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In the Polish Upper Rotliegend Basln three major depositicnal systems were
predominant: fluvial, acolian and playa. Sedimentary development of the
basin has been controtled by two principal factors: climate and tectonics, the
latter related to lithospheric exlension leading to subsidence and aceomoda-
tion space development. Within the framework of structural and climatic
constraints, the depositional systems have been developing as a complex
pattern of mutual interrelationships. Nine main depositional sequences have
been described basing on results of sedimentological analysis coupled witha
palaeostructural basin model focused on tracing shifts of depocentres, Defini-
lion of the sequences enabled further analysis of a sedimentary balance of the

basin and an atternpt to define presumable sediment source areas. The brief
description of the latter areas is presented and it is shown that their changing
size and shifiing directions of a sediment transport considerably influenced
deposition in the basin. During early stages of the basin development main
source areas have been located in the west and north while later on eastern
and southern provenance has become more important. An important role in
a sedimentary budgel of the basin has been played by periodic transfer zones
linking the Central Basin {= Mid-Polish Trough) with peripheral sub-basins
located on the Precambrian East European Platform.

INTRODUCTION

The investigations of sedimentary environments of the
Polish Rotliegend started during late seventies due to a rapid
increase of information related to numerous deep wells lo-
calized over the Polish Lowlands area including the Mid-Pol-
ish Trough. During that period also first stratigraphic
sudivisions of the Rotliegend were proposed for the area of
the trough (defined as the “central sedimentary basin”, here
labelled the Central Basin).

The present study is a first attempt to define depositional
systems and sequences in the Polish part of the European
Southern Rotliegend Basin. It is based on sedimentelogical
interpretations of core material and wireline logs. Interpreta-
tion of seismic data has been used to a limited extent with a
few exceptions of seismic data, analyses of acoustic imped-
ance and some seismic sections from 3-D projects. In previous
studics of the Rotliegend Basin lithofacies subdivisions have
been used basing on beth core and wireline log data (Atlas
litofacjalno-paleogeograficzny..., 1978). The interpretations
of lithofacies in terms of sedimentary environments has been
based on scarce and partly erronous sedimentological inter-

pretations. The current stratigraphic subdivisions are based on
lithostratigraphic principles (P. H. Karnkowski, 1981, 1987)
with a limited concern as to genetic and age relationships of
the described lithosoms. On the other hand, allostratigraphic
principles have also been applied including some elements of
tectonostratigraphy (J. Pokorski, 1981) leading to correlations
of different lithclogies with the assumption that their approxi-
mately coeval development have been controlled by tectonic
events in the basin or close to its margin. Such an approach
have led to overgeneralized interpretations, mostly in terms
of diastrophism.

Under such circumstances, in order to distinguish and
define depositional systems, sedimentological investigations
on a basin scale have been undertaken within the framework
of the project “Sedimentary basin analysis of the Polish Low-
lands” supplemented by the fcw existing sedimentological
reports (P. H. Karnkowski, 1986; W. Nemec, J. Porebski,
1977; T. Jerzykiewicz et al., 1976; P. Roniewicz et al., 1981).
This have led to a compilation of an inventory of facies types
and their associations, and te definition of sedimentary envi-
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Fig. 1. Late Permian palacogeography of Northern Pangea for the Zeehstein times (after C. R. Scotese, R. P. Langford, 1995) with the location of the Polish

Rotliegend Basin indicated by arrow

Darker shading — high mouvntain belts; lighter shading — lower land areas; dotted — shallow seas; bold lines with triangles — active plate margins

Mapa paleogeograficzna péinocnej Pangei dla czasu sedymentacji cechsztyiskiej (wedtug C. R. Scolese’a, R. P. Langforda, 1995) z zaznaczonym strzatka

miejscemn wystepowania polskiego basenu czerwonego spagowcea

Obszary najciemniejsze — wysokic géry; obszary jagniejsze — lady; obszary biale zakropkowane — plytkie morza; linie grube — aktywne krawedzie ptyt

ronments. Basinwide correlation of major depositional events
has been accomplished using sequence stratigraphic approach
(G. Kocurek, K. G. Havholm, 1993; A. D. Miall, 1996). In
addition, some aspects of cyclostratigraphy and climate-re-
tated chronostratigraphy have been applied mostly to aeolian
depositional evolution. Of subordinate importance have been

correlations based on ichnostratigraphy and palynostrati-
graphy. Standard codes for facies, subfacies and sedimentary
textures have been appiied in the course of the present work
in order to achieve comparability of descriptions and interpre-
tations (G. T. George, J. K. Berry, 1994; A. D. Miall, 1978).

PALAEOGEOGRAPHIC BACKGROUND

Polish Permian Basin forms the eastern, partly isolated
part of the European Southern Permian Basin (SPB). Map in
Fig. 1 (after C. R. Scotese, R. P. Langford, 1995) shows the
location of the Polish Basin against the Late Permian palae-
ogeography of the Northern Pangea. The basin was located in
asubtropical zone near 15°N, [t was atypical continental basin
(in its German portion forming partly depression with a few
marine incursions) surrounded by extensive higher elevated
areas. The important palacogeographic feature was the postu-
lated mountain barrier separating the Rotliegend basin from
the nearest ocean — the Tethys. In view of Permian palaeo-
climatic models including assumed ocean current directions,
precipitation patterns and monsoonal seasonality (E. J. Bar-
ron, P, I, Fawcett, 1995; J. T. Parrish, 1995) the cutlined
palaeogeographic pattern was of crucial importance for the
general style of deposition in the Rotliegend times. The basin
was dominated by aeolian and fluvial sedimentation, the fatter

being permanently interconnected with the playa system.
Such a depositional style was typical not only for the Polish
Basin. Aeolian sedimentation was an important component of
Late Permian sedimentary processes going on in arid sub-
tropical climate over vast territory of the Northern Pangea
from the eastern margins of the SPB to the present southwest-
ern U.S.A. This area was dorninated by desert sedimentation
comprising erg complexes, playas, sebkhas and saline lakes
with some proportion of fluvial deposits. In the area of present
Poland forming the eastern periphery of the SPB (H. Kier-
snowski et al., 1995), several main palasogeographic features
have been reconstructed for the period of the Upper Rotlie-
gend deposition: central playa-lake (with intermittent consid-
erable input of fluvial and aeolian sediments), dune area
comprising two extensive ergs, eastern and southern ones (H.
Kiersnowski, 1997), and area dominated by periodic desert
rivers {wadi).
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DEPOSITIONAL SYSTEMS

During the Rotliegend time, in the foreland of the Variscan
orogen, there developed a narrow elongated basin of a half-
graben type filled with terrigenous, mostly siliciclastic sedi-
ments represented by sandstones, siltstones, and
subordinately, conglomerates. The basin was undergoing fast,
punctuated subsidence which reached the highest rate during
the uppermost Upper Rotliegend time with accompanying
widening of the subsiding area (¢f K. Dadlez et al., 1995 for
a discussion on the origin of the basin). As a result, the
thicknesses and lateral extent of the sediments increased
together with higher degree of lithofacies complexity in dif-
ferent parts of the basin and increased sediment input associ-
ated with a modification of source areas.

Sedimentary lithofacies reveal the onlap-type geometry
pointing to a progressive lateral expansion related to levelling
of an erosional edge zone and overstepping pattern of deposi-
tion. This was probably caused partly by basin extension and
by the dominance of accumulation rate over subsidence,
particularly in a terminal stage of the basin development (see
the cross-sections in Figs. 2—4).

Present analysis is focused on the clastic lithofacies pre-
dating the deposition of marine carbonate and evapaoritic
lithofacies of the Zechstein. The lithofacies have been ar-
ranged with respect to their origin which enabled definition
of depositicnal systems. Four main systems have been distin-
guished: (1) fluvial, {2) aeolian, (3) playa-lake, and (4) trans-
gressive marine system of a shallow-water coastal zone. The
last named system, associated with a base of the Zechstein, is
not included into present eonsiderations due to its relatively
small thickness and its limited importance in the basinal fill.
Remaining three systems developed simultaneously, interac-
ting with each other during different stages of the basin
development.

The main factors controlling the origin and development
of above systems were: (1) autogenic processes related to
structural controls directly influencing relief, and (2) al-
logenic processes related most of all to climatic fluctuations
and, probably, to eustatic changes including the Zechstein
transgression. An overlapping of various factors or a domin-
ance of only one of these created complexity of depositional
systems whose pattern considerably diverges from the curren-
tly assumed simplified depositional models.

The architecture of the depositional systems reflects the
ongoing changes in palacogeomorphology of the basin and
surrounding source areas, as well as evolving palaechydro-
logical regime. The basin was predominantly hydrologically
closed with inner drainage modifted by syndepositional tec-
tonics in marginal zones and shifting depocentres controlled
by segmented (block) basement structure. The exceptional
feature of the basin was the characteristic “independence” of
the aeolian system with respect to the classical concentric
lithofacies zonation of an alluvial basin, and to geometry of
the basement. This may be exemplified by the local grabens
filled with aeolian sediments (Fig. 4). Aeolian sandstone
facies are differently developed in central and marginal basin
areas and commenly show overstepping arrangement, extend-

ing even beyond strict basin frame (Figs. 3 and 4). This
influenced to a considerable degree a parallel development of
fluvial and playa systems.

Presented model of depositional systems development,
palaeogeography and sedimentary environments is applicable
to best studied uppermost part of the Upper Rotliegend se-
dimentary fill. One can distinguish here: (1) in the northwest-
ern part the area dominated by playa system, (2) in the
northern part the area dominated by fluvial system of pertodic
rivers, (3) in the southwestern part the area dominated by
acolian system, and (4) in the southeastern part prevailing
fluvial (pericdic rivers) and aeolian systems. The above
named systems formed a pattern of mutual interrelationships
terminated during the initial Zechstein transgression.

The synthesis of the depositional architecture is presented
in reconstructed cross-sections {Figs. 2—4, 9). They show i.a.
the zone of a strongest and most permanent subsidence in the
Resko—Czaplinek area, as well as Iﬁigration of sedimentary
lithofacies following sbifts in depocentres during basinal
evolution. Generally, clearly seen are typical depositional
attributes of half-graben basins (M. R. Leeder, R. L. Gaw-
thorpe, 1987) including asymmetric facies pattern related to
increased subsidence along fault-controlled basin margin (NE
flank in our example).

FLUVIAL SYSTEM

Fluvial sediments are iinportant component in the devel-
opment of the alluvial Rotiiegend basin. They frequently
occur throughout the entire Rotliegend succession. The flu-
vial depostional system is very complex as its development
has been controlied by many factors of regional and suprare-
gionai importance. Of the prime importance have been cli-
matic fluctuations and related shifts in development and
extent of drainage areas, as well as changes in erosional
baselevels controlled by tectonics. Another impertant factor
was a changing hydrological system in the basin, either con-
fined or connected with the North German Basin. When
analysing the course of the basin evolution we can observe
several sequences of progradational and retrogradational type
in the development of the fluvial system. There exist clear
analogies between the Upper Rotliegend of the western part
of the SPB (H. Kiersnowski er al., 1995) and the system
described hy G. T. George and J. K. Berry (1994).

The sediments accumulated in generally hot and arid
climatic conditions with scarce periodic rainfall. Therefore
the development of the fluvial deposits is restricted and com-
monly closely related to local drainage zones. The fluvial
sediments occur in all the studied well sections, often as
periodic intercalations. In the entire basin those deposits are
immature due to a short pericdic transport, common shifts in
sediment load and changing geometry of river-bed systems.
Three main elements of the fluvial system have been distin-
guished and described below.
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Fig. 2. Reconstructed NW-SE cross-section I-I of the Upper Rotliegend basin between wells Stargard 1 and Studzianna IG 2 (location in Fig. 7)
1 —dominance of playa siltstones and claystones; 2 — dominance of braided rivers, alluvial plain and distributary channels of marginal playa; 3 — dominance
of coarse clastic deposits developed in alluvial fan and braided rivers facies; 4 — dominance of aeolian sandstones; 5 -— effusive and pyroclastic rocks; 6 —
conglomerates sourced from eroded volcanic rocks; 7— sedimentary rocks of supposed Lower Rotliegend; B — interpreted sequence boundary; 9 — interpreted
faults, partly supposed synsedimentary faults; number in circles — depositional sequences described in the text; P1-P3 — packages represonting episodes of
clayey sediment input; F1-F3 — fluvial depositional sequences

Przekrdj paleostrukturalny I-1 przez basen gérnego czerwonego spagowca migdzy otworami Stargard 1 i Studzianna IG 2 (lokalizacja na fig. 7)
1 —dominacja itowcéw i mulowctw plat; 2 -— dominacja piaskowcdw w facjach réwni aluwialnej, rzek roztokowychi kanaldéw rozprowadzajgcych w strefach
marginalnych plai; 3 — dominacja osad6w gruboklastycznych w facjach stozkdw aluwialnych i rzek roztokowych; 4 ~- dominacja piaskowcdw eolicznych;
5 — skaty wylewne i piroklastyczne, 6 - zlepielice pochodzace 2 niszczenia skal wulkanicznych; 7 - skaty osadowe przypuszczalnie dolnego czerwonego
spagowcea; 8 — interpretowane granice sekwencji; 9 — interpretowane uskoki, czg§ciowo synsedymentacyine; cyfry w kétkach — poszczegéine sekwencie
depozycyine opisane w tekécie; P1-P3 — pakiety osad6w reprezentujacych epizody dostawy materiatu ilastego do basenu; F1 —F3 — fluwialne sekwencje
depozycyjne

FLUVIAL SYSTEM OF A PROXIMAL ZONE tional clasts, and, in the case of coarse- and fine-grained
intercalations, also intraclasts. The whole spectrum of struc-
tures occurs — from close to open fabric conglomerates with
a large matrix proportion. Bedding is often poorly visible and
difficult to interpret in a core material. The conglomerates are
either poorly sorted or unsorted. Particular depositional se-
quences are characterized by normal or reversed grading or
lack of grading. The conglomerates are often interlayered
with massive or well-bedded sandstones which may contain
single large floating clasts. These sediments are interpreted as
debris flows or, more commonly (T. C. Blair, J. G, McPher-
son, 1994) as deposited from high-energy bed-loaded braided
streams (A, D. Miall, 1978) or sheet flows,

It comprises fluvial deposits of alluvial-fan facies associ-
ation embracing following facies: debris flows, sheet flows,
distributary channels of the fan surface, and sediments of
drainage zones sourcing fans. The example of the above
sedimentary environments is found in the Wilcze IG 1 well
section (Fig. 4),

During the present studies, it was possible to distinguish
the deposits of alluvial fans dominated by mass flows and
those dominated by stream flows. The former deposits are
composed of coarse conglomerates with subordinate sand-
stontes and siltstones. The conglomerates contain extraforma-
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Fig. 3. Reconstructed 5-N cross-seetion 11-1T of the Upper Rotliegend basin
between wells Objezierze 1G t and Okonek 1 (location in Fig. 7)

Explanattons — see Fig. 2

Przekrdj paleostrukturalny L-11 przez basen gémego czerwonego spigowcea
miedzy otworami Objezierze IG 11 Okonek 1 {lokalizacja na fig. 7)
Objagnienia jak na fig. 2

The first two sediment groups are sirnilar. In addition to
coarsely-clastic conglomerates there may occur sandstones
andsilty-clayey sediments. The conglomerates are often well-
sorted and form normally graded sequences. There is a fre-
quent alternation of coarse- and fine-grained sediments and
one observes sedimentary structures characteristic for high-
energy flow in shallow-water streams with low sinuosity. As
a rule, the depositional sequences display truncated upper
fine-grained members. There is a predominance of horizontal
bedding, low-angle inclined bedding and, rarely, cross-lami-
nation. The described sediments are commen in marginal
zones of the basin.

FLUVIAL S5YSTEM OF A TRANSFER ZONE

These are deposits of distal alluvial-fan systems (alluvial
plains} belonging to facies of periodic braided rivers which
have developed perpendicularly to elevated areas into local
depocentres or paraliel to elevations as composite drainage
system. The example of such depositional environments is
represented by the lower part of the Byczyna [ well-section
(Fig. 2). Following depositional facies can be described here:

Sw NE
WRZESNIA IG 1

SZUBIN IG 1 WILCZE IG 1
BYDGOSZCZ IG 1 Al

50 km

Fig. 4. Reconstructed SW-NE cross-section [II-III of the Upper Rotliegend
basin between wells Wrzeénia G 1 and Wileze 1G 1 (location in Fig. 7}

Explanations — see Fig. 2

Przekr6j palcostrukturalny 111111 przez basen gémego czerwonego spagow-
ca migdzy otworami Wrzesnia IG [ i Wilcze 1G 1 {lokalizacja na fig. 7}
Objagnicnia jak na fig. 2

sandy channels of braided streams in adistal alluvial-fan zone,
channels of mature rivers, overbank (including crevasse),
flood plain and inactive fluvial channel infillings.

FLUVIAL SYSTEM OF A DISTAL ZONE

Here belong deposits of periodic rivers, partly of high
sinuosity, entering a playa area as facies of distributary-chan-
nels of highly variable range, magnitude and sediment-trans-
portation capability. The relevant example is the Pita IG 1
well-section (Fig, 3). In some seclions it is also possible to
interpret fluvial deposits developed as prodelta or prograding
fan-delta facies. The described system comprises the facies of
channelized sheet-flood and non-channelized sheet-flood.
Theyoccur in marginal playa areas and in sandy playa sequen-
ces.

The range and relative influence of particular elements of
the fluvial system are variable both in time and space. We
have examples of a long-term development of the system
extending far into the basin and forming fluvial sequences of
considerable thickness, as in the area of Czaplinek IG 1 and
1G 2 wells (Figs. 2 and 3). That system was characterized by
strongly sediment-loaded sandy-gravelly braided rivers and
low-sinuosity rivers.
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Fig. 5. General geometry of the Polish Upper Rotliegend Basin {after J. Pokorski, 1988, medified and supplemented)

[ —playalithofacies; 2 — supposed fluvial lithofacies of transfcr zone; 3 — fluvial lithofacies; 4 —alluvial lithofacies of basin margin; 35— acotian lithofacies;
6 — source areas; 7 — sediment transport direclions (size of arrow indicates rclative importance}; 8 — supposed sediment transport directions; 9 — supposcd
early directions of sediment transport; boxes A-F — separate calchmenl areas: A — Western Pomerania High (drainage system contrelled by tectonic blocks,
sourced in the north, close to basin margin); B — Stupsk Basin and Koszalin—Chojnice zone (a-— supposed early drainage system axis, sourced in NE, farther
from basin margin, b — late local drainage system network, sourced closer to basin margin; drainage system controlled by tectonic framework of
Koszalin—Chajnice uplifted zone); C — Mazury Basin and supposcd sediment transfcr zone {Jeaf-rype drainage system with relict “islands™ of clder peneplain;
mature, hierarchic drainage network sourced far from basin margin); D — Podlasie Basin and Biezur Bay (leaf-type drainage sysicm with relict "istands™ of
older peneplain; mature, hierarchic drainage network sourced far from basin margin); E — Holy Cross Mts. and Silestan—Cracow Highs (c — bifurcate type
drainage system with relict “islands” of older peneplain; mature, bipartite, confined drainage network, related to lectonic pattern and sourced far to the south
of the basin margin, d — local poorly developed drainage system sourced close to basin margin); F — Wolsztyn High {westemn and eastern) (dispersal type,
unconfined drainage sysicm with relict “islands™ of older peneplain, controlled by tectonic framework and embracing zones of selective erosion); WPH —
Westcrn Pomerania High; SB — Stupsk Basin; MB — Mazury Basin; M-SH — Mazury-Suwatlki High; PB — Podlasie Basin; S—-CH — Silesian-Cracow
High; WH — Wolsztyn High; EE — Eastemn Erg; SE — Southemn Erg; CB — Central Basin (= Mid-Polish Trough)

QOgdlna geometra polskiego basenu gémego czerwonego spagowcea {wedlug J. Pokorskiego, 1988, zmodyfikowane i uzupetnione)
| — litofacje plai; 2 — przypuszczalne litofacje fluwialne strefy iransferu; 3 — litofacje fluwialne; 4 — litofacje aluwialne obrzezy basenu; 5 — litofacje
eoliczne; 6 — obszary alimentacyjne; 7 — kierunki transportu osadu (rozmiary strzalki wskazujg na znaczenic wzgledne); 8 — przypuszczalne kierunki
transportu osadu; 9 — przypuszczalne wezesne kierunki transportu osadu; A-F — obszary zlewni: A — wyniesienie zachodniopomorskie (system drenaiu
uwarunkowany tektonikg blokowa, zasilany od péInocy, blisko brzegu basenu); B— basen stupski i wyniesienia strefy Koszalina—Chojnic (a— przypuszczalna
0§ weczesnego systemy drenazu zasilanego od NE w oddaleniu od brzegu basenu, b — péény lokalny system sieci drenazu zasilanego blizej brzegu basenu;
system drenazu uwarunkowany struklurg tektoniczng wyniesieri strefy Koszalina—Chojnic); C — basen mazurski i przypuszczalna strefa transferu osadéw
(lisciowaty system drenaZu z reliktowymi wyspami starszej penepleny; dojrzala hierarchiczna sieé drenazu zasilana w duzej odleghosci od brzegu basenu); D
— basen podlaski i zatoka Biezunia ([i§ciowaty system drenazu z reliktowymi wyspami starszej penepleny; dojrzata hicracchiczna sieé drenazu zasilana w
duzej odlegloéci od brzegu basenu); E — wyniesienic §wietokrzyskic i §lasko-krakowskie (¢ — widlasty system drenazu z reliktowymi wyspami starszej
penepleny, dwuczgsciowa sied dojrzatego systemu drenazu, zwigzana ze strefami teklonicznymi i zasilana daleko na potudnie od brzegu basenu, d — lokalny
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Pericdic rivers. A separate description is required in a
case of fluvial deposits distinguished in sequences dominated
by aeolian deposits (R. P. Langford, M. A, Chan, 1989). Their
origin is two-fold. They represent either fluvial system start-
ing to develop from basin margins (or dune fields area) and
eroding through dune deposits (wadi), or deposits related to
periodic rainfall in areas dominated by aeclian sediments, The
example of both these environments is found in the Pita IG 1
well-section (Fig, 3). It comprises deposits of periodic rivers
and streams prograding over dune fields during pluvial peri-
ods or sediments of ephemeral streams deposited owing to
torrential rainfall, They form fluvial sequences comprising
facies representative of channels, floods and sheet flows,
commonly of limited extent, interlayered with aeolian sedi-
ments. Their development is attributed to a deposition in arid
climate, in which episodic, often torrential, rainfall generates
periodic rivers and streams of considerable erosional power
and of high energy of transportation (highly loaded). In proxi-
mal areas these rivers eroded deeply incised valleys (ueds)
supplying material deposited either in a transfer or distal zone
depending on a duration of rains, loading with terrigenous
material as well as on water-loss during transportation. The
rivers vanished when entering flat areas, and left blankets of
fine-grained alluvial sediments (sheet flows). In some cases,
with higher rainfali, there may have formed pericdic lakes in
palaeotopographic lows, often representing interdune areas.
In the proximal zone coarsely clastic sediments may domi-
nate, cartied out from areas of erosion for considerable dis-
tances and deposited within sandy aeolian sequences. Their
drainage zones are restricted and sediment-sources are of
local importance.

A system of periodic rivers of wadi-type was composed
of several hierarchically arranged elements. Smaller wadi
channels were linked with larger ones developed along axial
parts of drainage zones. Central channels, probably active
once during each tens of years due to catastrophic floods, were
often modified by erosional slope processes and by prograd-
ing dune fields. Deposits of periodic rivers occur in aeolian
sequences as single erosional channels or as larger complexes
indicating longer-term climatic changes. Ducing the present
study sediments interpreted as wadi have been distinguished
in the Witowo—Radlin area near SW basin margin (H. Kier-
snowski, 1996). Such sediments are widespread in other mar-
ginal areas as well.

AEOQOLIAN SYSTEM

Sediments of the aeclian depositional system represent the
final stage of deposition in the evolution of the Upper Rotlie-
gend basin. Their development has modified to some degree

basin palaeotopography as a result of specific depositional
regime less dependent on tectonics and topography and more
on climate. Sediments of the aeolian system are associated
with other depositional systems, i.e. the fluvial system of
periodic rivers (wadi) and the playa system of periodic lakes.
The aeolian system comprises dune (erg} and interdune sedi-
ments. [t has been described in many localities of the Pita and
Pniewy area through Poznari and Wrze$nia region to Kalisz
area (Figs. 24, 8, sequence 8b).

DUNE SEDIMENTS (ERGS)

The dune system is composed of the following sedimen-
tary associations: (1) dune, (2) interdune, and (3) extra-dune.

Dune association comprises three facies: dune top, dune
core and dune base. The sediments of the dune top member
are mostly not preserved due to erosion during subsequent
depositional cycle. In addition, they are difficult to distinguish
in core material because it is often impossible to decide
whether middle or upper dune member is observed. The dune
core member occurs more frequently. Both members are built
of fine- to medium-grained sandstones commonly with an
admixture of very fine-grained sand (dust). Lamination re-
flects bimodal grain-size distribution with mostly very well
sorted material in particular laminae which show normal or
reversed grading. Thicker sandy laminae are often interca-
lated with very thin laminae of fine-grained sand with clayey
admixture, The sandstones commonly are weakly cemented
and display considerable porosities. Laminae forming in-
clined sets may reach considerable thicknesses of more than
10 cm and angle of dip of more than 35° after compaction.
The dips decrease downward to horizontal arrangement at the
base, parallel with deereased thicknesses of laminae and their
higher frequency. The lower set of laminae is described as a
dune base. It is often characterized by alternation of laminae
of well-sorted sandstones (sometimes medium-grained) and
those with considerable clayey admixture. It also shows in-
creased degree of cementation. In the sediments of the Eastern
Erg (Fig. 5) one can distinguish sequences of barchanoidal
dunes and refatively thick sequences of transversal dunes.

Interdune association comprises three facies: dry inter-
dune, moistinterdune, and wet interdune with flood sediments
deposited in fluvial environment. They are composed of sand-
stones with flat horizontal or low-angle inclined lamination,
low angle crosslamination or lenticular (adhesive ripple-
marks) lamination, as well as of convoluted and homogeneous
sediments. Common are scours and flat erosional surfaces. In
addition to fine- to coarse-grained sandstones there occur
siltstones and claystones. The dry interdune facies is repre-
sented by sediments of sand sheets. These are mostly inter-
layered coarse- and fine-grained sandstones with sets of

stabo rozwinigty system drenazu zasilany blisko brzegu basenu); F — wyniesienie wolsztyfiskie (cze$é€ zachodnia i wschodnia){rozproszony, olwarly system
drenaiu 7 reliktowymi wyspami starszej penepleny, uwarunkowany strefami tektonicznymi i obejmujacy rejony selektywnej erozji); WPH — wyniesienia
zachodniopomorskie; SB — basen stupski; MB — basen mazurski; M—SH — wyniesienie mazursko-suwalskie; PB — basen podlaski; S—~-CH — wyniesienie
$lnsko-krakowskic; WH — wynicsienie wolsztyrskie; BEE — Erg Wschodni; SE — Erg Potudniowy; CB — basen eentralny (= bruzda érédpolska)
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horizontal or low-angle inclined lamination. Such sediments
are accumulated due to a very slow accretion with frequent
intermittent deflation periods. The moist interdune sediments
are similar to above facies but with larger proportion of pelitic
components. They contain minor clayey interbeds, adhesive
ripplemarks and varts, lenticular and inclined lamination. The
wet interdune deposits are distinetly finer-grained including
fine-grained sandstones, siltstones and claystones which are
finely parallel laminated or with a disturbed lamination (due
to density loading or to a bioturbation). They represent
ephemeral ponds or periodic floods. Formation of moist and
wet interdune deposits is connected with periods of increased
humidity and shallow occurrence of groundwater.

Extra-dune asscociation is composed mostly of sand
covers with negligible admixture of sediments forming base
dune members. It has been discerned here because of its
distinct features and common occurrence within the aeolian
system. The sediments are analogous to dry interdune de-
posits, they occupied, however, vast areas in proximal wind-
ward side of ergs or in distal leeward regions behind them (1.
G. Wilson, 1971). Associated with those sediments are re-
mains of small barchanoidal or dome-shaped dunes and de-
flation lag deposits. They have been formed during perieds of
strong winds and/or limited sand input (S. G. Fryberger ef al.,
197%; G. Kocurek, 1988). The sediments probably repre-
senting this facies occur in the Pniewy—Obrzycko region in
S'W part of the basin, and, possibly, in the scuthern area near
Kutno and £.6d%.

EVOLUTION OF ERGS

The aeolian complex consists of several depositional se-
quences interpreted as particular ergs. Ergs are composed of
dune and interdune sequences separated by erosional boun-
daries of first-order bounding surfaces (G. Kocurek, 1988).
The boundaries reflect prolonged periods of erosion and/or
hampered aeolian accumulation. Dune and interdune deposits
form distinct well-defined lithological units. Dune sequences
are characteristic in that dune crests are commonly cut leaving
only lowermost parts preserved. Erosion may have even
reached down to the very base of a dune leaving only inter-
dune deposits preserved. In such a case it is commonly diffi-
cult or hypothetical to define erg boundaries, particularly
when only wireline logs are available.

Development and migration of ergs was controlled by
climate and palacotopography as exemplified by orographic
barriers forming obstacles for migration of aeolian sands on
a basin scale. Preliminary studies based on oriented cores and
dipmeter data (H. Kiersnowski, 1996) indicate that consider-
able part of the Eastern Erg sediments have been deposited
under prevailing northerly and north-westerly winds assum-
ing continental reconstruction by C. R. Scotese and R. P.
Langford (1995). Sediment sources were located to the south,
in the area of a palaechigh of the Variscan plateau and in the
south-east in the Holy Cross Mts. palaeohigh and in its fore-
land, in the region of vast alluvial plain probably of recent
shatt type, Depending on the directions of steady winds, the
Wolsztyn High could have formed a barrier for erg migration

towards the west. The steady winds directions, interpreted for
the first time for the Polish Permian Basin, are in accordance
with the atmospheric circulation patterns in the modei for the
Artinskian (Early Permian) by J. T. Parrish (1995} and for the
Late Permian of the Northern Pangea (E. J. Barron, P. J.
Fawcett, [995). They probably reflect generally northerly
winds driven by monsoonal circulation which, after dropping
off their moisture load in the mountains or uplands of the
Tethys margins (J. T. Parrish, F. Peterson, 1988) played the
role of the main driving force of the aeolian transport in the
studied basin.

When accepting generally assumed overall increase of
climatic aridity during the Late Permian, one can ascribe the
onset of a desert sedimentation to deposits of lower part of the
Upper Rotliegend. In the initial stage of the basin develop-
ment incipient dune fields have formed probabty on the allu-
vial plains and along the margins of the incipient playa.
Broadening of the basin during the deposition of the upper
part of the Upper Rotliegend created suitable conditions for
accumulation and preservation of considerably larger
amounts of aeclian and fluvial sediments. At the same time it
has been a period of a formation of tectonic grabens system
undergoing fast and widespread subsidence, and in many
cases filled with aeclian sandstones. In the uppermost Upper
Rotliegend time playa expanded over vast arcas previously
dominated by an aeclian sedimentation. Playa sediments are
lithologically differentiated as they reflect periodic consider-
able influence of fluvial and aeolian sediments prograding
towards playa centre. At the same time, ergs reached their
maximum lateral extent encroaching over new areas and
forming overstepping pattern relative to older deposits of the
Rotliegend. The acclian sedimentation has continued up to the
onset of the Zechstein sea transgression, and even coevally
with it in marginal zones, as exemplified by drowned de-
formed or scoured crests of various types of dunes observed
in the areas of Poznad and Lubin (Silesian Basin) (P. H.
Karnkowski, 1986; T. Jerzykiewicz er al., 1976).

Aeolian deposition has been conirolled by differentiated
subsidence of particular parts of the basin and, most of all, by
considerable periodic climatic fluctuations influencing the
source areas and mode of sediments transport. Depending on
relative importance of the above depositional controls there
has occurred either vertical sediment accretion within local
depocentres or transfer zones have developed related to a
migration and accumulation of aeolian deposits. During the
deposition of a lower part of the Upper Rotliegend the dune
fields periodically encroached over the playa area thus stop-
ping itsenvelopment or limiting its lateral extent. On the other
hand, during the latest Upper Rotliegend time the central
playa has reached maximum extent by enlapping consider-
able area of dune fields. The playa contraction and expansion
was related to climatic changes characterized by repeated
humid and arid periods controlling hydrological conditions
including directions and extent of drainage zones. These
changes are alsoreflected in a clear record of cyclic deposition
of aeolian sandstone covers (ergs). The development and
evolution of ergs comelates wilh arid periods during which
fine-grained material has been blown out from the source
areas mostly in the south and south-east, and transported to
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the north and north-west. During pluvial periods the aeolian
sedimentation has been slowed down or even ceased. The erg
areas have been vegetated, eroded or overlain by locally
accumulating fluvial deposits.

PLAYA SYSTEM

Playa deposits form a permanent element in the Rotlie-
gend basin development. As they develop in arid and semi-
arid climate they are a good indicator of climatic shifts.
During its development playa has been undergoing consider-
able changes of its extent and position across the basin. This
was controlled by shifting depocentres and periodic pushing
by prograding fluvial system or replacement by dune com-
plexes migrating across the basin. The very existence of the
playa has been strictly controlled by palaeohydrelogical con-
ditions in the basin and therefore the detailed sedimentologi-
cal analysis of the system allows to interpret the changes of
these conditions (J. T. Neal, 1975).

The playa system is composed of the following facies
associations: (a) sandy playa, (b) clayey playa, (c) evaporitic
playa, (d} marginal (transitional} playa zone. Playa deposits
are represented predominantly by siltstones, sandy siltstones,
and subordinate claystones. There may occur also fine-
grained sandstones or even very fine-grained, silty and often
clayey sandstones. These deposits are developed as facies of
rhythmically occurring channelized and non-channelized
sheet floods. They form successions of minor normally graded
cycles bounded by numerous erosional surfaces. The charac-

teristic feature is lack of dessication evidence (apart from rare
traces of deep cracks related to huge contractional pelygons
~—J.T. Neal, W. S. Motts, 1975) and a common occurrence
of sulphate concretions. The dessication features occur in a
transit zone in the playa margin transitional to fluvial system.
Less common in the playa system are well-sorted fine- to
medium-grained sandstones associated with a system of flu-
vial distributary channels pericdically entering playa area.
There may also occur sandstone interbeds representing mi-
grating isolated dunes being precursors of the thick aeolian
complexes replacing playa system (e.g. the Pita IG | section,
Fig. 3). The coarser sand grains admixed to the finer sandy
material may have also been transported by winds. The oppo-
site scenario of playa onlapping the areas of dune fields is also
shown in Figs. 3 and 4. In the available core material no
evidence has been found of evaporitic (halitic) playa, which
is so characteristic for the North German Rotliegend Basin.
Consequently, we see no evidence of sebkha deposits sur-
rounding the great German salt lake. Some indications of
evaporitic playa are manifested by a common occurrence of
early diagenetic anhydrite concretions.

The expansion and disappearance of playa take place in
conditions largely similar to lacustrine environment and
therefore they may be analysed using sequence stratigraphic
approach. In the Upper Rotliegend succession two major
depositional cycles have been distinguished (Fig. 9} of which
the lower one reprasents the wet playa development with
predominant silty-clayey lithofacies (Fig. 8, sequences 2-5)
whereas the upper is associated with the dry playa of predomi-
nantly clayey-sandy development (Fig. 8, sequences 7-8b).

BASIN EVOLUTICN AND THE DEVELOPMENT OF SEDIMENT SOURCE AREAS

Analysis of areas supplying sedimentary material is a key
to understanding the depositional history of the Rotliegend
basin. In previous palaeotectonic studies (J. Pokorski, 1988;
R. Wagner et al., 1980) the main emphasis has been put on
erosion of the Wolsztyn High (WH) as a main source of
sediment for the Central Basin (CB), and, to a large degree,
for the Silesian Basin (Figs. 5 and 7). The assumed eroded
thicknesses, mostly of the Lower Permian volcanics and
Carboniferous clastics, have been interpreted as sufficient to
explain the amount of basinal sedimentary fill (¢f. palaeo-
structural cross-section in Atlas litofacjaino-paleogeogra-
Jiczny..., 1978). Stupsk (J. Pokorski, 1976), Peri-Baltic (J.
Pokorski, 1974) and Podlasie (J. Pokorski, 1971) Basins were
described as separate shallow basins whose origin has been
controlled by tectonic activity at the turn of Lower to Upper
Rotliegend times. Because of Jacking or merely minor inter-
mittent connections with the Central Basin those areas have
not sourced the CB.

In this paper I will attempt to substantiate the opposite
interpretation assuming a prime importance of the above
basins as source areas along with the possible existence of a
widespread drainage zone in northeastern and eastern margin

of the basin, being main source of sediment. The presented
model stresses the importance of erosional processes, devel-
opment of drainage zones and palacorelief differentiation in
source areas. On the other hand, less importance is attached
to tectonic subsidcnce which, according to this interpretation,
could have been lacking in the area of the Precambrian
Platform during the Rotliegend and Zechstein sedimentation.
In his papers from 1988 and 1997 J. Pokorski assumes no
subsidence in this area during the Upper Rotliegend time.
According to R. Wagner (1994) “...the Precambrian platform
has been characterized by a weakest subsidence entirely com-
pensated by a sedimentation during all stages of the Zechstein
basin development”. The cited author argues that the over-
stepping extent of the Zechstein relative to the Upper Rotlie~
gend, particularly conspicuous in the Precambrian Platform
area, have been possible “..owing to strong impulses of
subsidence during transgression”. According to this interpre-
tation the subsidence would start precisely at the time of the
Zechstein transgression. There 15 a highly interesting coin-
cidence of palacotopographic lows formed due to pre-Zech-
stein erosion with the areas of presumed stronger or weaker
subsidence. This problem was attracting the attention of
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Fig. 6. Catchment zone C of the Mazury Basin {I) and conceptual model of a supposed sediment transfer zone (1[) {partly based on J. Pokorski, 1974
and B, M. Edwards. 1995)
1 —coarse deposit fringe around Mazury—Suwalki High, 2— present extend of Upper Rotliegend deposits, 3—supposed extend of Upper Rotliegend deposits;
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Obszar zlewni C basenu mazurskiego (I) i model pogladowy przypuszczalnej strefy transferu (1) (cz¢$ciowo na podstawie J. Pokorskicgo, 1974
iB. M. Edwardsa, 1995)

1 — pas osadéw grubookruchowych wok6t wyniesienia mazursko-suwalskiego, 2 — dzisiejszy zasigg gdrnego czerwoncgo spagowca, 3 — przypuszczalny
zasigg géMego czerwonego Spagowcea; etap A — rzefba zamaskowana przez osady; transfer osedéw przez nieczynng strefg uskokowg bez powstawania rzeZby
powierzchniowej; etap B — relief warunkuje sedymentacjg; tranzyt osadéw grubiejklastycznych przez aktywng strefg uskokowsa do szybko obnizanego bloku
ZIZUCONEED przy rozwoju rzefby powierzchniowej (skarpy i weigte doliny); CB — basen centrainy

above authors (R. Wagner e al., 1980) who compiled the  uplift of particular areas. The areas of the Stupsk Basin ($B),
maps of persistence of palacotopographic lows during the  Podlasie Basin (PB) and the southern part of the Mazury Basin
Rotliegend and Zechstein times which stresses the ttends and ~ (MB) and Chelmno Peneplain has been assigned to the group
a frequency of occurrence of the maximum depression and  of areas without or with a small subsidence.

SOURCE AREAS AND SEDIMENTARY FILL OF THE CENTRAL BASIN

Prolonged period of subaerial exposure characteristic for  lief in the surroundings of the CB and consequently to a
the Rotliegend time have led to preferential erosion of the  considerable differentiation of the palaeotopography. De-
most susceptible rocks, partial exhumation of older palacore-  pending on climate and topographic gradients either mechan-
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ical or chemical weathering prevailed with eroded material
being transported by fluvial or aeolian processes. The differ-
ent lithological composition of the bedrock in eroded areas
has been presented on the map by J. Pokorski and A. M.
Zelichowski (fide J. Pokorski, 1997). In the area of the north-
eastern basin margin the erosion affected Proterozoic meta-
morphic rocks and siliciclastic and carbonate deposits of the
Silurian to Carboniferous. In the south-west eroded have been
mostly clastic Carboniferous and volcanic Carboniferous—
Permian rocks. The lithological variability of the bedrock in
source areas could have influenced directions, transporiation
intensity and accumulation of detrital material, and, indirect-
ly, also type and petrological composition of depositional
facies (A. Maliszewska, J. Pokorski, 1986). In many investi-
gated sections clear Iocal sediment sources are interpreted.
Only during certain periods dominated by a fluvial sedimen-
tation the expanding drainage areas could have transported
sediments for considerable distances. Similarly, in the case of
aeolian sandstones their source areas could have been
removed far from the accumulation areas.

In order to analyse a balance of the Rotliegend sediments
in the CB (i.e. Mid-Polish Trough) it is necessary to trace the
evolution of particular source areas. The latter have been
ascribed to earlier distinguished palacogeomorphological ele-
ments (J. Pokorski, 1988) and categorized according to their
presumed importance as source areas and differentiation of
catchment zones (Fig. 5). Two main groups are distinguished:

1. The areas of accumulation and sediment transfer: Stupsk
Basin (SB), Mazury Basin (MB), Podlasie Basin (PB).

II. The areas of erosion and sediment transfer: the highs in
the northwestern basin margin (West Pomeranian), the highs
of the Koszalin—Chojnice zone, Chetmno Peneplain, Ma-
zury—Suwatki High (M—-SH) (Biezuil Bay), the highs of the
southeastern basin margin (Holy Cross and Silesian—Cra-
cow), Wolsztyn High (WH) (eastern and western element).

THE HIGHS IN THE NORTHWESTERN BASIN MARGIN
{WEST POMERANIAN)

These elevated areas {(Fig. 5) have been intensely eroded
during the Upper Rotliegend time. In the marginal zone this
area has been transsected by several active tectonic blocks (R.
Dadlez, 1990) with drainage system developing along bound-
ing faults. Consequently, numerous narrow and deep tectonic
grabens have formed and accumulated coarse-grained clastics
mostly derived from erosion of the volcanic rocks. This
material has been transported by fluvial systems far to the
south (A. Maliszewska, J. Pokorski, 1986). It is assumed that
the drainage system has been well-developed, persistent and
oftenrejuvenated due to proximity of the marginal basin zone
characterized by strong lateral gradients of a subsidence rate.
In the course of the basin evolution the system graduaily
moved to the north.

THE SEUPSK BASIN AND HIGHS
IN KOSZALIN-CHOINICE ZONE

The palaeogeomorphological unit attributed to the accu-
mulation of the Upper Rotliegend sediments of the SB is
named the Stupsk Depression (J. Pokorski, 1988, 1997). Ac-
cording to the cited author the thickness of sediments is less
then 80 m. They are bipartite, with the lower conglomeratic
part of a fluvial origin, and the sandy upper part of fluvial and
aeolian origin. In the palaeogeographic framework the SB has
formed a local tectonic depression isolated from the CB by a
narrow belt of the Devonian and Lower Carboniferous rocks
of the Koszalin—Chojnice zone. The coarse clastic facies
concentrate along this margin and in the northeastern part of
the basin.

Because of a specific location of the SB in the pre-Zech-
stein Kaszuby elevated area it seems probable that clastic
sedimentation in the basin occurred in several stages separ-
ated by periods of erosion or non-deposition, and thus dissimi-
lar to the MB and PB. The extent and outline of the basin
reflect processes of early erosion and tectonic evolution (R.
Dadlez, 1976). Tectonic origin of the basin is prebably related
to a development of several horsts and grabens (L. Antono-
wicz et al., 1993) clearly seen in the Koszalin—-Chojnice zone
and further to the north-east at the margin of the subsided
platform, The basin outline reftects the main tectonic NW-SE
directions. Paradoxically, although located close to the CB the
described basin has not been a main source of sediment
{(fine-grained in particular) for the CB during the Upper Rot-
liegend time, i.e. time equivalent of the Note¢ Formation or
depositional sequences 6 to 8b (Fig. &),

The hypothetical evolution of the SB may be subdivided
into several stages. The first stage has been related to the early
development of the Czaplinek Trough (Fig. 7, 8, sequences
1-5). In its eastern termination, at the boundary with the
platform, a zone of a strong erosion has formed with a drain-
age from the South Baltic High (Fig. 6) towards the de-
pocentre developing in the Czaplinek Trough area. The main
axis of the zone may have paralleled the trough axis and the
deposited sediments may have formed an incipient SB infill.
In the Drawa Formation of the Upper Rotliegend basin (Cza-
plinek IG 2 well) predominant are the lithoclasts composed
of sedimentary rocks from source area to the north-west (A,
Maliszewska, J. Pokorski, 1986). The described stage has
continued up to the onset of tectonic block movements (L.
Antonowicz et al., 1993) which probably have ied to a forma-
tion of a narrow barrier built of the Devonian and Lower
Carboniferous rocks along the NE Central Basin margin (Kos-
zalin—-Chojnice zone), cutting off the sediment supply from
the South Baltic High to the Mid-Polish Trough (CB). Parallel
to this barrier a small depocentre has been formed whose
sediments probably have buried remains of the sediments
deposited during the early first stage of development. Gradual
erosion of this barrier and its partial disintegration induced
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transportation of detrital material to topographic lows on both
flanks: newly formed part of the SB and INE part of the CB.
In the Noteé Formation succession of the Czaplinek IG 2 well
predominant are lithoclasts of volcanie rocks indicating new
transport direction from the north-west. The SB has been
isolated, filled with sediments and, probably, has been under-
going weak subsidence in its SW part.

During stages 2 and 3 the SB did not form important
source area for the CB, having been blocked by the elevated
barrier of the Koszalin—Chojnice zone. There could have
probably existed local transfer zones (gorges?) particularly in
a southern part of the SB (J. Pokorski, 1976, 1978} linking it
to the CB. The Koszalin—Chojnice zone have been a local
source zone for the Czaplinek area. During the final stage
before the onset of the Zechstein transgression parts of the SB
undergoing a weak subsidence have been filled with the
aeolian deposits{?} of the Dartowo Formation (J. Pokorski,
1976, 1997) whereas a fragment of the previous basin within
the Koszalin and E.eba Highs has been partly eroded.

MAZURY BASIN

The Mazury Basin (Figs. 5 and 6} is represented by the
Rotliegend deposits filling the palaeotopographic element
named Peri-Baltic or Warmia Depression. According to J.
Pokorski (1974) the sedimentary fill has been composed of
conglomerates and arkosic or greywacke sandstones with
subordinate proportion of siltstones and claystones. This
author argues, basing on numerous cited petrological studies,
that clastic material deposited in a southern part of the Polish
Peri-Baltic Depression has been supplied from the M—SH. Tt
was composed of the Proterozoic and also Cambrian to Situ-
rian sedimentary rocks. Basing on vertical variability in com-
position of clastics in selected Rotliegend sections it has been
shown that source area has been shifting to the south in the
course of the basin development, with the increasing propor-
tion of eroded crystalline basement-rocks (M. Juskowiakowa,
1. Pokorski, 1970). The sedimentological-facies studies have
demonstrated that these are relatively immature sediments
with short transport distances, developed mostly as alluvial
fan {op. cit.) and braided rivers lithofacies. The entire succes-
sion ranges to 60 m in thickness, with 2 maximum up to 100
min places, and is composed of at least five depositional units
developed as fining-upward cycles. The small islands lacking
Rotliegend dcposits have been found in the study area which
suggests differentiated palaesotopography of the basement,
probably displaying hierarchical system of river valleys evi-
dencing erosional origin of the basin. The further evidence are
highly variable sediment thicknesses. In general, however, the
more coarsely-grained deposits occur in the south, passing to
the north into more and more fine-grained ones.

The outline and extent of the MB are closely related to the
neighbouring palaeohighs: South Baltic one in the north and
thc M—SH in the south. According to the Lithuanian data
{Atlas of the lithologic-paleogeographical maps..., 1990) the
northern basin portion is similar to the southern one in the
existence of a system of palaeo-valleys perpendicular to its

margin; it was, however, topographically less inelined and
thus formed less significant sediment source. J. Pokorski
{1974) suggested a tectonic origin of the basin stating that
formation of the Saxonian macroeycle in the Precambrian
Platform area is related most of all to a regional downwarp at
the turn of the Rotliegend and Zechstein times. In the later
paper (J. Pokorski, 1997) he writes, however, that the stable
Precambrian Platform area did not undergo subsidence and
the Rotliegend deposits fill palaeorelief, without explaining
how was the palaeorelief formed and what was the fate of its
original sedimentary infill. It is to be remainded that we are
dealing with the basin with a mapped E-W extent of nearly
400 km. The formation of such a vast depression must have
been associated with an output of a considerable amount of,
mostly fine-grained, clastic material.

The shape and lateral extent of the MB, the thickness of
the depositional fill and mapped lithofacies distributions are
indicative, according to the present author, of erosional rather
than tectonic origin of the sub-basin and of its relationship
with the CB. The basin has formed due to lowering the
erosional baselevel in the Upper Rotliegend CB. Its geometry
reflects the area most susceptible to erosion, built of the
Silurian sediments. The late sedimentary fill pre-dating the
Zechstein transgression represents frozen drainage system of
an accumulation phase comparable to a highstand system
tract, with elevated or stable erosional bases.

CHEEMNO PENEPLAIN

This is a marginal CB (Mid-Polish Trough) area located
between the southeastern termination of the Koszalin—
Chojnice zone and a marginal portion of the M—SH in the area
of the Biezuni Bay (Fig. 6). The peneplain has been underlain
by clayey Silurian rocks, susceptihle to erosion and therefore
probably forming one of the most important clay material
sources for the playa system, particularly for its upper dry
complex. The lithological homogeneity of the bedrock in the
area, favoured the formation of flat lowlands during suc-
cessive phases of erosion accompanying lowerings of ero-
sional bases. During intervening periods of erosion the area
could have displayed differentiated topography related to
developing drainage system and, possibly, to taking over a
role of a transfer zone for sediments accumulating in the MB,
The area underwent multistage erosion of unclear extent. In
the authors opinion, prior to the Zechstein transgression it has
formed a broad topographic depression opened towards the
CB.

According to pioneer analysis by J. Pokorski (Atlas lito-
facjalno-paleogeograficzny..., 1978) the MB formed isolated,
hydrologically confined depocentre not forming sourcc area
for the CB. The main sediment-transport directions towards
north and north-west have been interpreted basing on litho-
facies mapping results, analysis of maximum grain sizes (I.
Pokorski, 1974) and heavy-minerals study (M. Juskowiako-
wa, J. Pokorski, 1970). The evidence is suggestive of a model
of further westerly transport of sedimentary material and
possibility of the Rotliegend deposits extending to the south-
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west, to the CB margin. The area may have formed a transfer
zone for the sediments carried away from the northern part of
the M—SH with fine-grained sediments of the Silurian proven-
ance being introduced during the course of transportation. In
the Szubin IG 1 well the lithoclasts of the coarse clastic
fraction are composed of more than 15% of magmatic and
metamorphic rocks from the eroded M-SH (A. Maliszewska,
J. Pokorski, 1986).

The northern MB part together with the hypothetical trans-
fer zone (Fig. 6) may have been supplied mostly with a clayey
material from the vast exposures of the Silurian in the north-
west, possibly also from the SB region during the last stage.
The southern zone has been dominated by a more coarsely-
grained material derived directly from the ercsion of the
M-SH. Dcpending on a magnitude of erosion (changes of
erosional bases), either a sediment-mixing zone may have
occurred in the axial transfer zone or one of main lithological
components may have predominated. Such a model of the
drainage zone, reflecting the eroded bedrock lithology, im-
plies its asymmetry, with a main drainage axis having been
shifted to the north of the margin of the initially more exposed
M-SH. The asymmetry of the MB and PB was stressed by J.
Pokorski (1971, 1974) who, however, attributed this phe-
nomenon to tectonic controls rather than to processes of
differential erosion.

In few wells that have reached the Silurian below Zech-
stein there is so far no evidence in core materials for the
existence of the Rotliegend clastics in the possible transfer
zone. However, in the authors opinion this does not exclude
such a possibility. The zones of a sediment transfer may have
been limited to a network of relatively narrow palaco-valleys
with their outlets facing the areas of maximum subsidence in
the CB, i.e. Mid-Polish Trough (M. B. Edwards, 1995) (Fig.
6). Width and depth of the valleys may have been controlled
by a laleral range and rate of shift of erosional bases. In
general, a stage of a deep incision was followed by a period
of drainage zones development and peneplain formation.
During periods of stable continuous subsidence in the CB a
slow erosion has been occurring over extensive catchment
areas. This has led to tevelling of a relief (lateral erosion and
long-distance transport), most of all of the Silurian clayey
bedrock, and to related supply of a clay material to the basin.

One can assume the development of a main northern zone
transferring sediments to the Czaplinek—Szubin area. The
zone could have included gorges or a roley ramps system in
the CB edge built of the Devonian rocks. The northern zone,
in addition to intermittent sandstone input, may have drained
considerable amount of clayey material. The second, southern
transfer zone may have had its mouth facing the £.6dZ De-
pression {J. Pokorski, 1997). It may have ran paralle] to the
Biezuf Bay (Atlaslitefacjaino-palecgeograficzny. .., 1978) as
possibly evideneed by preserved parts of sandy braided-river
sequenees in the Byczyna area. The southern zone may have
drained relatively larger amounts of a coarse elastic material,
both sandy and gravelly, derived from closer or more remote
regions of the eroded M-SH.

In the reconstructed eross-section I-I (Fig. 2), located
perpendicularly to directiong of sediment transport from a
northern and eastern basin margin, marked are presumed main

stages of mostly fine-grained sediment supply to the basin.
There are three episodes (P1 to P3) of a considerable flux of
clayey material forming a main component of playa sedi-
ments. Each of the episodes was probably related to enhanced
erosion of the Silurian bedrocks. Only in a case of the lower
wet playa complex also the WH has been important sediment
source area. Successively retreating erosional escarpments
have finally reached sandstones accumuiated in the inner part
of the drainage area and transport of sand towards the basin
has started. In such a way, significant changes in erosional
baselevels have led to a formation of megasequences with
reversed grading. The sediments have been transported pres-
umably mainly in the northern erosional and transfer zone
(Figs. 5 and 6). The outlet of the zone to the basin has shifted
gradually to the south during the sediment deposition (sedi-
ment fluxes P1 to P3). In a terminal stage of the Rotliegend
basin development indications of a reactivated sand supply
appear over vast areas the basin.

During pericds of a strong subsidence in CB, particularly
in its marginal zones, there has been an increase of erosion
rate and reactivation of transfer zones. Stronger erosion have
created ineised valleys and have led to a coarser sediment
transportation for longer distances. The sediments have been
undergoing sorting in the transfer zone (P. F. Friend, [993).
The palaeogeographic map (Fig. 5, based on: I. Pokorski,
1988) presents assurhed possible geometry of the transfer
zone during its last developmental stage, predating the Zech-
stein transgression. It has been presumably a period of rising
erosional baselevels and associated minor periodic transport
of a detrital material from a remote area of the MB. Within an
axis of the exlensive drainage system there could have existed
a network of shallow broad palaeo-valleys eroded in strongly
weathered Silurian clayey rocks and, perhaps, in some cases
filled mostly with a redeposited Silurian material.

PODLASIE BASIN AND THE MAZURY-SUWALKI HIGH
(BIEZUN BAY)

The Podlasie Basin (PB) (Fig. 5) is represented by the
Rotliegend deposits filling the palaeomorphological structure
labelled the Podlasie Depression. The basin, carefully studied
by J. Pokorski (1971, 1974, 1978), is mostly represented by
fine elastics (mainly sandstones) with a similar composition
as those in the Peri-Baltic Depression, i.e. derived from the
northern M—SH, with an admixture of Devonian and Upper
Carboniferous material from the Radom-Lublin area in the
south. Basing on heavy-mineral assemblages in the Rotlie-
gend, J. Pokorski (1971) determined temporal changes in
main directions of a sediment supply to the PB and mapped
several palaeo-valleys at the same time assuming tectonic
controls for some of them (J. Pokorski, 1978). In the northern
part of the PB coarse detrital fraction dominates in alluvial fan
facies (J. Pokorski, 1974 distinguished 3 main alluvial fans
there); overall, however, sand fraction is dominant in the
basin. The Rotliegend thicknesses have been found to exceed
50 min wellsin central parts of the sub-basin where, however,
also elevated erosional remnant of the substrate has been
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I, Pokorskiego, 1997), 3 — linie przekrojdw paleostrukturalnych (fig. 2—4)

detected. This observation and a variable pattern of sediment
thicknesses mapped by J. Pokorski (1971} is the evidence of
a differentiated basin substratum being in favour of its ero-
sional rather than tectonic origin.

Mapped geometry of the PB (Atlas litofacjalno-paleoge-
graficzny..., 1978) displays a characteristic development of a
drainage zone between the M—SH (forming palaeowatershed
with the MB) in the north and the Radom-Lublin High in the
south. The sediments accumulating in the basin have been
periodically reactivated and carried out to the CB in concert
with climatic changes and shifting baselevels in a gorge zone
linking both the depocentres. Existence of such a gorge is
necessary to explain assumed palaechydrelogical drainage
and removal of sediments leading to a formation of such an
extensive erosional feature. J. Pokorski (1971) mentions it as
the Okunie~Debe Wielkie Depression (suggesting the exist-
ence of many similar depressions) through which “...the ex-
cess of waters and also finer clastic material discharged....to
the Kujawy-Pomorze basin”. It is not clear how significant
was the proportion of the material carried away from the PB

in overall mass balance of the CB. It could have been import-
ant in its southern part as a possible source of material for
aeolian sandstones deposited on the western flank of the CB.

The M—SH which was a principal source of sediments for
the PB and MB to some degree has supplied also a clastic
material directly to the CB ignoring transfer zones. This is
exemplified by the Biezun Bay (J. Pokorski, 1978) repre-
senting probably one of several palaco-valleys developing
around the M—SH. Sediment transported in this loca] drainage
systemn has been supplied directly to the CB,

HIGHS NEAR THE SOUTHEASTERN BASIN MARGIN
(HOLY CROSS AND SILESIAN-CRACOW)

This area is characterized by differentiated palaeotopo-
graphy and geological structure of source areas (Fig. 5). The
eastern, more differentiated part is bounded to the north by
the active Gréjec fault zone influencing subsidence develop-
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ment and thus inducing frequent changes of erosional basele-
vels. This may be reflected in three main fluvial depositional
sequences E1 to F3 developed to the north of the southemn
basin edge (Fig. 2). Axes of the drainage system (palaco-val-
leys) have been running along tectonic zones striking NW-
SE. Consequently, the drainage system has been relatively
deeply incised and developed far into source areas whereas
the transported material was of a very variable provenance.
The differentiated palaeotopography is confirmed by the sub-
sequent development and distribution of the Zechstein litho-
facies (A. Morawska, 1992; R. Wagner, 1994), The western
part of the catchment area formed a more uniform system
causing a drainage system to be much weaker developed with

dominance of a local sediment source in the basin marginal

Zone.

WOLSZTYN HIGH

During the evolution of the Rotliegend basin the Wolsztyn
High (WH) (Fig. 5) has been an important elevated element
undergoing erosion and during most of the time supplying

terrigenous material to the Silesian Basin and, at the early
stage, also to the CB (Fig. 8, sequences 1-3 and 6). J. Pokorski
{1988) on his palaeotectonc map of the Upper Rotliegend
distinguished several elevations within the WH, defined as
degradation areas divided by depressions (tectonic grabens).
Above palaeotopography has been controlled structurally in
the area forming part of the Variscan externides belt (R.
Wagner et al., 1980).

The area, initially covered by thick volcanic rocks, has
been probably faulted and subsequently strongly eroded and
cut by several, mostly structurally controlled, valleys (P. H.
Karnkowski, 1991}. The grabens are commonly filled with
thick coarse clastic deposits. The palacogeographic-facies
sketches (Fig. 8) show progressive degradation and differen-
tiation of the eastern and western part of the WH area along
with a gradual development of more mature drainage zones.
It seems thal the eroded material has been transported mostly
towards the south, to the SB (Fig. 5). Sedimentological inves-
tigations confirmed a dominance of fluvial deposits along the
southern slope of the WH., This has been caused i.a. by
blocking the drainage systems development in the north,
towards the CB, by dune fields of the Eastern Erg expanding
to the south-west.

PALAEOGEOGRAPHY AND DEPOSITIONAL SEQUENCES

The basic depositional lithofacies are represented by tex-
turally and compositionally variable conglomerates, sand-
stones and siltstones. The distribution and thicknesses of the
tithofacies reflect polygenetic character of the basin. In the
northweslern part fine clastic sediments up to 1400 m thick
predominate whereas in the southeastern part such sediments
are subordinate and the entire sequence attains a thickness of
800 m at most (J. Pokorski, 1988). At the same time, concen-
tric distribution-pattern of the lithofacies, typical for many
alluvial basins, characterizes the Rotliegend basin, particular-
ly its NW part, with some asymmetry dueto adepocentre shift
towards the eastern basin margin. Lithofacies geometry indi-
cates continuous lateral expansion related to topographic le-
velling in the marginal areas and overstepping depositional
pattern presumably controlled partly by a crustal extension.
The overstepping lithofacies arrangement presumably has
been directly caused, particularly at the last stage of the basin
development, by a predominance of an accumulation rate over
a subsidence one.

Basing on analysed Rotliegend sections several deposi-
tional sequences have been distinguished, reflecting stages of
evolution of the sedimentary basin. The sequences have been
arbitrarily defined mainly on the basis of vertical lithological
changes interpreted in terms of changing sedimentary envi-
ronments distinguished in the course of sedimentological
analysis of a core material. It has been attempted to correlate
the sequence boundaries defined in studied sections across the
basin assuming their isochroneity. To accomplish this, three
sections have been constructed (Figs. 2-4) restoring original
geometry of some parts of the basin and depositional systems

architecture for the time of deposition of the uppermost Rot-
liegend. Such a procedure made it possible to understand and
integrate the synchronous development of different deposi-
tional systems, as well as to trace main developmental trends
of particular systems. In addition, the diachroneity of deposi-
tional trends related to diastrophism and climate has been
emphasized.

Presented analysis refers to the part of the Rotliegend
basin between the T-T Zone in the north-east {coinciding
more or less with the Precambrian East European Platform
edge) and assumed range of the area affected by Variscan
deformations in south-west (Fig. 7). To make the description
more clear several palaeotectonic elements have been distin-
guished, earlierdefined as blocks with deep structural controls
(J. Pokorski, H. Kiersnowski, 1996) or proposed in the present
paper. Postulated blocks in the sub-Permian substrate (Fig. 7)
are areas characterized by a mobility during basin evolution
and thus determining sedimentation patterns. The area of
Variscan deformations includes palaeotectonic elements
composing vast region of the WH (J. Pokorski, 1989) as
shown in Fig. 7. The sketches (Fig. 8) present palacogeo-
graphic-facies models of the basin for terminal stages of
particular depositional sequences. Thus, the boundaries
drawn between particular sequences are thought to represent
time boundaries. Tt is also possible to distinguish several
minor lithogenetic units comparable to parasequences. Three
main depositional systems, marked in Fig. 8 with different
graphic patterns, display a dynamic pattern of changes during
the basin evolution. This has been described in comments to
particular depositional sequences. The sequences are
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presented against the background of main clastic lithofacies
distribution. The described sequences, their boundaries and
interpretation represent the authors views referring to the
current state of knowledge of the Upper Rotliegend basin
structure and its sedimentary fifl,

DEPOSITIONAL SEQUENCE 1

The deposits of this sequence are interpreted as starting
the Upper Rotliegend sedimentation in the area of future
central Permian basin (Fig. 8). After a period of volcanism,
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zone of the Variscides block. The Pita Trough is probably
linked with the Czaplinek Trough in the north-west, whereas
to SE it gradually disappears, probably in the Byczyna Block
area. During the same time also the Kérnik—Wrzegnia Trough
could have been initiated, and also other troughs {grabens) to
E and SE of the Wrzegnia region. Remaining areas have been
undergoing slow erosion or a small-scale accumulation has
been continuing in so far unresolved depocentres (e.g. Kutno—
t.6dZ area), The extensive and shallow Czaplinek Trough and
probably narrower Pita Trough have been filled with prograd-
ing sequences of alluvial fan deposits, and, in the central parts,
probably fluvial deposits of braided rivers. Predominant were
sandy-conglomeratic lithofacies.

DEPOSITIONAL SEQUENCE 2

The sediments composing this sequence reflect a period
of slowed subsidence and probable expansion of the basin and
thus of clastic deposition areas (Fig. 8). Gradual filling with
sediments has been associated with slow subsidence in the
Czaplinek and Pita Troughs. Still active have been tectonic
edges of the following blocks; Piaski-Resko, Ciechnowo—
Biatogard, Czaplinek—Ziotéw and Stargard. In addition, a
probable regional tilt of the Czaplinek—Zlotdw Block to ESE
has been observed. The SE prolongation of the Pita Trough
seems to be less significant. In the remaining areas erosional
processes prevailed. In the Kérnik—Wrzeénia Trough presum-
ably accumulation of fluvial deposits has started. The axes of
drainage zones have been located along the grabens, but the
drainage embraced considerably broader areas outside the
grabens. Probably in the most depressed area of grabens

MAIN LITHOFACIES SEDIMENTARY ENVIRONMENTS DEPOSITIONAL SYSTEMS
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two tectonic grabens have been formed with incipient small
depocentres: (1) Czaplinek Trough bounded to NW by the
elevated Piaski-Resko Block and to SE by the Czaplinek—
Ziotéw Block, and (2) Pita Trough bounded to NE by the
Czaplinek-Zlotéw Block and to SW by a hypothetical edge

connection the playa lake has formed. The troughs have been
filled with mainly prograding facies of alluvial fans arranged
in retrogradational sequences, and probably with braided-
river facies along axes of drainage zones.
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DEPOSITIONAL SEQUENCE 3

The sequence 3 is characterized by a considerably wider
distribution of clastic sediments, which represent several sub-
basins with local depocentres (Fig. 8). The deposits record a
new stage of the basin development related probably to its
lateral expansion controlled by extensional tectonics (tilting
and subsidence of particular blocks in a substrate) and devel-
opment of new depocentres. There has been marked increase
in subsidence in a zone parallelling the presumed Variscan
front. The first stage of subsidence in the Czaplinek Trough
has been terminated while the subsidence started in the Cza-
plinek-Ziotéw and, possibly, Bydgoszcz—Szubin Block
areas. In the Czaplinek Trough the playa has been pushed out
by prograding fluvial system developing in the eastern part of
the Ciechnowo—Biatogard Block. Minor tilting or subsidence
of the above block could have been associated with the
development of an initial tectonic zone in the Resko region,
probably related to the Trzebiatéw fault zone (I. Pokorski,
1990). Small graben developed near Resko, filled with coarse
clastics, derived mainly from erosion of a local volcanic
cover. At the same time the playa has been expanding upon
presumably tilted SE slope of the Czaplinek—Z1otéw Block.
The playa development towards SE in the Szubin direction
has been blocked by topographic barrier developed due to
activation of the Bydgoszcz—Szubin Block. Probably, also a
slow subsidence of the Mogilno—Kenin Block commenced,
where dune frelds of the Eastern Erg migrating from S and SE
have blocked the playa expansion to the south. Fluvial de-
posits (Pita IG 1) have appeared intermittently even in more
central playa areas. The predeminance of the playa system in
the Pita region could have been an effect of faster subsidence
close to the tectonic line between Pita and Objezierze. In the
remaining area erosional processes have been continuing
parallel with gradually expanding drainage zones.

DEPOSITIONAL SEQUENCE 4

These deposits record further lateral expansion of a sub-
sidence area with new aetive tectonic zones involved and a
gradual structural basin rearrangement (Fig. 8). In the north,
in newly developed small graben in the Resko region, alluvial
fans have been prograding, which was probably associated
with further tilting of the Ciechnowo-Bialogard Block to SE
and with further considerable subsidence near the edge of the
Czaplinek Trough and the Piaski-Resko and Ciechnowo—
Bialogard Blocks. In the area of the Czaplinek 1G 2 well-sec-
tion fluvial sediments have been deposited probably with
intermittent aeolian intercalations. The subsidence along the
Czaplinek-Ztotdw line increased, which was connected with
expansion of the playa to NE up to the line of wells Okonek—
Lipka—Zabartowo. This line together with synsedimentary
fault located between Bydgoszcz and Szubin evidence a de-
velopment of new active tectonic elements (a sill or several

stils forming tectonic steps) controlling increased subsidence
along the margin of the T-T Zone. Possible reactivalion
embraced also northemn flank of the Byczyna Block. In the
northern part of the basin, the fluvial system, permanently
developing from NE, has been burying and pushing out the
playa to the south. Southern expansion of the playa has been,
however, blocked by an ongoing development of dune fields
of the Eastern Erg towards N and NW (Pita IG 1), whereas its
SE propagation has been hampered by an alluvial system
prograding from a postulated edge of the Byczyna Block.
Aeolian sands bave been trapped in the Kérnik—Wrzeénia
Trough which has been undergoing continuous subsidence. In
the remaining area erosional processes have been continuing
with related gradual expansion of drainage zones.

DEPOSITIOGNAL SEQUENCE 5

The deposits of this sequence reflect the ongoing sub-
sidence throughout the entire basis area, which has been
compensated by a fast increase in sediment thickness mainly
of the playa system (Fig. 8). The depocentre has been located
probably along the Variscan front, i.e. along the flank of the
Stargard Block. Other active zones comprised flanks of the
Piaski-Resko and Byczyna Blocks. Fluvial system has re-
mained active in the Czaplinek Trough area. Over the remain-
ing area the playa has expanded by encroachment over the
western part of the Piaski-Resko Block, overstepping the
Lipka—Zabartowo tectonic zone and reaching the Bydgoszcz
region. Towards SE the playa development has been limited
by a conspicuous elevation of the Byczyna Block and prob-
ably further to the east by continuous development of dune
fields of the Eastern Erg. Formation of extensive alluvial
plains dominated by sandy facies around the playa enabled a
development and migration of aeolian sediments across the
entire basin. Thin aeolian sand covers have been deposited in
the Resko Trough area and near Zabartowo where they trans-
gressed over playa area probably after migrating from the
Bydgoszcz region. At the same time the aeolian sands have
been still trapped in the subsiding Kérnik—Wrzegnia Trough.
Over the remaining area erosional processes have been oper-
ative continuously.

The polycentric alluvial basin was a depocentre for a vast
drainage system developing around it. The system has been
modified by an activity of tectonic blocks controlling a devel-
opment of the basin and its margins. It has been particularly
well-developed in N and NE where erosion affected Lower
Palaeczoic rocks of the South Baltic High. In the east eroded
were the Silurian and Proterozoic rocks of the M-SH. In §
and SW erosion affected volcanics of the WH, whose import-
ance gradually decreased due to blocking the basinward drain-
age by dune fields developing in the north-west. The source
area forthe aeolian sandstones was located in the south (where
it is unknown) and in the south-east, in the incipient Podlasie
Basin.
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DEPOSITIOCNAL SEQUENCE 6

The sediments of the sequence 6 record the clear turning
point in the basin development (Fig. 8). It consisted in activa-
tion of new tectonic zones and associated repeated expansion
of the basinal tectonic framework. Strong pulse of subsidence
over entire basin have caused rapid breakdown of erosional
baselevels and activation of further source areas. Sediment
transfer zones have originated along with a strongly de-
veloped drainage system supplying fluvial sandstones down
to the basin centre. The process has not been uniform as it was
associated with slowdown or termination of subsidence in
many parts of the basin, and with a partial erosion of older
sediments within the accumulation area. Activity continued
along tectonic edges in the Okonek-Lipka—Zabartowo—Byd-
goszcz zone and in the Byczyna Block which probably has
been tilting gradually to the north-east. Continuously develo-
ping fluvial system from NE has buried the Ciechnowo—
Bialogard Block decreasing significance of the Resko Graben
and leaving isolated elevation of the Piaski Block. The Star-
gard Block has been still eroded. At the same time, the SW
basin margin has become active in the Obrzycko—Objezierze
region and the small Poznan Sub-basin has been formed at the
western prolongation of the Kérmik—Wrzeénia Trough. The
relic playa, presumahly forming a fresh-water lake, has de-
veloped probably only in the local depocentre forming pro-
longation of the Pila Trough along the Nowogard—Walcz axis.
It represented hydrologically closed basin presumably lack-
ing the western linkage with the German Basin. The contrac-
tion of playa has been controlled by a rapid progradation of
rimming fluvial deposits towards the basin centre. Particular-
ly active has been still the drainage zone developing in the
Czaplinek Trough area (perhaps due to a slow subsidence
along the flank of the Czaplinek—Ztotéw Block) which was
manifested in encroachment of a coarse clastic facies far into
the basin. Development of dune fields of the Eastern Erg has
been stopped, and a subsequent period of stagnation and
erosion followed. Over the tilted(?} Byczyna Block, along its
NE tectonic flank, the fluvial deposits have developed owing
to a system of braided-rivers flowing probably towards the
unknown depocentre located in the Kutno—t.6dZ Block area.
In SE basin peripheries the tectonic Gréjec zone has become
active, bounding the basin from the south. This area is char-
acterized by sediments of alluvial fans prograding to NW,

DEPOSITIONAL SEQUENCE 7

The deposits of the sequence 7 reflect a rapid pulse of
subsidence over the entire basin (Fig. 8). It has been expresscd
among others as a renewed considerable expansion of the
playa most of all to the north and east, which could have been
related to a shift of depocentres in those directions. A western
connection with the German Basin has been opened (reop-
ened?). During the initial phase, probably owing to a new
stape of crustal extension, reactivation embraced tectonic
zones separating particular blocks in the substratum, Their

activity is particularly well visible during the onset of deposi-
tion of the described sequence. A very strong subsidence
appeared along the Piaski—Resko Block. The Czaplinek-Zio-
téw Block has been probably tilted to SE with resultant
sediment-thickness increase near the boundary with the Byd-
goszcz—-Szubin Block. Tectonic zones between Szubin and
Byczyna, and between Szubin and Bydgeszcz have been also
active. The Byczyna Block has strongly subsided and has been
buried gradually, much the same as in the case of the Piaski-
Resko Block. Sedimentary cover appeared upon the so far
eroded Stargard Block, probably due to an onset of sub-
sidence.

During later stage of deposition steady strong tectonic
activity has been more pronounced in marginal parts of the
basin whereas activity of intrabasinal faults ceased and a
subsidence has slowed down. It seems that the influence of
the tectonic edge Okonek-Lipka—Zabartowo—Bydgoszcz
ceased whereas the edge near the Wilcze IG 1 well has been
reactivated. Similar synsedimentary faults have played an
important role in the area of the Okonek 1 well, to the east of
Byczyna, to the south-west of the Objezierze 1G 1 well, in the
zone flanking the Zakrzyri—Kalisz Block and, finally, in the
Budziszewice zone with the active Gréjec fault zone. Dune
fields of the Eastern Erg after having buried topographic
depressions (grabens) encroached over marginal parts of the
WH and dominated considerable parts of the Poznari Trough.
Fluvial deposits dominate along northern and northeastern
basin margins. Probable renewed influence of the tilted Cza-
plinek—Ztotéw Block is marked there by pushing to SE one
of the main drainage systems. Sediments of fluvial channels
are found in the playa area, evidencing periodic progradation
of the fluvial system,

DEPOSITIONAL SEQUENCE 8a

The sequence reflects ongoing basin subsidence whose
main axis has been running from Resko to Byczyna region
(Fig. 8). The playa has remarkably expanded probably due to
shifting of subsidence centres towards NE and SE along the
T-T Zone. At the same time the playa area started to embrace
NE slopes of the WH while dune fields of the Eastern Erg have
been encroaching further over the high, Southeastern tectonic
margin of the basin has become less important and the basin
has been opened further to the south, with periodic rivers

~ lransporting clastic material into the vast alluvial plain area.

In turn, the material has been deflated and deposited further
to NW as aeolian sediments of the Eastern Erg. In the Czapli-
nek—Okonek area the regional fluvial system has continued to
develop. Both Piaski and Stargard Blocks underwent strong
subsidence. In the Piaski PIG 2 area a conspicuous fluvial
system has developed with drainage axes related probably to
the Trzebjatdw tectonic zone active further to the north (J.
Pokorski, 1990}. It may be observed, particularly in the better
studied NE part of the basin, that fluvial deposits occur within
the playa system as distinct horizons which evidences their
cyclic development.
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Fig. 9. Schematic cross-section of the Mid-Polish Through (Central Basin) and Silesian Basin showing their simplified depositional architecture
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DEPOSITIONAL SEQUENCE 8b

The sequence represents the upper part of the depositional
sequence 8 (Fig. 8, sequence 8b). [t has been distinguished in
order to present the stage of a maximum Rotliegend develop-
ment, directly predating the Zechstein sea transgression (Fig.
8, sequence 8b). Maximum range of the Rotliegend deposits
has been shown basing mostly on the map by J. Pokorski
(1997). Playa has reached its maximum overstepping range
over nearly entire basin area. The thicknesses of the acolian
and fluvial systems have reached their maximum values, at
the same time filling the remaining topographic relief of the
substrate. Towards SW the playa has extended to Strzelce
Krajerniskie and Objezierze areas while in the north it onlapped
the Moracz and, partly, Stargard Blocks with a broad opening
to the west towards the German Basin. At the same time,
during the last stage of sedimentation, a fluvial system has
become active in NE which has been manifested as a periodic
development of fluvial sequences within the playa deposits.
Over the remaining area, similarly to the sequence 8a, pre-
dominant have been sediments of the aeolian system and
periodic rivers of wadi type. The uppermost sediments record
initial effects of developing Zechstein transgression. These
are pelitic lacustrine sediments observed in the basin centre

in Byczyna area, and various transgressive sediments of a
shore zone related to liguefaction and redeposition of dune
deposits, widespread in the marginal basin areas.

Development of a thick and extensive sedimentary eover
in the basin due to accumulation of the 7, 8a and 8b sequences
was associated with considerable modifications of drainage
zones. Source areas located closer to depocentres have been
buried and erosion shifted farther away. Subsidence pulses
have induced fast changes of erosional baselevels and activa-
tion of erosion in source areas. Initially, erosion has affected
closest areas undergoing strongest influences of baselevel
shifts. The ongoing development of a rejuvenated drainage
zone has led to outward migration of an erosional scarps with
a delayed involvement of more remote areas into an active
drainage zone. Sediment transport from longer distances has
been associated with broad transfer zones (Figs. 5 and 6). In
the authors opinion, the strongest changes in palaeotopo-
graphy of the source areas have been related to a formation of
erosional depressions in the arcas of the later developed
Zechstein Baltic and Podlasie Bays (R. Wagner, 1994}, West-
ern part of the Wolsztyn High has also undergone consider-
able destruction and disintegration. Strong development of
aeolian system has been related to efficient sources of a
detrital material in E and S, and only locally in SW.

CONCLUSIONS

1. The sedimentary development of the Polish Upper
Rotliegend Basin involved three interdependent depositional
systems: fluvial, aesolian and playa systems,

2. The development of particular systems have been con-
trolled by structural evolution of the extensional (incipient
rift) basin and concomittant palacoclimatic fluctuations.

3. The above depositional systems have influenced each
other via complex interrelations. Of particular importance
was the influence of the aeolian system, largely independent
of factors controlling sediment accurnulation within the hy-
drologically closed alluvial basin, and thus shaping develop-
ment of remaining systems.
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4. The important control of basinal deposition have been
the changing sediment source areas and sediment transport
directions. During the early stage of the basin evolution main
source areas have been located in the west and north. Latet
on, eastern and southern areas have became dominant, It is
here assumed that the important role in sedimentary budget
of the basin has been played by periodic sediment transfer
zones linking Central Basin (= Mid-Polish Trough) with
periferal sub-basins on the Precarmbrian East European Plat-
form (EEP). The existence of extensive drainage zones im-
plies the possibility of broad erosional depressions on the EEP
existing before the Zechstein transgression.

5. Sedimentary fillis composed of two depositional cycles
contrelled by diastrophism. The lower megacycle has been
subdivided into five depositional sequences, whereas the
upper one — into four sequences.

6. The lithofacies pattern is asymmetrical (polycentric)
and displays overall overstepping trend of the onlap type.

7. The central basin had a polygenetic origin, controlled
by basement blocks but, at the same time, it displays general
characteristics of a half-graben with the maximum subsidence
along the edge of the main fault system in the north-east. The
same zone and the axial one are characterized by predomin-
ance of finest-grained clastic lithofacies.

8. The persistant occurrence of the playa system (i.e. the
lacustrine system of an arid climate) with asymmetrical de-
velopment of acolian sediments along the margins, allows to
define the Rotliegend Mid-Polish Trough as lacustrine half-
graben basin of Fundy-type (P. E. Olsen, 1950).

9. Sediments comprising the fluvial system during its
maximum extent form an accretionary wedge prograding
generally from north-east to south-west.

10. The aeolian system occupied areas with slower sub-
sidence thus accentuating the basin asymmetry and delineat-
ing its less active (SW) marginal zone.

Translared by Marek Narkiewicz
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ROZWOJ SEDYMENTACJI W POLSKIM BASENIE GOR}\]EGO CZERWONEGO SPAGOWCA
IEWOLUCJA JEGO OBSZAROW ZRODLOWYCH

Strecszczenie

Przeprowadzono analize sedymentologiczno-facjalng osadéw gémege
czerwonego spagowca na podstawie rdzeni i danych geofizycznych pocho-
dzgeych z kilkudziesieciu otwordw wiertniczych zoajdujacych sig na obsza-
rze polskiego permskiego basenu sedymentacyjnego. Wykazano, 2e lrzy
podstawowe systcmy depozycyine: fluwialny, eoliczny i plai determinowaly
rozwdj pokrywy osadowej. Osady tych systeméw depozycyjnych powstawa-
ty generalnie w warunkach klimatu podzwrotnikowcgo, suchego z okreso-
wymi opadami. Z tego powodu rozwdj i zasigg osadéw fluwialnych byl
limitowany i czgsto 4cigle zwiazany z lokalnymi strefami drenazu. Rozwoj
osaddw eolicznych byl giéwnie kontrolowany przez flukiuacje paleoklimatu.
Zosialy wydzielone obszary zdominowane przez rozlegte pokrywy piaskow-
cdw wydmowych 0 znacznej migiszosci (Erg Wschodnii Erg Poludpiowy).
Osady plai osiagaja réwniez znaczne migzszodci. Plaja w trakeic swojcj
historii depozycji podlegala znacznym fluktuacjom, zmieniajac zasigg i
przemicszcezajac sig w poprzek basenu. Dzialo sig tak na skutek przesuwania
sig centréw depozycji omz okresowego spychania plai przez progradujacy
system fluwialny lub zastgpowania jej osadéw migrujacymi w poprzek
bascnu kompleksami wydm.

Wymienione systemy depozycyjne wspétistnialy w trakecie ewolucji
basenu oddzatywujac na siebie wzajemnie. Szczegdlnie istotne bylo oddzia-
hywanie eolicznego systemu depozycyjnego, kidry nie podlegajac general-
nym regutom akumulacji w zamknigtym hydrologicznie basenie aluwialnym
modyfikowal rozwdj pozostatych systemdw depozycyinych. Skala rozwoju
poszczegdlnych systemow depozycyjnych byla warunkowana flukiuacjami
peleoklimatu i rozwojem tektonicznym basenu (jego zakladana ekstensia,
zriinicowang w czasie i przestrzeni suhsydencja i zwiazang z tym zmienna
przestrzenig akomodacii). Przeprowadzono analize paleostrukfuralng, na
podstawie ktdrej przedstawiono mode! rozwoju bascnu oparty o wydzielone
sekwencije depozycyjne. Granice sekwencii depozycyjnych sq w zaloZzeniu
izochroniczne 1 majaodzwierciedlaé charakter zmian (0 genezie tektonicznej
lub paleoklimarycznej) zachodzacych w catym basenie w poszezegdlnych
stadiach jego rozwaju.

Czedé pracy zostala po§wigcona analizie potencjalncgo wplywu obsza-
réw Zrédlowych na obserwowane zmiany w rozwoju sedymentacji w basenie.
Skonstruowanc model wydarzen depozycyjnych, na podstawic ktérego wy-
kazano, ze istotne znaczenie dla depozycji w basenie odgrywaty zmiany
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wielkosci obszardw #rédlowych i zmienne w czasie kierunki transportu
materiatu osadowego. We wcezesnym etapie rozwoju basenu podstawowe
obszary Zrédlowe znajdowaly sie na zachodzie i péinocy. W péZnym etapie
rozwoju basenu zaczety przewazad obszary #rédiowe na wschodzie i polud-
niu. Zatozono istotng role w budzecie sedymentacyjnym basenu, okresowych
stref transferu osadéw, Yaczgcych eentmalny basen czerwonego spagowea z
pecryferycznymi basenami zlokalizowanymi na platformie prekambryjskiej.
Istnienie rozlegtych stref drenazu implikuje mozliwo$€ istnienia przed trans-
gresja cechsztyriska rozleglych erozyjnych obnized na platformie prekam-
bryjskief.

Wykreowany model architekiury depozycyjnej w basenie nasungl naste-
pujace konkluzje: (1) powstawanie osadéw wypehiajgeych basen zwigzane
jest z tektonika synsedymentacyjna; (2) caly kompleks osadowy tworzg dwa
megacykle depozycyjne o genezie diastroficznej: w dolnym megacyklu
depozycyjnym wyrdiniono pigé sekwencji depozycyinych, a w gémym
cztery; (3) rozkiad i pionowe nastepstwo litofacji w obrgbie calego basenu

sedymentacyjnego wykazujc generalnie tendencie przekraczajaca; (d) roz-
kiad litofacji w basenie jest niesymetryczny (policentryczny); (5) basen
pomimo swojego poligenicznego charaktery, uwarunkowanego blokowg bu-
dowsg glebokiego podioza, ma generalnie cechy pélrowu tektonicznego. z
najwigkszg subsydencja w giéwnej strefie krawedziowej; odzwierciedla sig
to w postaci dominacji litofacji najbardziej drobnoklastycznych w strefach
osiowych basenu oraz wzdhui jego péinocno-wschodniej krawedzi; (6) per-
manentne wystgpowanie w basenie systemu depozycyjnego plai {systemu
jeziomego klimartu suchego) z wystgpujacymi niesymetrycznie na jego ob-
rzezach osadami eolicznymi upowaznia do sklasyfikowania basenu jako
jeziomego, utworzonego w pélrowie tektonicznym; (7) osady fluwialnego
systemu depozycyjnego w trakcie ich najwigkszej ekspansji majg forme klina
akrecyjnege rozwijajacego si¢ generalnie z pétnocnego wschodu na polu-
dniowy zachdéd; (8} osady edlicznego systemu depozycyjnego okupuja ob-
szary o stabszej subsydencji, podkreélajgc w ten sposéb asymetrie basenu
(charakter pétrowu) i wyznaczajac jego mniej aktywng strefe krawedziows.





