited during
basement extension and basin subsidence. The deep basement
together with its sub-salt sedimentary cover can be regarded as
the sub-salt “basement”. In the MPT, the sub-Zechstein “base-
ment” consists of the Rotliegend clastics which rest on an up to
20 km thick succession of low velocity sediments and meta-
sediments that are underlain by a high velocity crust (Grad et
al., 2002; Grad and Guterch, 2006; Guterch and Grad, 2006).
The Zechstein salt layer is overlain by the Triassic-Cretaceous
sedimentary succession that can be regarded as the syn-kine-
matic supra-salt cover.

The stage shown in Figure 2A reflects subsidence of the
post-salt basin that was controlled by localized extensional fault-
ing of the basement and distributed faulting in its pre-salt sedi-
mentary cover (cf. Hardy and McClay, 1999). Basement faulting
triggered some salt movements and the localized growth of a salt
pillow over the crest of which the supra-salt sedimentary cover is
characterized by localized thinning. On a more regional scale,
the supra-salt succession thickens gradually towards the basin
centre and displays a grossly divergent pattern.

During partial basin inversion (Fig. 2B) the deep-seated
basement fault is reactivated in a reverse mode, causing uplift
of the entire hanging-wall block. Although only part of the
extensional strain along this fault was recovered during its re-
verse reactivation, as evidenced by a remaining normal offset at
top-basement level, the post-salt series are already uplifted
above the regional level. Reverse reactivation of the discrete
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basement fault was accompanied by complex deformation
along the distributed fault zone in the sub-salt sediments.

During total inversion of the basement fault (Fig. 2C) the
top-basement of the hanging-wall block was uplifted above the
level of the footwall block. Similarly, the distributed fault zone
in the sub-salt sediments was also fully inverted whilst the su-
pra-salt series were significantly uplifted.

As the analyzed model does not include syn- and post-in-
version erosion, the thickness of the supra-salt cover is fully
preserved. However, erosion of the elevated parts of the
post-salt sediments, which were thickest in the axial parts of the
now inverted basin, causes a significant reduction of their
thickness. Furthermore, the small salt pillow that had devel-
oped near the sub-salt fault zone during basin extension is still
preserved in its original position; the same applies to the high
thickness gradients in the supra-salt succession (Fig. 2). Based
on the model described above, these criteria can be used as
proxies for the identification of potential sub-salt fault zones
that were active during the entire basin evolution cycle. Such
indirect indicators are often the only available tools for the
analysis of the sub-salt “basement” tectonics as seismic data
provide very little information on its configuration. In the
MPT, the deepest reliably correlative seismic horizon is almost
always the base-Zechstein reflector (top of the sub-salt “base-
ment”). This only partly continuous reflector permits, however,
to define at a regional scale the gross configuration of the
sub-salt “basement” top. Main criteria for the identification of
sub-salt fault zones that were active during the subsidence and
inversion of the MPT are:

— in supra-salt series, the location of zones of high thick-
ness gradients increasing towards the basin centre;

— structure of the top sub-salt “basement” as derived from
the base-Zechstein reflector;

— location of early formed salt structures.

Implication for the identification of basement fault systems
derived from the model described above (Fig. 2) can be directly
applied to the analysis of the MPT, and more specifically to its
NW Pomeranian and central Kuiavian segments that are chara-
cterized by thick Zechstein salts. Although various salt struc-
tures developed during the subsidence of the MPT, locally
modifying sedimentation patterns, the entire basin is character-
ized on a regional scale by the gradual thickening of its Meso-
zoic series towards the basin centre (¢f. Dadlez, 2003), except
for the Upper Cretaceous and younger successions that were
deposited during and after the inversion of the basin (cf-
Krzywiec, 20025, ¢, 2004c, d, 2006). The top of the sub-salt
“basement” is characterized by significant structural variations
that are closely related to salt structures and zones of high
thickness gradients in the Mesozoic series.

SUB-SALT FAULT ZONES — INTERPRETATION
OF SEISMIC DATA

The base-Zechstein structure of the Pomeranian segment of
the MPT was mapped on the basis of regional seismic profiles
that cross its axial parts that underwent maximum uplift and
erosion, as evidenced by the subcrops of Jurassic and Triassic

strata beneath Cenozoic deposits (Fig. 3). A selection of inter-
preted  regional  profiles, showing  base-Zechstein,
top-Zechstein, top-Triassic, top-Jurassic and base-Cenozoic, is
given in Figure 4. Dadlez (2001) and Krzywiec et al. (2006)
give more detailed descriptions of these profiles.

A key element of the interpretation was to identify potential
sub-Zechstein fault zones that were active during the subsi-
dence and subsequent inversion of the MPT, applying the
above described three criteria. It must be stressed that fault
zones shown on Figure 4 should be regarded only as a first-or-
der approximation of potential fault zones occurring beneath
the Zechstein salts. According to the model of Figure 2, the
faults shown on Figure 4 immediately beneath the base-
Zechstein are in fact distributed fault zones that are related to
more focused faulting at deeper levels. The sub-Zechstein fault
zones identified on seismic profiles were laterally correlated
with the aide of the regional base-Zechstein map that was pre-
pared by Papiernik et al. (2000). This way, a rather consistent
picture of the sub-Zechstein fault zones, delimiting blocks that
underwent differential inversion-related uplift, was achieved
(Fig. 5; cf. Krzywiec et al., 2006). Considering the map view of
these first-order approximation fault zones, it should be
stressed that they presumably correspond to wider fault zones
consisting of overlapping fault segments and intervening
ramps. However, for the purpose of the regional analysis pre-
sented in this paper, such a simplification is justifiable, particu-
larly in the face of the poor resolving power of available seis-
mic data at pre-Zechstein levels.

In the analyzed Pomeranian segment of the MPT, eight
fault zones, labelled A to H, were identified and correlated,
three of which are well known from the literature. Fault zone A
is the Adler-Kamien Fault Zone, fault zone B — the
Trzebiatow Fault Zone, and fault zone C partly corresponds to
the Koszalin-Chojnice Fault Zone. Zones A and B are related to
the SW margin of the offshore part of the MPT located within
the SW Baltic Sea (Kiersnowski and Buniak, 2006). As in this
area Zechstein series are developed in a thin marginal facies,
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of present-day base Zechstein salt depth map
(from Papiernik ez al., 2000)
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faults active during the extensional subsidence of the basin, as
well as during its inversion, extend from the basement upward
into Mesozoic series (cf. Vejbak et al., 1994; Schliiter et al.,
1997;  Krzywiec, 2002b; Mazur et al, 2005;
Scheck-Wenderoth and Krzywiec, in press). Fault zone C
forms part of the Koszalin-Chojnice Fault Zone that is defined
as a rather wide deformation zone primarily in Mesozoic series
that extends much further towards SE than fault zone C, as
shown in Figure 5. Only close to the Baltic coast, the
Koszalin-Chojnice Fault Zone is characterized by relatively
small amounts of hard-linked sub- and supra-salt faulting, both
normal and — later — reverse (Antonowicz et al., 1994;
Strzetelski et al., 1995). For the purpose of this analysis, fault
zone C was defined as a fault zone rooted within the
sub-Zechstein basement, whereas the Koszalin—Chojnice Fault
Zone includes also peripheral thin-skinned deformations that
are detached within the Zechstein layer. Fault zones D-H are
defined at the base-Zechstein level and do not extend upward
into the Mesozoic series.

From Figure 5 it is clearly evident that the Pomeranian seg-
ment of the MPT is characterized by two intersecting fault sys-
tems. Fault zones D (in its NW segment), E and G define com-
plex structure of the SW margin of the East European Craton,
fault zones A, B, C, F and H are oriented NW-SE and follow the
main trend of the Teisseyre-Tornquist Zone.

Although the fault zones A—H should be regarded as major
basement discontinuities, they are not the only faults that af-
fected pre-Zechstein levels during the evolution of the MPT.
Good examples of smaller-scale fault systems are the faults that
occur on the Fore-Sudetic Monocline to S and SE of Poznan
(Kwolek, 2000) where they underlay Triassic graben structures
(Fig. 4, SW part of profile 7). These faults that at sub-Zechstein
level are characterized by significant strike-slip and only limited
dip-slip displacements (Kwolek, 2000), are not shown in profile
7, owing to their negligible effect on basin-scale subsidence and
inversion. Similarly, there are probably minor basement faults
associated with the Drawno—Czlopa salt structure, that appar-
ently played also a subordinate role during basin subsidence and
inversion (Krzywiec, 2004d, 2006).

SUB-SALT FAULT ZONES AND UPPER
CRUSTAL STRUCTURE

The regional fault zones described above were compared
with structural, gravity and magnetic maps in order to assess
whether they coincide with the boundaries of major crustal
blocks (see Krzywiec et al., 2006 for more comprehensive
analysis and additional details).

In Figure 6 these fault zones are compared with the distri-
bution of salt-related and other structures that were mapped in
Mesozoic series (after: Dadlez and Marek, 1998; Lockhorst,
1998). From this figure it is clearly evident that salt structures
are closely associated with the trend of the fault zones D—H and
their intersections. This geometrical relationship suggests that
faulting of the sub-Zechstein “basement” controlled the local-
ization and development of salt-related structures.

From Figure 7, that shows the inferred basement fault zones
superimposed on the Bouguer gravity map, it is apparent that

major gravity anomalies occurring in the axial part of the MPT
are roughly outlined by these fault systems. Basement blocks
that were uplifted during basin inversion correspond to gravity
highs whereas gravity lows denote blocks that did not undergo
significant uplift. Detailed analyses of processed gravity data
confirmed that these fault zones indeed coincide with zones of
gravity gradients (cf. Krzywiec et al., 2006).

Similarly, there is good correlation between the inferred
basement fault system and magnetic anomalies (Fig. 8). Of par-
ticular importance is the correlation of the West Pomeranian
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magnetic anomaly (Petecki, 2001, 2002; Krolikowski,
14°00' 15700 16°00' 17°00' 18°00' | 2006a, b) with the basement fault zones, and specifically fault
zone G that parallels the SW edge of this magnetic anomaly
and, at the same time, the SW margin of the MPT. This sug-
gests that this anomaly is related to a basement block whose
boundary faults (especially fault zone G) were crucial in the lo-
calisation and evolution of this part of the MPT (Krzywiec et
al., 20006).

COMPARISON OF SUB-SALT FAULT SYSTEM
WITH REGIONAL TRIASSIC AND JURASSIC

ISOPACH MAPS
52°30" {
X " Y — In order to further test whether the inferred sub-Zechstein
I 100 km | - basement fault system was indeed active during the subsidence
15°00' 16°00" 17°00" 18°00' of the MPT, it was compared with regional isopach maps of
Triassic and Jurassic series (Fig. 9; Dadlez, 2003).
Fig. 8. Inferred basement fault zones A—H superimposed on the The thickness of the Bunter series characteristically in-
magnetic map of Poland (after Krzywiec ez al., 2006) creases in successive steps towards the basin centre (Fig. 9A)
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Fig. 9. Inferred basement fault zones A—H superimposed on regional isopach maps of Triassic and Jurassic series (redrawn from Dadlez, 2003)

Contour intervals in metres: A — Bunter thickness, B — Muschelkalk and Keuper thickness, C — Lower Jurassic thickness, D — Middle Jurassic
thickness; grey areas denote erosion of the mapping interval across the inversion axis of the Mid-Polish Trough



146 Piotr Krzywiec

that is clearly outlined by the inferred sub-salt basement fault
zones. Zones of maximum thickness gradients coincide in
many cases with the inferred basement fault zones D, F, G and
H whereas smaller-scale thickness variations (Dadlez, 2003)
may be attributed to early salt movements, known from various
parts of the basin (e.g. Sokotowski, 1966; Burliga, 1996;
Krzywiec, 20045, c).

Similarly, the thickness distribution of the Muschelkalk-
Keuper succession appears to be controlled by the inferred base-
ment fault system, with fault zones E, F and G playing a primary
role (Fig. 9B). Muschelkalk-Keuper series thin towards the axial
parts of the MPT with respect to its flanks. This thinning, how-
ever, is the result of the intra-Triassic erosion that apparently was
not corrected for in this thickness map, and as a result could not
be used as a basin-scale indicator of overall Middle-Late Trias-
sic subsidence pattern. This erosional event is attributed to an
important intra-Keuper unconformity, clearly evident on seismic
lines, that is probably related to early salt movements in the axial
parts of the basin. Corresponding thickness changes of the Upper
Triassic series are mainly observed along the NE flank of the ba-
sin, and are schematically shown on profiles 3 and 4 in Figure 4.
Basement faulting presumably triggered the underlying salt
movements (cf. Krzywiec, 2004b, c).

The isopach map of Lower Jurassic series shows again a
distinct thickness increase towards the axial parts of the MPT
where they were partly eroded in response to inversion move-
ments (grey area in Fig. 9C). Correspondingly, reconstructed
thickness values given for this part of the basin must be re-
garded as approximate. Nevertheless, from Figure 9C it is evi-
dent that sub-salt basement faulting exerted a strong control on
the thickness development of Lower Jurassic series. Fault
zones E, F and G controlled the SW margin of the MPT, while
fault zones C and D controlled its NE margin.

In the Pomeranian segment of the MPT, Middle Jurassic se-
ries have been deeply truncated and partly even totally eroded
due to the inversion-related uplift of its axial part (Fig. 3). Con-
sequently, for these areas, the isopach map given in Figure 9D
shows tentative values only, with observed thickness values
being restricted to the marginal and SE axial parts of the basin.
Nevertheless, the gross thickness distribution is compatible
with the concept of activity along inferred sub-salt basement
fault zones controlling basin subsidence, especially along the
SW basin margin that coincides with fault zones E, F and G.
The axial part of the basin is clearly delimited by these three
fault zones and by fault zone D marking its NE flank.

The isopach map of the Upper Jurassic series (Dadlez,
2003) is very poorly constrained as inversion-induced ero-
sional truncation and total removal of these deposits is rather
widespread, particularly within the Pomeranian segment of the
MPT. Therefore, this map was not analysed in this paper.

DISCUSSION

Results presented in this paper differ in several aspects
from previous tectono-sedimentary models of the Trias-
sic—Jurassic evolution of this part of the MPT that stressed the

dominant control of NW—SE oriented fault zones on subsi-
dence patterns (Dadlez, 1997; Dadlez et al., 1998). As it was
shown above, tectonic activity along a more complex
sub-Zechstein fault system, consisting of NW-SE and
WNW-ESE striking elements, presumably controlled the Tri-
assic—Jurassic subsidence pattern of the Pomeranian segment
of the MPT.

Concluding from his analysis of Mesozoic sedimentary
thicknesses, Dadlez (2003) stated that no fault zones bordering
the MPT were active during its Triassic and Jurassic subsidence.
By contrast, results presented in this paper show that the Triassic
and Jurassic subsidence patterns of the MPT were controlled by
extensional tectonics along discrete sub-Zechstein fault zones,
displacements along which were dissipated in the thick
Zechstein salts, thus giving rise to gradual thickness changes in
the Mesozoic series. This is fully compatible with the model of
extensional basins in which pulses of tectonic subsidence are di-
rectly related to basement faulting whilst the basement is de-
coupled from the syn-rift sediments by a ductile evaporite layer
(¢f- Brun and Nalpas, 1996). Therefore, the absence of faulting in
the supra-salt cover cannot be regarded as a proof that the evolu-
tion of such a basin was not related to ongoing crustal extension
(rifting). Indeed, Dadlez (2003), noting the absence of major
extensional faults in the Mesozoic series of the MPT, accepted
the model of a decoupled basin in which active extensional fault-
ing in the sub-salt basement is upwards attenuated in the thick
Zechstein evaporites. In fact, the presence of the regional
sub-salt basement fault zones A—H, described in this paper, to-
gether with a decoupled model for the Mesozoic evolution of the
MPT, satisfies active basement extension, the existence of bor-
dering faults, and flexure-induced (forced folding) un-faulted
thickness changes in the Mesozoic syn-extensional series. A
similar interaction between basement faulting, a thick salt layer
and its supra-salt sedimentary cover was documented in many
other basins, with good example provided by the Dead Sea Ba-
sin. In this basin, which is presently undergoing active
transtensional rifting, the presence of thick Pliocene salt and ac-
tive Quaternary basement normal faulting resulted in the devel-
opment of numerous salt structures and in different degrees of
decoupling between thick-skinned basement tectonics and thin-
skinned cover tectonics (c¢f. Al-Zoubi and Ten Brink, 2001;
Al-Zoubi et al., 2001; Larsen et al., 2002).

Moreover, the regional analysis of the sub-Zechstein fault
pattern does not support the concept that the MPT is segmented
by a system of SW—NE striking transverse strike-slip faults that
were active during its Triassic-Jurassic subsidence, as proposed
by Dadlez (1994, 1997) and shown in Figure 10 for the Pomera-
nian segment. This concept is largely based on the assumption
that during the Late Cretaceous inversion of the MPT, reactiva-
tion of these strike-slip faults may have caused lateral displace-
ment of some salt structures (c¢f. Dadlez, 1994, his figs. 1 and 2).
Whilst in the Pomeranian segment of the MPT there is no reflec-
tion seismic evidence for wrench movements along such
SW-NE striking fault zones during basin inversion, the Grdjec
Fault Zone, separating the Kuiavian and the Holy Cross seg-
ments, is the only notable exception (Krzywiec, 20025). Indeed,
the sub-salt basement fault system proposed in this paper for the
Pomeranian segment of the MPT fully explains its Triassic and
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Fig. 10. Inferred basement fault zones A—H compared to transverse
major strike-slip fault zones (black bars) proposed by
Dadlez (1994, 1997b)

1 — Szczecin-Miastko Fault Zone, 2 — Choszczno-Szczecinek Fault
Zone, 3 — Poznan-Torun Fault Zone; patterned area — axial part of the
Mid-Polish Trough that underwent maximum uplift and erosion (after
Dadlez and Marek, 1998)

Jurassic subsidence patterns and present-day structural configu-

ration and does not require invoking transverse strike-slip zones

for which there is no evidence on available seismic data.
Similarly, the regional structural

profiles available for this area precludes the presence of im-
portant SW-NE striking transverse wrench faults, compara-
ble to the Grojec fault (Krzywiec, 20025).

Finally, it should be noted that the inferred basement fault
system of the Pomeranian segment of the MPT is compatible
with the gross basement tectonics of the Holy Cross Mts. seg-
ment of the MPT (Fig. 11; ¢f. Krzywiec et al., 2006). The Holy
Cross Fault Zone (HCFZ) that is well defined by field studies,
strikes in the same WNW direction as the fault zones E, D (in
its NW segment) and G of the Pomeranian segment. The HCFZ
played a prominent role during the Triassic-Jurassic evolution
of the SE part of the MPT by controlling, together with the
Nowe Miasto-Itza Fault Zone, the development of a subsidence
centre (Hakenberg and Swidrowska, 1997; Krzywiec et al.,
2005; Gutowski et al., 2005; Gutowski and Koyi, submitted).
The Nowe Miasto-Itza Fault Zone coincides with the SW mar-
gin of the East European Craton and forms the continuation of
fault zone D of the Pomeranian segment of the MPT. The
HCFZ underwent a complex Palaeozoic tectonic history and
was reactivated during Mesozoic times, first during subsidence
of the MPT and later during its inversion (see Krzywiec et al.,
2006 for detailed description and further references). There-
fore, by analogy, and taking into account the very similar orien-
tation of fault zones of the Pomeranian and Holy Cross seg-
ments of the MPT, it is likely that the inferred basement fault
zones mapped in the NW part of the basin controlled its Trias-
sic—Jurassic subsidence. A main difference is the “decoup-

model developed for the Polish Basin by

i
o 4

Lamarche and Scheck-Wenderoth
(2005) is not fully compatible with the
sub-salt basements structure of the Pom-
eranian segment of the MPT as pre-
sented in this paper. Whilst the geo-seis-
mic profiles given in Figure 4 clearly il-
lustrate that in the axial parts of the MPT
the sub-salt basements was uplifted to
variable degrees during basin inversion,
the cross-sections given by Lamarche

and Scheck-Wenderoth (2005, their fig.
5 profiles 1-4) suggest that it was not af-
fected by inversion tectonics. Moreover,
they postulate that the Pomeranian and
Kuiavian segments of the MPT were
separated by a transverse fault that was
active during their subsidence as well as
during their inversion. As shown in this
paper, the structural configuration of the
sub-salt basements and the gross Trias-
sic-Jurassic subsidence patterns in the
transitional area between the Pomera-
nian and Kuiavian segments of the MPT
can be readily explained by tectonic ac-

tivity along the proposed basement fault
zones D, F, G and H (see Figs. 5-10)
without invoking important transversal
faulting. In this context, it should be
stressed again that interpretation of a
large number of good quality seismic

Fig. 11. Inferred major basement fault zones for the entire Mid-Polish Trough (after
Krzywiec et al., 2006) superimposed on the geological map of Poland

without Cenozoic deposits (Dadlez et al., 2000)

HCFZ — Holy Cross Fault Zone; red rectangle — area shown in Figures 5-10; green colours — Cre-
taceous, blue colours — Jurassic, pink colours — Triassic (for more details see Dadlez et al., 2000)



148 Piotr Krzywiec

ling”effect of the thick Zechstein evaporites, both during subsi-
dence and thin-skinned inversion tectonics that is restricted to
the NW parts of the basin. Otherwise, basement tectonic pro-
cesses operating at a basin scale appear to be consistent be-
tween the different basin segments.

CONCLUSIONS

Based on the interpretation of regional reflection-seismic
lines and geological and potential-field maps, a new model was
developed for the sub-Zechstein fault system that was active
during evolution of the Pomeranian segment of the MPT. This
model differs in many aspects from previously published mod-
els and concepts. The following criteria were used to identify
the location of the different basement fault zones:

— thickness variations of the Triassic and Jurassic post-salt
sediments;

— structural configuration of the sub-Zechstein salt “base-
ment”;

— location of salt structures;

— gravity data;

— magnetic data.

The NE boundary of the MPT was generally controlled by
the SW margin of the East European Craton, whilst its SW
boundary coincides with a system of fault zones probably inher-
ited from earlier tectonic phases. Identified sub-Zechstein fault
zones coincide closely with boundaries of magnetic and gravity
features observed in the Pomeranian segment of the Mid-Polish
Trough, as well as with main inversion structures and salt struc-
tures. They also show very good correlation with gross thickness
patterns of the Triassic-Jurassic successions.

The inferred basement fault system is fully compatible with
published models for extensional sedimentary basin in which the
basement is decoupled from the syn-rift sediments by a thick salt
layer. Moreover, this fault system is also compatible with the re-

gional scale basement structure and basin evolution of the MPT,
including its SE Holy Cross segment where some basement
faults are exposed and where the absence or small thickness of
Zechstein evaporites provides for linked deformation of the
basement and the overlying sedimentary cover.

The results of the study presented in this paper support an
extensional evolution of the MPT during Triassic and Jurassic
times that was superimposed on the long-term thermal subsi-
dence of the basin, reflecting the decay of lithospheric-scale
thermal anomalies that were introduced during the latest Car-
boniferous-Early Permian pulse of wrench faulting and mag-
matic activity.

Future work should include comprehensive testing of this
model, including 2D balancing and palinspastic restoration of
geological cross-section to reconstruct the extensional subsi-
dence and compressional inversion of the basin, taking into ac-
count complex salt tectonics (cf. Canérot et al., 2005). This
should be coupled with 3D analogue modelling aimed at simu-
lating basin-scale processes (cf- Dooley et al., 2005).

Acknowledgements. This study of the structure and evolu-
tion of the Mid-Polish Trough was supported by the Ministry of
Environment/NFOSiGW within the research project No.
2.94.0004.00.0, and partly by the Committee for Scientific Re-
search (presently Ministry of Science and Education) through
PGI project no. 6.20.9422.00.0. The Polish Oil and Gas Com-
pany kindly provided the regional seismic profiles that were used
in this study. Gravity and magnetic maps presented in this paper
were adopted from Krzywiec ef al. (2006) and were prepared by
S. Wybraniec (Polish Geological Institute, Warszawa). G. Wro-
bel (Polish Geological Institute, Warszawa) is thanked for his
help with the drafting the text figures. The comprehensive re-
view by M. Jarosinski (Polish Geological Institute, Warszawa)
as well as the review and thorough editorial efforts by P. A.
Ziegler (University of Basel) are gratefully acknowledged.

REFERENCES

Al-ZOUBI A., SHULMAN H. and BEN-AVRAHAM Z. (2001) — Seismic
reflection profiles across the southern Dead Sea basin.
Tectonophysics, 346 (1-2): 61-69.

Al-ZOUBI A. and TEN BRINK U. (2001) — Salt diapirs in the Dead Sea
and their relationship to Quaternary extensional tectonics. Mar. Petrol.
Geol., 18: 779-797.

AMOR H. (1999) — Halokinesis and structural evolution of the major fea-
tures in eastern and southern Tunisian Atlas. Tectonophysics, 306 (1):
79-95.

ANTONOWICZ L., IWANOWSKA E. and RENDAK A. (1994) — Ten-
sional tectonics in the Pomeranian section of the T-T Zone and the im-
plications for hydrocarbon exploration. Geol. Quart., 38 (2): 289-306.

BALLY A. W. (1984) — Tectogénese et sismique réflection. Bull. Soc.
Géol. France (7) 24 (2): 279-285.

BISHOP D. J., BUCHANAN P. G. and BISHOP C. J. (1995) — Grav-
ity-driven thin-skinned extension above Zechstein Group evaporates
in the western central North Sea: an application of computer aided sec-
tion restoration techniques. Mar. Petrol. Geol., 12: 115-135.

BRUN J-P. and NALPAS T. (1996) — Graben inversion in nature and ex-
periment. Tectonics, 15: 677-687.

BURLIGA S. (1996) — Implications for early basin dynamics of the
Mid-Polish Trough from deformational structures within salt deposits
in central Poland. Geol. Quart., 40 (2): 185-202.

CANEROT J., HUDEC M. R. and ROCKENBAUCH K. (2005) — Meso-
zoic diapirism in the Pyrenean orogen: salt tectonics on a transform
plate boundary. Am. Assoc. Petrol. Geol. Bull., 89 (2): 211-229.

CARTWRIGHT J. A., STEWART S. and CLARK J. A. (2001) — Salt dis-
solution and salt-related deformation of the Forth Approaches Basin,
UK North Sea. Mar. Petrol. Geol., 18: 757-778.

CHRISTENSEN J. E. and KORSTGARD J. A. (1994) — The Fjerritslev
Fault offshore Denmark — salt and fault interactions. First Break, 12
(1): 31-42.

CLARK J. A., CARTWRIGHT J. A. and STEWART S. (1999) — Meso-
zoic dissolution tectonics on the West Central Shelf, UK Central North
Sea. Mar. Petrol. Geol., 16: 283-300.

DADLEZ R. (1980) — Tectonics of the Pomeranian Swell (NW Poland)
(in Polish with English summary). Kwart. Geol., 24 (4): 741-767.



Triassic-Jurassic evolution of the Pomeranian segment of the Mid-Polish Trough — basement tectonics and subsidence patterns 149

DADLEZ R. (1994) — Strike-slip movements in the Polish Lowlands.
Geol. Quart., 38 (2): 307-318.

DADLEZR. (1997a)— Epicontinental basins in Poland: Devonian to Cre-
taceous — relationship between the crystalline basement and sedi-
mentary infill. Geol. Quart., 41 (4): 419-432.

DADLEZ R. (1997b) — Tektonika kompleksu permsko-mezozoicznego.
In: Epicontinental Permian and Mesozoic in Poland (in Polish with
English abstract) (eds. S. Marek and M. Pajchlowa). Pr. Panst. Inst.
Geol., 153: 410-415.

DADLEZ R. (1998) — Devonian to Cretaceous epicontinental basins in
Poland: relationship between their development and structure (in Pol-
ish with English summary). Pr. Panst. Inst. Geol., 165: 17-30.

DADLEZ R. (2001) — Mid-Polish Trough — geological cross-sections.
Panist. Inst. Geol.

DADLEZ R. (2003) — Mesozoic thickness pattern in the Mid-Polish
Trough. Geol. Quart., 47 (3): 223-240.

DADLEZ R. and MAREK S. (1969) — Structural style of the
Zechstein-Mesozoic complex in some areas of the Polish Lowland (in
Polish with English summary). Kwart. Geol., 13 (3): 543-565.

DADLEZ R. and MAREK S. (1974) — General outline of the tectonics of
the Zechstein-Mesozoic Complex in Central and Northwestern Po-
land. Biul. Inst. Geol., 274: 11-140.

DADLEZ R. and MAREK S. (1998) — Major faults, salt- and non-salt
anticlines. In: Paleogeographic Atlas of Epicontinental Permian and
Mesozoic in Poland (1:2 500 000) (eds. R. Dadlez, S. Marek and J.
Pokorski). Pol. Geol. Inst.

DADLEZ R., MAREK S. and POKORSKI J. eds. (1998) —
Paleogeographic atlas of epicontinental Permian and Mesozoic in Po-
land (1:2 500 000). Pol. Geol. Inst., Warszawa.

DADLEZR., MAREK S. and POKORSKI J. eds. (2000) — Geological map
of Poland without Cenozoic deposits (1:1 000 000). Pol. Geol. Inst.

DADLEZ R., NARKIEWICZ M., STEPHENSON R. A., VISSER M. T.
M. and VAN WEES J-D. (1995) — Tectonic evolution of the Mid-Pol-
ish Trough: modelling implications and significance for central Euro-
pean geology. Tectonophysics, 252 (1-4): 179-195.

DOOLEY T., McCLAY K. R., HEMPTON M. and SMIT D. (2005) — Salt
tectonics above complex basement extensional fault system: results
from analogue modelling. In: Petroleum Geology North—West Europe
and Global Perspectives — Proceedings of the 6th Petroleum Geology
Conference (eds. A. G. Dore and B. A. Vinning): 1631-1648. Geol.
Soc., London.

GRABOWSKA T., BOJDYS G. and DOLNICKI J. (1998) — Three-di-
mensional density model of the Earth’s crust and the upper mantle for
the area of Poland. J. Geodynam., 25 (1): 5-24.

GRABOWSKAT. and BOJIDYS G. (2001) — The border of the East-Euro-
pean Craton in south-eastern Poland based on gravity and magnetic
data. Terra Nova, 13 (2): 92-98.

GRAD M. and GUTERCH A. (2006) — Seismic models of the crustal
structure of the Trans-European Suture Zone (TESZ) in NW and cen-
tral Poland (in Polish with English summary). Pr. Panst. Inst. Geol. (in
press).

GRAD M., GUTERCH A. and MAZUR S. (2002) — Seismic refraction ev-
idence for crustal structure in the central part of the Trans-European Su-
ture Zone in Poland. Geol. Soc., London, Spec. Publ., 201: 295-309.

GRAD M., KELLER G. R., THYBO H., GUTERCH A. and POLONAISE
Working Group (2002) — Lower lithospheric structure beneath the
Trans-European Suture Zone from POLONAISE’97 seismic profiles.
Tectonophysics, 360 (1-4): 153-168.

GUTERCH A. and GRAD M. (2006) — Lithospheric structure of the
TESZ in Poland based on modern seismic experiments. Geol. Quart.,
50 (1): 23-32.

GUTOWSKI J., POPADYUK I. and OLSZEWSKA B. (2005) — Late Ju-
rassic—earliest Cretaceous evolution of the epicontinental sedimentary
basin of southwestern Poland and Western Ukraine. Geol. Quart., 49
(1): 31-44.

HAKENBERG M. and SWIDROWSKA J. (1997) — Propagation of the
south-eastern segment of the Polish Trough connected with bounding
fault zones (from the Permian to the Late Jurassic). C. R. Acad. Sc.
Paris, 324 (Ila): 793-803.

HARDY S. and McCLAY K. (1999) — Kinematic modelling of
extensional fault-propagation folding. J. Structur. Geol., 21: 695-702.

JACKSON M. P. A. and VENDEVILLE B. C. (1994) — Regional exten-
sion as a geologic trigger for diapirism. Geol. Soc. Am. Bull., 106:
57-73.

JASKOWIAK-SCHOENEICH M. ed. (1979) — The geological structure
of the Szczecin Trough and Gorzéw Block (in Polish with English
summary). Pr. Panst. Inst. Geol., 96.

KARNKOWSKI P. H. (1999) — Origin and evolution of the Polish
Rotliegend Basin. Pol. Geol. Instit. Spec. Papers, 3.

KIERSNOWSKI H. and BUNIAK A. (2006) — Evolution of the
Rotliegend Basin of northwestern Poland. Geol. Quart., 50 (1):
119-138.

KIERSNOWSKIH., PAULJ., PERYT T. M. and SMITH D. B. (1995) —
Facies, paleogeography and sedimentary history of the southern Perm-
ian Basin in Europe. In: The Permian of Northern Pangea (eds. P.
Scholle, T. M. Peryt and D. Ulmer-Scholle). Springer Verlag, 1:
119-136.

KOCKEL F. (1998) — Salt problems in Nortwest Germany and the Ger-
man North Sea sector. J. Seism. Explor., 7: 219-235.

KOYTI H., JENYON M. K. and PETERSEN K. (1993) — The effects of
basement faulting on diapirism. J. Petrol. Geol., 16 (3): 285-312.
KOYTH. and PETERSEN K. (1993) — Influence of basement faults on the
development of salt structures in the Danish Basin. Mar. Petrol. Geol.,

10 (2): 82-94.

KROLIKOWSKI C. (2006a) — Edge of the East-European Craton in the
light of the seismic, magnetic and geothermal data in the northwestern
and central Poland (in Polish with English summary). Pr. Panstw. Inst.
Geol. (in press).

KROLIKOWSKI C. (2006h) — Crustal-scale complexity of the contact
zone between the Palacozoic Platform and the East European Craton in
the NW Poland. Geol. Quart., 50 (1): 33-42.

KROLIKOWSKI C. and PETECKI Z. (1997) — Crustal structure at the
Trans-European Suture Zone in northwest Poland based on gravity
data. Geol. Mag., 134: 661-667.

KROLIKOWSKI C. and PETECKI Z. (2002) — Lithospheric structure
across the Trans-European Suture Zone in NW Poland based on grav-
ity data interpretation. Geol. Quart., 46 (3): 235-245.

KRZYWIEC P. (2002a) — Decoupled vs. Coupled Evolution of the
Mid-Polish Trough — role of salt during extension and inversion. Am.
Assoc. Petrol. Geol. Ann. Meet., March 10-13, Houston.

KRZYWIEC P. (2002b) — Mid-Polish Trough inversion — seismic exam-
ples, main mechanisms and its relationship to the Alpine—Carpathian
collision. In: Continental Collision and the Tectonosedimentary Evo-
lution of Forelands (eds. G. Bertotti, K. Schulmann and S. Cloetingh).
Europ. Geosc. Union Stephen Mueller Spec. Publ. Ser., 1: 151-165.

KRZYWIEC P. (2002¢) — Os$wino structure (NW Mid-Polish Trough) —
salt diapir or inversion-related compressional structure? Geol. Quart.,
46 (3): 337-346.

KRZYWIEC P. (2004a) — Basin-scale basement control of the evolution
of the Mid-Polish Trough. Am. Assoc. Petrol. Geol. Europ. Reg. Con-
fer., Prague, 10-13.10.

KRZYWIEC P. (2004b) — Triassic evolution of the Klodawa salt struc-
ture: basement-controlled salt tectonics within the Mid-Polish Trough
(Central Poland). Geol. Quart., 48 (2): 123—134.

KRZYWIEC P. (2004c) — Basement vs. salt tectonics and salt-sediment
interaction — case study of the Mesozoic evolution of the
Intracontinental Mid-Polish Trough. 24th Annual GCSSEPM Founda-
tion Bob F. Perkins Research Conference “Salt — Sediment Interac-
tions and Hydrocarbon Prospectivity: Concepts, Applications and
Case Studies for the 21st Century”, Houston, Texas, 5-8.12: 343-370.

KRZYWIEC P. (2004d) — Relationship between orogenesis and foreland
inversion — Late Cretaceous evolution of the Mid-Polish Trough and
the Carpathian Orogenic Belt. Terra Nostra, 5: 32-35.

KRZYWIEC P. (2006) — Structural inversion of the Pomeranian and
Kuiavian segments of the Mid-Polish Trough — lateral variations in
timing and structural styl. Geol. Quart., 50 (1): 151-168.

KRZYWIEC P., GUTOWSKI J., POPADYUK I., KOYI H. A., GLINIAK
P., GUBYCH 1., MADEJ K., MATYJASIK 1., OLSZEWSKA B.,
SYROTA T., URBANIEC A. and WROBEL G. (2005) — Jurassic to
Miocene evolution of the Polish and Ukrainian Carpathian foreland
based on geological and geophysical data and analogue modelling.
AAPG Internat. Confer., Paris, France, 11-14.09, A39.



150 Piotr Krzywiec

KRZYWIEC P. and WYBRANIEC S. (2003) — Role of the SW margin of
the East European Craton during the Mid-Polish Trough Mesozoic de-
velopment and inversion — integration of seismic and potential field
data. Proceedings of the 8th Meeting of the Czech Tectonic Studies
Group/Ist Meeting of the Central European Tectonics Group,
24-27.04, Hruba Skala, Geolines—Papers in Earth Sc., 16: 64—66.

KRZYWIEC P., WYBRANIEC S. and PETECKI Z. (2006) — Basement
tectonics of the Mid-Polish Trough in central and northern Poland —
results of analysis of seismic reflection, gravity and magnetic data (in
Polish with English summary). Pr. Panstw. Inst. Geol. (in press).

KUTEK J. (2001) — The Polish Mesozoic Rift Basin. In: Peri-Tethys
Memoir 6: Peri-Tethyan Rift/Wrench Basins and Passive Margins
(eds. P. A. Ziegler, W. Cavazza, A. H. F. Robertson and S.
Crasquin-Soleau). Mem. Mus. Hist. Nat., 186: 213-236.

KUTEK J. and GLAZEK J. (1972) — The Holy Cross Area, Central Po-
land, in the Alpine Cycle. Acta Geol. Pol., 22: 603-653.

KWOLEK K. (2000) — The age of tectonic movements in the
Poznan-Kalisz dislocation zone, Fore-Sudetic Monocline (in Polish
with English summary). Prz. Geol., 48 (9): 804-814.

LAMARCHE J. and SCHECK-WENDEROTH M. (2005) — 3D structural
model of the Polish Basin. Tectonophysics, 397 (1-4): 73-91.

LARSEN B. D., BEN-AVRAHAM Z. and SHULMAN H. (2002) — Fault
and salt tectonics in the southern Dead Sea basin. Tectonophysics, 346
(1-2): 71-90.

LOCKHORST A. ed. (1998) — NW European Gas Atlas, GIS application
on CD, British Geological Survey, Bundesanstalt fiir Geowissenscha-
ften und Rohstoffe, Danmarks og Gronlands Geologiske Underso-
gelse, Nederlands Instituut voor Toegepaste Geowetenschappen.
Panst. Inst. Geol., Europ. Union.

MAREK S. and PAJCHLOWA M. eds. (1997) — Epicontinental Permian
and Mesozoic in Poland (in Polish with English summary). Pr. Panstw.
Inst. Geol., 153.

MAZUR S. and JAROSINSKI M. (2006) — Deep basement structure of
the Palaeozoic Platform in SW Poland in the light of seismic results
obtained from the Polonaise’97 experiment (in Polish with extended
English summary). Pr. Panstw. Instyt. Geol. (in press).

MAZUR S., SCHECK-WENDEROTH M. and KRZYWIEC P. (2005) —
Different modes of inversion in the German and Polish basins.
Internat. J. Earth Sc., 94 (5-6): 782—798.

MITRA S. and ISLAM Q. T. (1994) — Experimental (clay) models of in-
version structures. Tectonophysics, 230: 211-222.

NARKIEWICZ M. ed. (1998) — Sedimentary basin analysis of the Polish
Lowlands (in Polish with English summary). Pr. Panst. Inst. Geol.,
165.

PAPIERNIK B., JOZWIAK W. and PELCZARSKI A. (2000) — Digital
structural map of base Zechstein based on analog seismic map. Unpub.
report No. 6.20.9415.00.0, Cent. Geol. Archiv., Pol. Geol. Inst.

PETECKI Z. (2001) — Magnetic evidence for deeply buried crystalline
basement southwest of the Teisseyre-Tornquist line in NW Poland.
Acta Geophys. Pol., 49 (4): 509-515.

PETECKI Z. (2002) — Modelowanie grawimetryczne i magnetyczne
wzdtuz profilu LT-7. Prz. Geol., 50 (7): 630-633.

PHARAOHT. (1999) — Palacozoic terranes and their lithospheric bound-
aries within the Trans-European Suture Zone (TESZ), a rewiev.
Tectonophysics, 314 (1-3): 17-41.

POZARYSKI W. ed. (1977) — Geology of Poland, 4 (Tectonics). Wyd.
Geol., Warszawa.

POZARYSKI W. and BROCHWICZ-LEWINSKI W. (1978) — On the
Polish Trough. Geol. Mijnbouw, 57 (4): 545-557.

POZARYSKI W. and NAWROCKI J. (2000) — Struktura i lokalizacja
brzegu platformy wschodnioeuropejskiej w Europie Srodkowej. Prz.
Geol., 48 (8): 703-706.

RACZYNSKA A. ed. (1987) — Geological Structure of the Pomeranian
Swell and its basement (in Polish with English summary). Pr. Panstw.
Instyt. Geol., 119.

SCHECK M., BAYER U. and LEWERENZ B. (2003) — Salt movements
in the Northeast German Basoin and its relation to major post-Permian

tectonic phases — results from 3D structural modelling, backstripping
and reflection seismic data. Tectonophysics, 361 (3—4): 277-299.

SCHECK-WENDEROTH M. and KRZYWIEC P. (2006) — Permian—Me-
sozoic Tectonics of Central Europe. In: Geology of Central Europe
(ed. T. McCann). Geol. Soc. London, Memoir, (in press).

SCHLUTER H-U., BEST G., JURGENS U. and BINOT F. (1997) — Inter-
pretation  reflexionseismischer  profile  zwischen  baltischer
Kontinentplatte und kaledonischem Becken in der siidlichen Ostsee —
erste Ergebnisse. Zeitschr. Deutsch. Geol. Ges., 148 (1): 1-32.

SOKOLOWSKIJ. (1966) — The role of halokinesis in the development of
Mesozoic and Cenozoic deposits of the Mogilno structure and of the
Mogilno-£6dz Synclinorium (in Polish with English summary). Pr.
Inst. Geol., 50.

STEPHENSON R. A., NARKIEWICZ M., DADLEZ R., Van WEES J-D.
and ANDRIESSEN P. (2003) — Tectonic subsidence modelling of the
Polish Basin in the light of new data on crustal structure and magnitude
of inversion. Sediment. Geol., 156: 59-70.

STEWART S. (1999) — Geometry of thin-skinned tectonic systems in rela-
tion to detachment layer thickness in sedimentary basins. Tectonics, 18
(4): 719-732.

STEWART S. A. and COWARD M. P. (1995) — Synthesis of salt tectonics
in the southern North Sea, UK. Mar. Petrol. Geol., 12: 457-475.

STRZETELSKI W., GORECKI W., KRZYWIEC P., PIETSCH K. and
REICHER B. (1995) — Tectonic history and hydrocarbon habitat of
Western Pomerania, N Poland — results of integrated geological and
geophysical study. Abstract book, 57th EAPG/EAEG Conference,
Glasgow, UK.

TARKA R. (1992) — Tectonics of some salt deposits in Poland based on
mesostructural analysis (in Polish with English summary). Pr. Panstw.
Inst. Geol., 137.

Van WEES J-D., STEPHENSON R. A., ZIEGLER P. A., BAYER U,
MCCANNT., DADLEZ R., GAUPP R., NARKIEWICZ M., BITZER
F. and SCHECK M. (2000) — On the origin of the Southern Permian
Basin, Central Europe. Mar. Petrol. Geol., 17: 43-59.

VEJBZK O. W., STOUGE S. and POULSEN K. D. (1994) — Paleozoic
tectonic and sedimentary evolution and hydrocarbon prospectivity in
the Bornholm area. Geol. Surv. Denmark, DGU Serie A, 34.

VENDEVILLE B. C. and JACKSON M. P. A. (1992a) — The fall of
diapirs during thin-skinned extension. Mar. Petrol. Geol., 9: 354-371.

VENDEVILLE B. C. and JACKSON M. P. A. (1992b) — The rise of
diapirs during thin-skinned extension. Mar. Petrol. Geol., 9: 331-353.

WAGNER R., LESZCZYNSKI K., POKORSKI J. and GUMULAK K.
(2002) — Paleotectonic cross-sections through the Mid-Polish
Trough. Geol. Quart., 46 (3): 293-306.

WITHJACK M. O., OLSON J. and PETERSEN E. (1990) — Experimental
Models of Extensional Forced Folds. Am. Assoc. Petrol. Geol. Bull.,
74 (7): 1038-1054.

WITHJACK M. O. and CALLAWAY S. (2000) — Active normal faulting
beneath a salt layer: an experimental study of deformation patterns in
the cover sequences. Am. Assoc. Petrol. Geol. Bull., 84 (5): 627-651.

WORRALL D. M. and SNELSON S. (1989) — Evolution of the northern
Gulf of Mexico, with emphasis in Cenozoic growth faulting and the
role of salt. In: The Geology of North America — an Overview. Geo-
logical Society of America (eds. W. A. Bally and A. R. Palmer). Geol.
North Am., A: 97-138.

ZIEGLERP. A. (1990) — Geological Atlas of Western and Central Europe.
Shell Internationale Petroleum Maatschappij B.V. and Geological So-
ciety Publishing House, Bath.

ZIEGLER P. A., SCHUMACHER M. E., DEZES P., VAN WEES J-D. and
CLOETINGH S. (2004) — Post-Variscan evolution of the lithosphere in
the Rhine Graben area: constraints from subsidence modelling. In:
Permo-Carboniferous Magmatism and Rifting in Europe (eds. M. Wil-
son, E-R. Neumann, G. R. Davies, M. J. Timmerman, M. Heeremans
and B. T. Larsen). Geol. Soc., London, Spec. Publ., 223: 289-317.



