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This study presents a synthesis of currently available data on the distribution of Cenomanian-age palaeodrainage systems in the Bohemian Cretaceous Basin, filled by fluvial and estuarine strata, and an interpretation of their relationships
to the basement units and fault systems. Much of the progress, compared to previous studies, was made possible by a recent basin-scale evaluation of Cenomanian genetic sequence stratigraphy. Several local palaeodrainage systems developed in the basin, separated by drainage divides of local importance and one major divide – the Holice-Nové Město
Palaeohigh – which separated the drainage basins of the Tethyan and Boreal palaeogeographic realms. The locations and
directions of palaeovalleys were strongly controlled by the positions of inherited Variscan basement fault zones,
whereas the bedrock lithology had the subordinate effect of narrowing or broadening valleys on more vs. less resistant
substratum, respectively. The intrabasinal part of the palaeodrainage network followed the slopes toward the Labe
(Elbe) System faults and was strongly dominated by the conjugate, NNE-trending, Jizera System faults and fractures.
Outlet streams – ultimate trunk streams that drained the basin area – are interpreted to have followed the Lužice Fault
Zone toward the Boreal province to the Northwest, and the Železné hory Fault Zone toward the Tethyan province to the
Southeast. At both the northwestern and southeastern ends of the Bohemian Cretaceous Basin, shallow-marine or
estuarine conditions are proven to have existed during the early Cenomanian. Direct evidence for syn-depositional subsidence during the early to mid-Cenomanian, fluvial to estuarine phase is very rare, and the onset of deposition by fluvial
backfilling of the palaeodrainage systems was driven mainly by the long-term rise in global sea level. Subtle surface
warping, mostly without detectable discrete faulting, is inferred to have been a response to the onset of the palaeostress
regime that later, with further stress accumulation, led to subsidence in fault-bounded depocentres of the Bohemian Cretaceous Basin and uplift of new source areas. • Key words: palaeodrainage, Cenomanian unconformity, Bohemian Massif, Elbe Zone, sequence stratigraphy.
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Palaeodrainage systems develop on subaerial unconformity
surfaces on all temporal scales, from geologically instantaneous through short-term cycles such as climate-driven
glacio-eustatic changes, to major cycles of continental encroachment. The location, dimensions, morphological patterns, and longitudinal profiles of a palaeodrainage are the
result of a multitude of factors, of which the structural fabric
and lithology of the bedrock are clearly the leading ones
(Howard 1967, Schumm & Ethridge 1994). Active tectonic
deformation on a local to regional scale, either closely
DOI 10.3140/bull.geosci.1128

pre-dating, or coeval with the palaeodrainage filling, can
significantly modify the record of the palaeodrainage on the
unconformity (Holbrook & Schumm 1999). The key to understanding the palaeodrainage pattern is the study of its earliest infill (e.g., Andresen 1962, Siever 1951) which, in case
of unconformities of long history, can reveal very complex
palaeotopography arrays (e.g., Leckie 2008).
The existence of a palaeorelief underlying the strata of
the Bohemian Cretaceous Basin (BCB; Fig. 1) and filled
initially by fluvial deposits has been known since the early
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Figure 1. Sketch map of the Bohemian Cretaceous Basin and the main
Variscan basement structures of the Bohemian Massif: structures of the
the Elbe Zone, Bavarian Fault Zone and the most important faults in the
Sudetes in black, Jizera Fault Group in dark grey, and the Teplá-Saxothuringian suture in white. Abbreviations: F – fault, LuFZ – Lužice Fault
Zone, LaFZ – Labe Fault Zone, ZHFZ – Železné hory Fault Zone,
SaFZ – Sázava Fault Zone, JiFZ – Jizera Fault Zone, ISF – Intra-Sudetic
Fault, SBF – Sudetic Border Fault.

studies of the BCB (Krejčí 1865, Frič 1869, B. Zahálka
1911). This palaeorelief developed within a major unconformity that separates strata of Cenomanian age (ca
99–93.5 Ma) from the underlying Variscan basement of the
Bohemian Massif and from post-orogenic sedimentary and
volcanic infills of basins of Late Palaeozoic to Triassic and,
locally, Jurassic age (e.g. Eliáš 1981, S. Voigt et al. 2008).
The base-Cretaceous unconformity is thus a composite,
polyhistory surface, over much of its extent marked by
palaeoweathering zones up to several tens of metres thick
(e.g., Slavík 1922, Kamarád & Malkovský 1956, Vachtl
1950, Vachtl et al. 1968, Störr et al. 1978, Klein et al.
1979). Locally, palaeokarst is developed on Palaeozoic and
Jurassic carbonate substratum (Bosák 1995 and references
therein). This surface records a period of planation and intense weathering in the Bohemian Massif, lasting for much
of the Mesozoic, with a significant planation reached already prior to the Callovian transgression (Koutek 1927).
Because the last pre-Cenomanian depositional episode in
the Bohemian Massif occurred in the Jurassic (Callovian-Kimmeridgian deposition arguably covering a similar
area as the Cretaceous basin; cf. Eliáš 1981 and Hanzlíková
& Bosák 1977), the minimum time gap represented by the
unconformity is ca 55 Myr (cf. Ogg et al. 2004).
Early interpretations of palaeotopography and related
Cenomanian drainage patterns were based on isolated outcrops and local boreholes (e.g., Matějka 1921). Intense
drilling activity between the 1950s and 1970s resulted in
the first basin-scale maps of the extent of the so-called
“freshwater Cenomanian” (Klein in Svoboda et al. 1964,
p. 281, and, later, Müller in Malkovský et al. 1974). In
these maps, broad areas of presumed non-marine deposi578

tion commonly included facies of estuarine to coastal origin, occurring partly beyond palaeovalleys. A refined version of the map by Malkovský et al. (1974), including
inferred palaeoflow directions (Klein et al. 1979, T. Voigt
1996; Fig. 2), that has, until recently, been the only published basin-scale map of the palaeodrainage pattern, although some local- to regional-scale studies, using extensive borehole datasets, produced more detail on individual
parts of the basin (Vajdík & Vybíral 1973, Vajdík et al.
1978, Valečka 1979, Rutšek & Kučera 1995, Uličný &
Špičáková 1996, Špičáková 1999, Kanta 2000). Facies
analysis of some fluvial to estuarine palaeovalley fills (e.g.,
Uličný & Špičáková 1996) found no evidence for extensive
lakes or interior drainage, which indicated that the interpretation of apparently isolated depressions of “freshwater
Cenomanian” in the early maps was an artifact of incomplete data coverage and facies interpretation problems.
Uličný & Čech (in S. Voigt et al. 2008) pointed out some relationships between the palaeodrainage systems, palaeohighs of the mid-Cenomanian relief, and some structural elements of the basement, but an up-to-date summary based
on all currently available subsurface data, has been missing.
A detailed identification of the location and nature of
throughgoing drainage at the sub-Cretaceous unconformity
thus remains one of the outstanding problems in understanding the evolution of the BCB. Its importance is underlined
by the economic significance of the palaeovalley fills: refractory clays have been quarried from non-marine
Cenomanian strata for centuries (e.g., Vachtl 1950, 1962;
Soukup 1954; Vachtl et al. 1968); significant uranium accumulations exist locally (T. Voigt 1998), and Cenomanian
palaeovalleys are hydrogeologically important as parts of
the Cenomanian aquifer system (Herčík et al. 1999).
This study focuses on mapping of the distribution of
palaeodrainage systems (PDSs) in the entire BCB and interpreting their relationships to the basement units and fault
systems, based on a recent basin-scale evaluation of
Cenomanian stratigraphy. The facies and stratigraphy
of the Cenomanian are discussed here only to the extent
necessary to explain the methodology and illustrate the basin-scale palaeodrainage infill patterns. Detailed sequence-stratigraphic and palaeontological aspects are being prepared for publication elsewhere.

Approach  data, methods
The main issues that this paper aims to address are the following:
– what was the role of structural elements and lithological properties of the basement in creating the
Cenomanian palaeotopography?
– is there evidence for involvement of active tectonics
in shaping the palaeodrainage network?
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Figure 2. A compilation of earlier interpretations of the extent of the “freshwater Cenomanian” strata and interpreted palaeoflow directions in the
palaeodrainage system, following T. Voigt (1998), based mostly on Klein et al. (1979).

– was the entire basin area drained toward the Tethys as
suggested by the maps of Klein et al. (1979) or T. Voigt
(1998), or toward the Boreal region as well?
– what was the earliest age of palaeodrainage infills,
and what was the range of diachroneity from the earliest to
latest valley fills?
– was the onset of filling of the palaeovalleys triggered
exclusively by the Cenomanian sea-level rise, or at least in
some cases, by localized subsidence (cf. Valečka & Skoček
1991)?
In order to contribute to answering the above questions,
this paper builds on a basin-scale evaluation of the distribution, size, relationship to basement structure, and generalized infill history of the PDSs within the BCB basal unconformity. The main data base is represented by 2,630 archive
records of boreholes that penetrated under the base of the
Cenomanian. Almost all of the boreholes, drilled mostly between the 1950s and 1980s for various purposes, were cored
and the data include digitized wireline logs, descriptions of
core lithology, and, where available, archive core samples.

The density of borehole data varies strongly among regions,
with the most extensive data coverage (locally a borehole
grid of 100 × 100 m) in the area of uranium exploration and
extraction in the 1960s–1980s in the Ralsko area (northern
part of the basin, Fig. 3), and in the area of refractory clay exploration in the southeastern part of the basin. However,in
some regions borehole spacing is as wide as 10 km.
Sedimentological and sequence-stratigraphic interpretations of the subsurface data were corroborated by analysis of lithofacies, palaeocurrents, and depositional geometries in outcrops (e.g., Uličný et al. 1997a, Špičáková 1999,
Kanta 2000, Uličný et al. 2004), with the aid of outcrop
gamma-ray profiling correlated to well logs. Biostratigraphic dating was made possible by correlation of macroand micropalaeontological data between outcrops and
cores. A new genetic sequence-stratigraphic framework
was erected, based on a grid of basin-scale cross-sections.
Isopach maps and palaeogeographic maps were constructed for the entire Cenomanian, as well as for selected
time-slices. Heavy-mineral data, both archive and obtained
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Figure 3. Borehole data coverage of the Bohemian Cretaceous Basin used in this study, overlain above the extent of fluvial to estuarine fills of the
palaeodrainage systems as defined in this study. All 2,630 boreholes shown reached the basement.

by this study, were used locally to supplement other data on
drainage directions. Where possible, historical palaeogeographic names, especially of palaeohighs and source areas,
were followed, but palaeodrainage systems and individual
palaeovalleys are mostly either newly defined, or follow
Špičáková (1999).
To interpret the relationships between palaeodrainage
patterns and the basement lithology and structure, a palaeogeological map showing the base-Cretaceous subcrop was
compiled from a number of archive sources (see caption in
Fig. 4). A new structural map of the basin was compiled
based on evaluation of a digital elevation model, maps of
Bouguer anomalies and horizontal gravity gradients, available seismic reflection profiles and surface geological
maps, and supplemented by field documentation of mesoscale brittle structures of both pre- and post-Cretaceous deformation phases.
580

Basement units and main fault systems
The BCB extends for more than 300 km in length and
100 km in preserved width across a large part of the northern Bohemian Massif (Fig. 1). The basement of the BCB
(Fig. 4) involves most of the zones of the Variscan orogen
(Kossmat 1927, Matte et al. 1990, among many others; see
Kroner et al. 2008, and Cháb et al. 2008 for recent compilations). The Saxothuringian Zone, dominated by high-pressure metamorphics in the northwestern part of the region,
is separated by a generally WSW–ENE-trending suture
from the neighbouring Teplá-Barrandian Zone (Fig. 5).
The Teplá-Barrandian Zone comprises mostly non-metamorphosed sediments and low-grade metasediments, with
the metamorphic grade increasing towards the suture (e.g.,
Matte et al. 1990, Beard et al. 1995, Franke et al. 2000,
Dörr et al. 2002). Further east and southeast, the
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high-grade metamorphics of the Moldanubian Zone and its
likely equivalent in the Lugian Zone to the N-NE (Suess
1912; cf. Schulmann et al. 2008) represent the Variscan orogenic root (Fig. 4). Their contact with the Teplá–Barrandian
rocks is obscured by the intrusions of the Central Bohemian
and Nasavrky Plutonic complexes of Devonian (370 Ma) to
early Carboniferous age (ca 350–340 Ma; e.g., Košler et al.
1993, Žák et al. 2005). In the easternmost extremity of the
basin region, the basement is represented by the MoravoSilesian Unit and the Brunovistulian (or Brunnia) domain,
both overthrust by the Moldanubian rocks (Fig. 4; Suess
1912, 1925; Schulmann et al. 2009, and references therein).
Relicts of the Cretaceous basin fill in the Brno area indicate
that prior to Cenozoic erosion, the Cretaceous deposits covered these units much more extensively than at present (e.g.,
Stráník et al. 1996, and references therein).
The most important post-orogenic unit occurring in the
BCB substratum is represented by the clastic and volcanic
infills of a suite of Carboniferous-Permian extensional and
transtensional basins (Jindřich 1971, Malkovský 1987).
Most of these basins formed about 310 Ma (Lippolt et al.
1986) by the extensional collapse of orogenically thickened crust along the inherited crustal inhomogeneity of the
Teplá-Saxothuringian suture zone, similar to post-orogenic
basins elsewhere throughout the Variscan orogen (e.g.,
Malavieille et al. 1990). Some pull-apart basins of this age
formed along major shear zones of NW and NNE strike
(Pašek & Urban 1990, Opluštil in McCann et al. 2008).
Triassic clastics and Jurassic carbonates are represented by minor relicts under the Cretaceous cover (Malkovský et al. 1974, Eliáš 1981 and references therein). In
the Saxonian part of the BCB, lithoclasts in the lower parts
of the Cretaceous basin fill indicate that prior to significant
uplift and erosion during the Cretaceous, Jurassic strata of
appreciable thickness existed in the Lužice (Lausitz) region (T. Voigt 1994).
The axis of the BCB follows the southeastern end of the
WNW–ESE-striking zone of intense brittle faulting in the
northern half of the Bohemian Massif (Fig. 1) that belongs
to the SE part of the Elbe Fault System in the broad sense of
Scheck et al. (2002). In this paper, the term “Elbe Zone” is
used for the part of the Elbe Fault System to the SE of
Dresden, striking generally N120E, and widening southeastward into a belt of distributed deformation in the upper
crust, ca. 100 km across, which splits into more discrete
faulted domains, as shown in Figs 4–6. This concept is different from the definition of the “Elbe Fracture” or “Elbe
Fault” as a narrow, mainly ductile shear zone in Arthaud &
Matte (1977), Matte et al. (1990), or as used by Mattern
(1996) in his concept of the “Elbe Zone”.
In this paper, four main fault groups are recognized
(Figs 1, 6). Numerous WNW-striking faults in the northern
Bohemian Massif, representing the SE part of the Elbe
Fault System sensu Scheck et al. (2002) are referred to as

the Labe Fault Group (FG) here, in order to avoid confusion due to many concepts of the Elbe Zone. However,
NW- to NNW-striking faults in the Sudetes, treated by
Scheck et al. (2002) as part of the Elbe Fault System, are
considered here as a separate group, the Sudetic FG
(Figs 1, 6). NNE-striking faults are termed the Jizera FG,
and faults of NE to ENE strike, parallel to the suture between the Saxothuringian and Teplá-Barrandian crustal
blocks represent the Ohře FG. These four fault groups underwent multiple reactivations since the Palaeozoic and at
present they show modest geodynamic activity (Špaček et
al. 2006) and exert a strong influence on the modern topography, including drainage systems of major rivers in Bohemia (cf. modern river courses in Fig. 6). Below, the main
features of these fault groups are summarized.

WNW- to NW-trending faults:
the Labe and Sudetic fault groups
In the BCB, the southeastward divergence of the Elbe Zone
in Saxony gives rise to two most prominent fault zones: the
Lužice FZ (marking the northern edge of the BCB) and the
Labe-Železné hory FZ (Figs 6, 7). The latter is conventionally divided into two separate parts – the Labe and Železné hory FZ, located, respectively, west and east of the
junction with the NNE-striking Kouřim Fault.
Uličný et al. (2009) interpreted a number of NW-trending, overstepping, short fault segments, oriented N135E to
N150E, as synthetic Riedel shears of the Lužice, Labe, and
Železné hory FZ. These segments contributed to the formation of a densely faulted domain of distributed shearing.
The Labe FZ shows bending from a WNW strike near the
Labe-Jizera rivers confluence, to a nearly NNW strike in
the northwestern part of the basin, where the zone is represented by an up to 25 km wide belt of densely spaced
NW–SE faults, aligned with faults L4–L5 in Fig. 6.
In the easternmost part of the basin, many faults strike
N160E to N170E, especially those defining the postdepositional, asymmetric horsts and half-grabens that
formed during the Cenozoic inversion and are assumed to
be parts of the Sudetic FG (Fig. 6). Their role during the
Cretaceous deposition is, however, uncertain. To the northeast of the main body of the BCB fill, the Intra-Sudetic
sub-basin and the Nysa Graben, bounded in part by faults
of the Sudetic group, are considered external parts of the
BCB sensu lato (cf. Jerzykiewicz & Wojewoda 1986,
among others).
The onset of activity of the WNW to NW-striking
dextral ductile shear zones in the Variscides is dated as
Late Devonian–Viséan (e.g., Aleksandrowski et al. 1997,
Matte et al. 1986), i.e., before the formation of the Late
Carboniferous extensional basins. Later activity occurred
at < 295 Ma, in late Stephanian to early Permian, with
581
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Figure 4. Simplified geological subcrop map of the basement of the Bohemian Cretaceous Basin. Compiled from the following sources: Cháb et al.
(2007), Chaloupský (1973 and in Malkovský et al. 1974), Chudomel et al. (1983), Mlčoch (2001), Kumpera et al. (1986, 1988), Rutšek & Kučera (1995),
Pešek et al. (2001). Abbreviations used for regional metamorphic and igneous units: BrM – Brno Massif, CBP – Central Bohemian Plutonic Complex,
HZ – Hlinsko Zone, KHMC – Kutná Hora Metamorphic Complex, KrHMC – Krušné hory Metamorphic Complex, KJMC – Krkonoše-Jizera Metamorphic Complex, KJP – Krkonoše-Jizera Pluton, LeMC – Letovice Metamorphic Complex, LGC – Lužice Granitoid Complex, MP – Meissen Pluton,
NaP – Nasavrky Plutonic Complex, PoMC – Polička Metamorphic Complex, SnMC – Sněžník Metamorphic Complex, ZaMC – Zábřeh Metamorphic
Complex, SvMC – Svratka Metamorphic Complex, SvD – Svratka Dome.

dextral motions interpreted by Pitra et al. (1999), and putative sinistral kinematics suggested by Mattern (2001). The
Permian phase of dextral shearing has left a distinct record
in the offset of parts of Carboniferous basin fills in Central
Bohemia (see below). According to Uličný & Čech (in S.
Voigt et al. 2008) and Uličný et al. (2009), the Labe Group
faults acted during the Cretaceous deposition as
oblique-extensional faults with a minor dextral component
of slip, and partitioned the area of overlap between the
Lužice and Labe–Železné Hory FZ into individual
sub-basins and source areas during the main phases of Cretaceous sedimentation (Fig. 1; e.g., Uličný et al. 2003a;
Uličný & Čech in S. Voigt et al. 2008). Both the Lužice and
582

Železné Hory FZ were transformed into high-angle reverse
faults during the Late Cretaceous-Palaeogene inversion of
the Alpine foreland (Ziegler 1990, Coubal 1990), which
caused destruction of part of the depositional record most
proximal to the faults.

NNE-trending faults: the Jizera Fault Group
NNE-directed fracture zones (ca N5E–N10E) accompany
the Labe FG as the antithetic part of a conjugate fault set
(cf. Brandmayr et al. 1995) and form a pervasive structural
pattern in the entire BCB region (Figs 6, 7). Among the
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Figure 5. Map of complete Bouguer gravity anomalies, calculated using a reduction density of 2.3 g . cm–3, illuminated from N30E, inclination 55°.
Main Variscan basement units and fault framework from Fig. 4 are shown for comparison. Abbreviations: KHFZ – Krušné Hory Fault Zone,
B&M–S – Brunovistulian and Moravo-Silesian unit, HPFZ – Hronov-Poříčí Fault Zone. Map acquired from Geofyzika, a.s., Brno, for project OG-9/02 of
the Ministry of Environment of the Czech Republic (Uličný et al. 2004).

most prominent of these fault zones in the Bohemian Massif is the Rodl Shear Zone, passing into the Late Paleozoic
Blanice Graben toward the North and interpreted as a major Variscan sinistral strike-slip zone (Fig. 1; Matte et al.
1990, Brandmayr et al. 1995). In its northern part it modifies the boundary between the Teplá-Barrandian and Moldanubian zones and can be traced, as a series of overstepping faults such as the Kouřim Fault, up to the junction
with the Labe FZ. Further north, similar faults are interpreted to form the eastern boundary of the Late Palaeozoic
Mnichovo Hradiště Basin (Fig. 4).
Relicts of Upper Palaeozoic clastics under the Cretaceous cover in eastern Bohemia appear to lie in a northern extension of the putative Jihlava Graben that is
aligned with the Vitis Fault further south (Brandmayr et

al. 1995; Holub in Pešek et al. 2001). At depth, this major
NNE-striking lineament coincides with the interpreted
leading edge of the Brunia crustal segment underthrust beneath the Moldanubian Zone (Schulmann et al. 2008).
Faults of the Boskovice Graben, although bent more to the
NE in its northern part (J 11 in Fig. 6), are interpreted as a
similar, sinistral shear zone forming, on the surface, the
eastern border of the Moldanubian Zone (northern extension of the Diendorf Fault Zone, Brandmayr et al. 1995 and
references therein). The Nasavrky Pluton, regarded as
the eastern extension of the Central Bohemian Pluton
(Schulmann et al. 2009), apparently dextrally translated
along the Železné hory FZ, is also strongly affected by
NNE-trending fault zones, as noted already by Chaloupský
(1974). The same applies to the Lugian Zone meta583
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morphics to the east of the Nasavrky Pluton and the Hlinsko Zone (Fig. 4).
Extension followed by left-lateral strike slip on these
NNE–SSW structures led to formation of long, narrow,
pull-apart basin systems (“troughs” or “furrows” in Czech
literature) during the latest Carboniferous and Permian
(Pašek & Urban 1990, Synek, unpublished data; Uličný et
al. 2002). Mid-Cretaceous (Late Cenomanian and
Turonian) activity of faults in this group was documented
by Uličný et al. (2003b, 2009) from the central part of the
basin (Jizera FZ, Fig. 5).

NE and E-W-trending faults:
the Ohøe Fault Group
The third component of the regional structural grain is named the Ohře Fault Group here because it parallels the Cenozoic Ohře (Eger) Graben. The graben runs across the Elbe
Zone structures, parallel to the NE to ENE-trend of a major
crustal boundary between the Saxothuringian and Teplá-Barrandian zones of the Variscan orogen that formed as
the suture of the Saxothuringian ocean about 340 Ma (Matte
et al. 1990, Pitra et al. 1999, Konopásek & Schulmann
2005). The trend of the Teplá-Saxothuringian suture is followed by the strike of folds and thrusts in strongly deformed
Lower Palaeozoic basins of the Teplá-Barrandian Zone.
The belt of Late Palaeozoic extensional basins that
formed along the Teplá-Saxothuringian suture (Figs 4, 5),
shows several changes in strike as it crosses segments of
the Elbe Zone. Between the Labe-Železné hory and the
Lužice FZ its strike becomes nearly east–west, except in
the vicinity of the Lužice FZ where some authors interpret
it to roughly follow the NE-trending Stráž Fault (Fig. 6).
Northeast of the Lužice FZ, the Ohře Group faults (and
the suspected suture trace at depth) run almost E-W again,
following the northern border of the Krkonoše Piedmont
Basin and continuing further NE to the Sudetes on the
Czech-Polish border (cf. Mazur & Aleksandrowski 2001,
Franke & Żelaźniewicz 2000). This feature is explained as
a consequence of dextral shearing along the Labe FG,
mainly during the Permian (Fig. 8; cf. Pitra et al. 1999).
The E-W trend in the Krkonoše Piedmont Basin was interpreted by Uličný et al. (2002) as caused by Permian and,
partly, Cretaceous dextral deformation of an originally
NE-striking basin, along a rheologically weak crustal zone
following the present-day Lužice FZ. Uličný (2005) suggested an analogous interpretation for the strongly deformed Roudnice Basin affected by mappable Riedel
shears related to the Labe FZ. A probable result of this primarily Permian-age deformation is the nearly E–W trend
of the Úštěk FZ and the borders of the Česká Kamenice Basin (Figs 4, 6).
Many structures of the Ohře FG were reactivated dur584

ing the formation of the Cenozoic Ohře Graben and its
Plio-Quaternary deformation (Ziegler & Dèzes 2007,
Rajchl et al. 2009) that gave rise to the topographically
prominent Krušné hory FZ in NW Bohemia; the potential
Cretaceous activity of these structures is, however, not well
understood.

The Peruc-Korycany Formation:
record of the inception of basin filling
Age, depositional systems,
and lithostratigraphy
The earliest infill of the BCB is represented by a diverse
suite of fluvial to shallow-marine facies of Cenomanian
age (Fig. 9). The oldest proven age is Early Cenomanian
(Meissen Fm. in Saxony, Fig. 10A, Tröger 2003, and the
Blansko Graben in Moravia: Svobodová 1992, 1997; Svobodová & Brenner 1999). Svobodová (1992) and Svobodová & Brenner (1999) suggested a possible Albian age for
the lowermost palaeovalley fill in the Blansko Graben,
which remains unproven. On the Czech territory, the Cenomanian strata are jointly termed the Peruc-Korycany Formation (Čech et al. 1980; see references therein for the history of nomenclature). This dominantly clastic package
overlies the sub-Cretaceous unconformity and is, in turn,
overlain by a major transgressive surface that defines the
Cenomanian–Turonian boundary (e.g. Valečka & Skoček
1991; Uličný et al. 1997a, b; Čech et al. 2005). Nomenclature for the German part of the basin is summarized in
Tröger (2003) and S. Voigt et al. (2008).
The prevailing pattern in the Cenomanian succession is
a gradual marine flooding that culminated close to the
Cenomanian-Turonian boundary and was punctuated by a
number of high-frequency, small-scale, relative sea-level
changes (e.g., Uličný & Špičáková 1996). These relative
sea-level changes caused rapid shifts in depositional environments along low-gradient slopes and marked
palaeogeographic changes. A typical, complete vertical
succession involves, from bottom to top, valley-filling, fluvial to estuarine deposits (the Peruc Member), overlain by
coarser-grained, nearshore sandstones (the Korycany
Member), capped, in turn, by fine-grained offshore deposits (informally named the Pecínov Member, Uličný et al.
1997b). Fig. 10 shows the “end-member” scenarios of the
Cenomanian palaeogeography that correspond to the time
of the onset of palaeovalley filling in the early to middle
Cenomanian (Fig. 10A) and the late Cenomanian deposition in a shallow marine strait (Fig. 10B). The lithostratigraphic members of the Peruc-Korycany Fm. represent essentially facies associations (Houša 1991) that show
marked diachroneity between individual parts of the basin
(Fig. 11).
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Figure 6. Map showing the principal faults and fault zones significant in the post-orogenic evolution of the Bohemian Massif. Most of the Oligo-Miocene faults in the Ohře Graben region are omitted for clarity. Thick grey lines indicate fault zones interpreted as important in the kinematics of the Bohemian Cretaceous Basin (cf. Uličný et al. 2009). The circled numbers refer to fault lines touching the circle in the map. Note: only the most important faults
are illustrated that are considered to have been active during the post-orogenic evolution of the Bohemian Massif, in particular during the Mesozoic. Many
faults, especially within the Bohemian Cretaceous Basin, remain unnamed. • Abbreviations: L – the Labe Fault Group: L1 – Lužice Fault Zone,
L2 – Karsdorf Fault, L3 – Ploučnice Fault Zone (two overstepping strands), L4 – Žitenice Fault, L5 – Luční potok Fault, L6 – Chomutovka Fault Zone,
L7 – Krušovice Fault Zone, L8 – Rovensko Fault, L9 – Libuňka Fault, L10 – Sukorady sub-basin marginal fault, L11n – Skalský potok Fault Zone –
North, L11s – Skalský potok Fault Zone – South, L12 – Poděbrady Fault, L13 – Luštěnice Fault, L14 – Kolín Fault, L15 – Mlékosrby Fault according to
Valečka et al. (2003), L16 – Mlázovice Fault, L17 – Zvičina Fault, L18 – Jílovice Fault, L19 – Polička Fault, L20 – Lačnov Fault Zone, L21 – Sázava
Fault Zone. • S – Sudetic Fault Group: S1 – Hronov-Poříčí Fault Zone, S2 – Pilníkov fault, S3 – Broumov Cliffs Fault, S4 – Intra-Sudetic Fault,
S5 – Zieleniec Fault, S6 – Kyšperk Fault, S7 – Žamberk Fault, S8 – Semanín Fault, S9 – Orlice Graben western border faults, S10 – Blansko Graben border faults, S11 – Bušín Fault, S12 – Olešnice-Uhřínov Fault Zone. • O –the Ohře Fault Group: O1 – Ohře Fault Zone, O2 – Střezov Fault, O3 – Krušné
hory Fault Zone, O4 – Děčín Fault Zone, O5 – Úštěk Fault Zone, O6 – Stráž Fault, O7 – Kounice Fault, O8 – Škodějov Fault. • J – the Jizera Fault Group:
J1 – Kouřim fault and the Blanice Graben fault zone, J2 – Jizera Fault Zone – West, J3 – Jizera Fault Zone – East, J4 – Vltava Fault Zone, J5 – Kokořín
Fault Zone, J6 – Liběchov Fault Zone, J7 – Eastern border faults, Mnichovo Hradiště Basin, J8 – Sobčice Fault, J9 – Jihlava Graben border faults,
J10 – Svojanov shear zone, J11 – Boskovice Graben border faults, J12 – Nysa Graben, Eastern border faults.

The thickness of the Peruc-Korycany Fm. varies between zero and 120 m. Palaeovalleys and long-lived
palaeohighs are mostly well reflected in the isopachs of the
entire Peruc-Korycany Fm. in many parts of the basin
(Fig. 12). Especially in the proximity of the bounding

faults, however, the total thickness of the Cenomanian is a
combined result of (1) filling the pre-depositional topography (Fig. 10A) and (2) subsidence and infill of new
depocentres that became established mainly during the late
Cenomanian (Fig. 10B). Therefore, the isopach maxima do
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Figure 7. Map of horizontal gravity gradients, based on the complete Bouguer anomalies shown in Figure 5. Illumination from the East, inclination 40 .
Map acquired from Geofyzika, a.s., Brno, for project OG-9/02 of the Ministry of Enviroment of the Czech Republic (see Uličný et al. 2004).

not always correlate with palaeodrainage axes. The directions of drainage of the palaeovalleys described below and
in Figs 10–13 were not derived from thickness gradients of
the entire Cenomanian, but are based mainly on interpretation and correlation of facies in a genetic sequence-stratigraphic framework (see below).

Criteria for genetic sequence definition
In order to map the basin filling in separate time steps and
discriminate between filling of passive topography and deposition in active depocentres, the Cenomanian package
had to be divided into distinct subunits using nearisochronous surfaces. Therefore, the lithostratigraphic nomenclature is not used in this paper, and instead, a
genetic-stratigraphic subdivision (cf. Galloway 1989) of
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the Bohemian Cenomanian, based on major transgressive
surfaces and their nonmarine equivalents, was applied, following Špičáková & Uličný (2001).
It is beyond the scope of this paper to deal with details
of the sequence-stratigraphic aspects which will be published separately. However, because a genetic-stratigraphic correlation within the valley-filling stratal packages was used for interpreting the evolution of the
valley-fill geometries and directions of drainage, the criteria used to define genetic sequences in the Cenomanian of
Bohemia are briefly outlined below, and selected details
are described in more depth in online Appendix 1 (available on www.geology.cz/bulletin).
Interpretation and correlation of transgressive surfaces in the paralic to shallow-marine strata is relatively
straightforward, based on widely used criteria (Van Wagoner et al. 1988, Posamentier & Allen 1999, and references
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therein; see Laurin & Uličný 2004, Uličný et al. 2009, for
application in the Turonian of Bohemia). Diagnosis of
correlative surfaces in the updip non-marine strata is more
difficult, however, and in a dataset lacking continuous exposure it requires application of certain conceptual assumptions about the factors controlling the linked depositional systems, such as base-level change vs. supply
and water discharge (e.g., Martinsen et al. 1999, Plint et al.
2001). The abundance of well-log and core data in the
study region made it possible to correlate the marine to
paralic and non-marine facies, based on evaluation of
well-log patterns, sedimentological criteria, macro- and
microfossil content (palynology in particular), and trace
fossils.
Although the application of the accommodation-supply
concept to non-marine strata has conceptual limitations
(Blum & Törnqvist 2000), the correlations in the Bohemian Cenomanian permitted a scheme of non-marine surfaces and systems tracts, similar to that of Martinsen et al.
(1999), to be established, with two main surface types. The
first type, termed an expansion surface, following
Martinsen et al. (1999), underlies stratal packages that
show, in contrast to underlying strata, an increased proportion of floodplain strata, decreased amalgamation of sandy
to gravelly channel-fill bodies and overall fining of grain
size. Expansion surfaces are documented to onlap
palaeovalley sides. In terms of stratal architecture, units
overlying the expansion surfaces are characterized by
sheet-like sandbodies encased in floodplain fines, interpreted as meandering river deposits, or by mudstones with
isolated channel-fills and local splay sandstones, which are
interpreted as anastomosing river sediments. Occurrence
of marine microplankton above some expansion surfaces
in fluvial strata, together with sedimentological indicators
of tidal influence such as paired mud drapes or ichnotaxa
indicative of a marine environment, link the expansion surfaces to transgressive surfaces in the marine to paralic
realms (cf. Uličný & Špičáková 1996).
The second type, an unconformity surface, is characterized by an abrupt decrease in mud content indicated by
well-logs and associated with erosion that is documented to
be deeper than the typical channel depth in outcrop and displays a correlatable regional extent. Strata overlying the erosion surfaces are characterized by dominance of coarsegrained channel fills, laterally and vertically strongly interconnected. Strongly pedogenically modified intervals in
floodplain strata are correlated to unconformity surfaces.
As illustrated in Appendix 1, the expansion surfaces
are correlated with marine flooding surfaces and interpreted as caused by an acceleration of the rate of baselevel rise. Unconformity surfaces are analogous to the
“Exxon-type” sequence boundaries – that is, surfaces
caused by base-level falls with regional incision and slope
rejuvenation. Because they can be defined with confi-

A

B

Figure 8. Sketch showing the interpreted role of faults of the Labe and
Sudetic FGs in deformation of the belt of Carboniferous extensional basins. For tectonic context see Figs 1 and 4 through 7. A – extensional basins
form along the strike of the TSS (Teplá-Barrandian/Saxothuringian suture) during the post-orogenic extensional collapse at ca 310 Ma. The
Labe FG faults probably act as transfer zones separating individual
extensional grabens in a dominant WNW- or nearly E-W-oriented extension (cf. Pitra et al. 1999); B – near the end of the Early Permian or later
(Upper Rotliegend, Artinskian/Kungurian, < 284 Ma), dextral shearing
dominates along faults of the Labe and Sudetic FGs, with localized
pull-apart basin formation (cf. Uličný et al. 2002). In weaker domains
along the Labe and Lužice Fault Zones, the shearing causes the nearly
E-W trend of the outline of the Krkonoše Piedmont and Mšeno-Roudnice
basins. Abbreviations: BLG – Blanice Graben, BOG – Boskovice Graben,
ISB – Intra-Sudetic Basin, JG – Jihlava Graben, KPB – Krkonoše
Piedmont Basin, KRB – Kladno-Rakovník Basin, MHB – Mnichovo
Hradiště Basin, MRB – Mšeno-Roudnice Basin, PB – Plzeň Basin.

dence only in a part of the palaeovalleys, they do not have
a role in the genetic correlation framework in the Bohemian Cretaceous.
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Figure 9. Chart showing the chronostratigraphic position of the infills of individual parts of the Bohemian Cretaceous Basin palaeodrainage. Note the
loss of chronostratigraphic resolution downsection, where only palynological data are available. The first occurrence of Complexiopollis pollen from the
Normapolles group used to be reported as a marker of a late middle to late Cenomanian age, correlated to the Acanthoceras jukesbrownei Zone (Pacltová
1971, 1977). In the Central Palaeodrainage System it was found near the base of sequence CEN 2 (borehole Jb-1, 363.2 m depth). This is well below the
Acanthoceras jukesbrownei Zone marked by the FO of Inoceramus (“Mytilodes”) atlanticus near the base of CEN 4. It is possible that the Normapolles
group appeared in the Bohemian region close to the beginning of the middle Cenomanian.

Genetic sequences  overview
Correlation of genetic sequences in non-marine to
marginal-marine strata typically has to rely on a physical
connection between correlated sections, unless independent,
high-resolution methods of correlation are available. Stratal
successions developed partly or entirely in different palaeovalley or sub-basin systems typically pose problems in correlation. As shown in Figs 10A and 13, the Bohemian Cenomanian valley-fill complexes developed in several PDSs
termed here the Central, Western, Northern, and Eastern
PDS. The genetic stratigraphy originally developed in the
Central PDS (Uličný et al. 2003b) can, to a large extent, be

applied to the Western and Northern PDSs because they became a single depositional region relatively soon in their
evolution. However, an independent genetic stratigraphic
scheme had to be established for the Eastern Palaeodrainage
that was separated from the other PDSs by a major drainage
divide (Fig. 10A). The lack of sedimentological and
well-log data from the German part of the basin prevents
closer correlation with the Niederschöna Palaeovalley.
Infill of the Central, Western, and Northern PDSs. – Six
genetic sequences, labelled CEN 1–CEN 6, are recognized
in the central and western parts of the basin, spanning middle to late Cenomanian age, with unproven but possible

Figure 10. Schematic maps of the tectonic and palaeogeographic setting of the Bohemian Cretaceous Basin before the beginning of deposition on the
base-Cretaceous unconformity (A) and during the late Cenomanian Metoicoceras geslinianum Zone (B). In (A), corresponding to late early to early middle
Cenomanian time, main topographic palaeohighs (PH) and lows with generalized palaeodrainage axes are illustrated, together with proven occurrences of
early Cenomanian coastal facies in the NW (Meissen area) and tide-influenced to estuarine facies in the SE (Blansko Graben). Yellow-filled circles and labels indicate locations of sections shown in Fig. 11. In (B) the reconstructed palaeogeography and place names mostly follow Uličný & Čech (in S. Voigt et
al. 2008, pp. 953–959), as modified from Valečka et al. (2003) and other sources. The Káranice Palaeohigh is defined as a series of ridges originally named
“Mlékosrby Palaeohigh” by Klein et al. (1982). Because the Mlékosrby village is, in fact, located above a part of a palaeovalley fill, this name is disused here.
In the same way, the “Podlažice depression” of Vajdík & Vybíral (1973) is referred to as the Skutíčko Palaeovalley here, because of the location of Podlažice
above a local palaeohigh. Abbreviations: LuFZ – Lužice Fault Zone, ZHFZ – Železné hory Fault Zone. Further comments in text.
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early Cenomanian age in the lowermost unit (Fig. 11).
Smaller scale sequences of a yet higher frequency can be
detected within these major sequences, but irregular data
coverage mostly prevents correlation on an appropriate level of detail.
Sequences CEN 1 and CEN 2 are defined as predominantly fluvial, valley-filling strata, in the Central, Western,
and Northern PDSs. Only in the Central Trunk Valley and
its tributaries the base of CEN 2 can be correlated with confidence. In the Western PDS, the two sequences are correlated as one unit CEN 1 + 2 (see Appendix 1 for details).
Unit CEN 3 is marked by a significant paralic flooding of
much of the basin, with tide-dominated estuaries established in both the Western and Central PDSs that began to
merge into a single depositional area during this time. Because of the prominence of the CEN 3 flooding, the level of
onlap of this unit on the basement, as determined by interpolation between correlated boreholes, was chosen as a
marker to define the limits of fluvial palaeovalley fills of
CEN 1 and 2 sequences. Only in the most updip part of the
Western PDS, fluvial strata correlative to CEN 3 are preserved (Figs 11, 14A) and their extent is used to map the
headward continuation of the palaeovalleys. Because of
the focus in this paper on the initial palaeodrainage network, downdip estuarine and coastal palaeogeography of
CEN 3 and younger sequences are not shown.
Between the time of sequence CEN 4 and the major
flooding event at the base of the Bílá Hora Fm. (Turonian),
shallow-marine conditions gradually spread over most of
the western part of the basin. The basal surfaces of CEN 5
and CEN 6 mark significant steps in basin floor drowning,
attributed to increased subsidence rates by Uličný & Čech
in S. Voigt et al. (2008). Only a few palaeohighs remained
emerged during the CEN 6 time, such as the Most-Teplice
Palaeohigh (with locally developed paralic facies in the vicinity; Fig. 10B, Čech & Váně 1989) and the axial part of
the Holice-Nové Město Palaeohigh (Fig. 10B).
Infill of the Eastern PDS. – Four distinct genetic sequences were defined in the Eastern PDS, labelled CEN A
through CEN D, following Kanta (2000), with some modifications. CEN A–CEN C represent a series of steps in
filling of a large palaeodrainage. The earliest unit is sequence CEN A, dominated by sand and gravel-rich, braided
rivers, followed by finer-grained fluvial deposition of
CEN B and estuarine and shallow-marine deposits of
CEN C and D, respectively. A relict of an axial part of a
palaeovalley fill in the Blansko Graben shows probably
an equivalent of the lowermost CEN A, with palynoflora
indicative of lower Cenomanian age (Svobodová 1992,
1997, Svobodová & Brenner 1999). Due to problems in
correlating the Blansko Graben succession to the sequences defined in the rest of the Eastern PDS, it is not known
exactly to which level (CEN B or ?C) belong the occur590

rences of dwarf faunal forms in the Blansko Graben
(Zvejška 1953, B. Zahálka 1950), interpreted as indicative of restricted marine/brackish conditions (Čech in
Uličný et al. 2004).
Sequence CEN D correlates to CEN 6 west of the Nové
Město-Holice Palaeohigh. In the same way as CEN 6 in the
West-central part of the basin, CEN D marks major
changes in basin infill style in the late Cenomanian. It is a
package of shallow-marine sandstones that prograded from
the south into a new depocentre at the southeastern edge of
the basin (Fig. 10B; cf. Frejková & Vajdík 1974), and the
wedge-shaped cross-sectional geometry shows a clear increase in subsidence to the SSW during this time
(Fig. 14B). Importantly, this onset of subsidence along the
Železné hory and, possibly, the Sázava FZ was accompanied by localized uplift and erosion of parts of the older basin fill (Frejková & Vajdík 1974, Hypr et al. 1982, Kanta
2000, Uličný et al. 2004).

Palaeodrainage systems of the Bohemian
Cretaceous Basin  overview of key features
As shown in Fig. 10, an important feature of the Cenomanian palaeotopography in the study region was the Nové
Město-Holice Palaeohigh, trending roughly NNE, which
played the role of a relict European drainage divide. Towards the North, it probably continued into the region of
the Intra-Sudetic Basin as the interpreted Orlice Palaeohigh (Radwański 1975, his Fig. 3).
Its axis follows the trend of a belt of granitoids interpreted as the northern part of the Nasavrky Massif, and is
aligned with Jizera Group faults. The Nové Město-Holice
Palaeohigh separated the Eastern PDS, drained to the
southeast toward the Tethyan margin, from the rest of the
basin until its final submergence during late Cenomanian
to early Turonian times (Figs 10, 13). All the PDSs to the
west of this divide drained toward the Lužice FZ, with an
outflow toward the Boreal palaeogeographic province. The
division into the Central, Western, Northern, and
Niederschöna PDSs is based on (1) occurrence of sub-regional divides between them, (2) sets of characteristics typical of individual drainage infills, and (3) relationships to
basement structures.

Central PDS
Most of the area of this palaeodrainage is located between
the Lužice and Labe FZ, as a broad depression (up to
30 km in width) filled by fluvial clastics of CEN 1–CEN 2
sequences. The existence of this PDS has been known
since the drilling campaigns in the 1960s but its exact geometry was not certain. Prevailing southeastward drainage

Figure 11. Lithological and gamma-ray logs, with interpreted palaeoenvironments, of sections representative of the main palaeodrainage systems. Note the diachroneity of palaeovalley fills (grey) between
and within individual palaeodrainage systems. The Oelsa borehole log is redrawn from T. Voigt (1998).
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Figure 12. Isopachs of Cenomanian strata in the Czech part of the Bohemian Cretaceous Basin. The map is based on 2,630 data points representing full
preserved thickness of the Peruc-Korycany Formation, with the exception of the Brník area, where the Cenomanian is not preserved completely, but in order to indicate the palaeovalley (PV) fills the preserved CEN 1 + 2 equivalents are shown.

was inferred by Klein et al. (1979), without supporting evidence, and appears also in T. Voigt (1996).
Main morphological features and relationships to basement. – The Central PDS (Figs 13, 15A) is characterized by
a broad central to northern part that collected several narrower tributaries from the South, East and West. The general
direction of drainage was to the North, as explained further
below. The preserved infill of the palaeodrainage is cut off
at its northern edge by the Lužice FZ.
The extent of much of the Central PDS coincides with
the extent of the Late Palaeozoic Mnichovo Hradiště Basin
below (Fig. 15A). To the East and South, the basal
Cenomanian strata overlie Teplá-Barrandian Zone clastics
and low-grade metamorphics. Locally, Variscan granites
form the subcrop (e.g., along the Luštěnice Fault, Figs 4, 6).
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The roughly N-S alignment of isopach maxima marks the
axis of the Central Trunk Palaeovalley. It coincides with
the Jizera Group faults, detected in the Mnichovo Hradiště
Basin area, and shows an apparent right-lateral offset approximately in the centre of the palaeodrainage. The same
strike is followed by one of the tributaries in the southern
part of the PDS, the Brník Palaeovalley, aligned nearly
N–S along the Kouřim Fault.
Another tributary, the Nehvizdy–Vykáň Palaeovalley,
is aligned with the typical ENE structural trend of the
Teplá-Barrandian Zone. This palaeovalley splits into at
least two lower-order streams (Špičáková 1999; Figs 13,
14A, 15A). Near the southwestern limit of its preserved extent, on the eastern edge of Prague, the Nehvizdy-Vykáň
Palaeovalley probably represented a broad, low-lying
trough partitioned into a number of parallel valleys due to
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Figure 13. Interpretative map showing the extent of fluvial to estuarine infills of individual palaeodrainage systems as defined in this study. See text for
comments on criteria for the map construction.

contrasts in erosional resistance of Ordovician clastics
(shales vs. orthoquartzites; cf. Matějka 1921). Erosional
relicts and palaeokarst infills in the southwestern part of
Praha and further southwest (Kodym 1923, Zelenka 1987,
Bosák 1995) suggest a headward continuation of this
palaeovalley along the same strike of the Teplá-Barrandian
Zone structural grain. The maximum preserved length of
the Central PDS, measured along the Brník tributary valley, is ca 80 km.
From the West and East, the Central PDS was entered,
respectively, by the Skalský potok and Kosice palaeovalleys
(Figs 10, 13), both trending W-NW and aligned with the
Labe Group faults. The easternmost position of the head of
the Kosice Palaeovalley is not certain but the connection interpreted in Figs 11 and 13 is supported by correlation of
lithofacies and well-log patterns across an area of poor borehole coverage in the Nový Bydžov region.

Two small relicts of palaeovalley fills are found to the
East along the northern edge of the Central PDS, with a
maximum preserved length of 18 km and widths between 1
and 2 km. They are arbitrarily joined here with the Central
PDS. The Brtev Palaeovalley runs generally north, suggesting an alignment with Jizera Group faults or fractures,
but another minor palaeovalley further NE shows a clear
alignment with the Zvičina Fault (Fig. 13).
Fluvial to estuarine infill. – The fluvial infill of the Central
PDS is represented by sequences CEN 1 and CEN 2. It is up
to 50 m thick and 35 km wide and shows a moderate southward decrease in thickness, with the exception of the Brník
Palaeovalley where preserved fluvial strata are almost
48 m thick (Fig. 14A) and the part correlated to CEN 2 is
twice the thickness compared to localities further North
(downstream), across the Labe FZ.
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Figure 14. Correlation panels hung on the base of the Turonian, as correlation datum, showing the distribution of palaeodrainage fills (green in inset
map) and other parts of the Cenomanian depositional record, along lines shown in insets, for the Western, Northern, and Central (A) and Eastern (B)
palaeodrainage systems. Correlation lines following the structural strike of the basin are labelled S1 through S3, whereas dip-parallel lines are labelled
D1, D2. Detailed correlation panels showing distribution of lithofacies in cross-sections D1 and D2 are presented in Appendix 1. ČKB – Česká Kamenice
Basin. Comments in text.

Cross-strata in outcrops in the Nehvizdy-Vykáň and
Brník Palaeovalleys indicate palaeoflow to the NE and N
(Špičáková 1999). Between the Labe FZ the Cenomanian
does not crop out, but the palaeoflow towards the Lužice
FZ is clearly indicated by sedimentological and palynological evidence: (1) Tidal influence on deposition of the
fluvial strata of CEN 2 is indicated by the sporadic presence of acritarchs and dinocysts near the base of the unit
that increases toward the top of this unit, with the first indices of brackish to marine water influx climbing
stratigraphically up to the South (boreholes RO-43, DB-1,
Jb-1, Nehvizdy Quarry; Figs 11, 14A, and Appendix 1).
Subunit CEN 2c, represented by well-correlatable infills of
tide-influenced fluvial channels, passes into intertidal flat
and channel-fill heteroliths toward the centre of the trunk
palaeovalley and to bioturbated, estuarine channel fills in
the North; (2) General thinning of fluvial strata to the South
(Appendix 1) is accompanied by apparent pinchout of the
oldest known part of CEN 1 in the same direction; (3) Sequence CEN 3, interpreted as estuarine strata (Špičáková
1999, Uličný et al. 2004), comprises fine-grained and
heterolithic, marsh and tidal-flat facies in the southern and
596

central parts and increasingly sandy, subtidal facies northward.
Heavy mineral data from cores in the Central Trunk
Palaeovalley provide additional support for drainage toward the Lužice FZ: staurolite and kyanite were found in
fluvial-estuarine strata in many boreholes in the central and
northern parts of the Central PDS, including DB-1 and
Sč-1 boreholes (Fig. 14 and Appendix 1; cf. Vejlupek et al.
1967, Holub et al. 1972, Pražák et al. 1984, Tásler et al.
1986). These minerals indicate provenance from highgrade metamorphics of the Kutná Hora Metamorphic
Complex of the Moldanubian Zone (Slavík 1984; cf. Klein
et al. 1957) and bring further support to the northward
drainage. Provenance from the North is unlikely as at present low-grade metamorphics of the Saxothuringian Zone
are exposed in that region, and during the Cenomanian, the
exposed rocks must have been even lower-grade than at
present, or possibly Late Palaeozoic sediments (Uličný et
al. 2004, and Konopásek, pers. comm. 2004).
Controls on palaeotopography. – The alignment of interpreted valley axes clearly shows that above Late Palaeo-
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zoic basin fills, orientation of the palaeodrainage was governed by the dominant conjugate system of the Jizera and
Labe FG, with the Jizera Group faults playing a more significant morphological role. Thickness distribution of fluvial
to estuarine units does not indicate syndepositional displacement along the basement faults, except in the Brník Palaeovalley.
The explanation of the localized increase in thickness is
that a reactivation of the Kouřim Fault during the time of
CEN 2 led to localized subsidence in the palaeovalley
roughly coinciding with the extent of the underlying Český
Brod Basin, probably a Permian-age pull-apart structure
(Fig. 8). Contemporaneous local uplift of the Kutná Hora
Metamorphic Complex to the East of the Kouřim Fault is
suggested by heavy mineral assemblages in the arkosic
sandstones of the upper part of CEN 2 in the Brník
Palaeovalley (cf. Passer 1967, Klein 1957, Špičáková
1999). The fact that north of the Labe FZ there is no detectable syndepositional subsidence along the same Jizera FG
structures can be explained in two ways. Either discrete
fault movement did not occur north of the Labe FZ due to a
difference between local palaeostress fields, or a subtle deformation in that region is difficult to detect with the borehole spacing available.
The lack of borehole data within the Labe FZ also complicates the interpretation of the dextral offsets of
palaeovalley trends within the Central PDS. The trend of
the Brník Palaeovalley is offset at its northern end, within
the Labe FZ. The Central Trunk Palaeovalley shows a
dextral offset probably along the marginal fault of the
Sukorady sub-basin of the underlying Mnichovo Hradiště
Basin (Figs 4, 6, 13). In addition, the downstream continuation of the axis of the Nehvizdy-Vykáň Palaeovalley seems
to have been abruptly obstructed or offset by the Stratov
Palaeohigh that is transgressed by the uppermost marine
Cenomanian strata at the junction with the Labe FZ
(Figs 10A, 13). In this area of poor borehole coverage, a
suitable explanation could be one of the following: (i)
post-depositional displacement, in agreement with the interpretation by Uličný et al. (2009) of Turonian activity of
the Labe and Jizera FG, and/or (ii) at least partly
syndepositional displacement, or (iii) river courses simply
following traces of old, inactive fault zones. The presumed
activity of the Kouřim Fault brings indirect support to the
possibility of syn-or post-depositional displacement (compare also with the Eastern PDS documented below). Correlations in Uličný et al. (2004) suggest minor uplift of a
ridge parallel to the edge of the Kosice Palaeovalley probably during deposition of CEN 3 sequence.
The widths of the individual parts of the Central PDS
change depending on the resistance of the substrate to erosion. The broadest part, the Central Trunk Palaeovalley,
was developed on the Late Palaeozoic basin fill. Among
the tributary valleys aligned with the Labe Group faults,

the Kosice Palaeovalley that developed on the pre-Carboniferous, Teplá-Barrandian Zone substratum is markedly
narrower than the Skalský potok Palaeovalley overlying
Late Palaeozoic clastics.

Western Palaeodrainage System
The Western PDS is located partly within, and mostly to
the west of the Labe FZ (Fig. 13). Parts of a prominent drainage system in the western part of the basin have been described by several authors in the past (Soukup 1954; Vachtl
1962; Jelen & Malecha 1987; Valečka 1974, 1979), but the
early palaeogeographic interpretations showed isolated
areas of “freshwater deposits” without mutual connections
or with a hypothetical drainage toward the southeast, into
the basin interior (Fig. 2). Based on new data and the genetic sequence-stratigraphic analysis, a new picture of an extensive system of palaeovalleys drained toward the Lužice
FZ is presented here.
Main morphological features and relationships to basement. – The Western PDS comprises two distinct parts,
as follows: (1) a broad, generally W-SW-striking belt between the western erosional edge of the Cretaceous basin
fill and the western edge of the Labe FZ (near Roudnice
nad Labem), and (2) a relatively narrow, north-striking belt
within the Labe FZ, from the confluence of the modern Vltava and Labe rivers to the modern Labe River canyon in
Hřensko (Fig. 13). There, the axis of the drainage system
enters the Saxonian part of the basin and possibly joins the
Niederschöna Palaeovalley (see below).
To the west of the Labe FZ, the main elevated areas that
bordered the drainage system strike generally ENE: the
Most-Teplice Palaeohigh in the North and the Unhošť-Tursko Palaeohigh in the South, with subordinate
highs such as the Jedomělice Palaeohigh in between
(Fig. 13; Matějka 1936, Jelen & Malecha 1988, Čech &
Váně 1989). To the East of the Labe FZ, several minor
palaeohighs formed the northern part and continuation of
the Maršovice Palaeohigh.
In the western part of the PDS, developed almost completely on Upper Carboniferous clastics, the general strike
of two prominent drainage axes follows the W-SW strike
of grabens of the Upper Palaeozoic Kladno-Rakovník Basin (Fig. 15B). Towards the Labe FZ, the drainage axes
show an increasingly prominent N-S alignment which becomes particularly marked in the central part of the Labe
FZ. While the Ročov Palaeovalley (Špičáková 1999) runs
generally parallel to the marginal faults of the Carboniferous grabens, to ENE up to the centre of the Labe FZ, the
more south-lying Rynholec Palaeovalley takes a sharp
bend near Slaný to a N-S direction. Further east, three minor but morphologically well-defined, N-S aligned, narrow
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C
Figure 15. Overlays of the Central (A), Western (B), and Eastern (C) palaeodrainage outlines over details of Cretaceous subcrop map (left) and horizontal gravity gradients (right), showing the relationships of the PDS elements to the basement units and fault zones. Comments in text.

tributaries existed that merged northward to form the Western Trunk Palaeovalley. This palaeovalley is locally constricted to less than 4 km width between Litoměřice and
Úštěk and runs generally to the North (Figs 13, 15B).
Details of the morphology of the part of the Western
PDS between the Úštěk area and the Czech state border are
impossible to evaluate because of a less dense borehole
coverage than elsewhere (Fig. 11) and problems caused by
Cenozoic faulting and volcanics disrupting the Cretaceous
strata in the Ohře Graben area. In the Děčín area, new data
permitted an interpretation of an apparently isolated
palaeovalley fill, described by Valečka (1979), as a western tributary to the Western Trunk Palaeovalley.
Fluvial to estuarine infill. – The lower part of the infill of the
Western PDS correlates with CEN 1–CEN 2 sequences in
the Central PDS. Only in the lowermost few metres of the
infill of the Western PDS trunk valley, strata without signs
of marine influence are found locally (well J-693687, panel
D1 in Appendix 1; Fig. 14A). Otherwise, sandstone-dominated facies with abundant bioturbation (Palaeophycus, Thalassinoides) and bivalve shells overlie the base
of the palaeovalley in the northernmost boreholes on the

Czech territory. This indicates that estuarine conditions
existed in the northern part of the valley while in the southern, upstream part of the palaeodrainage, fluvial facies were
deposited in the tributary valleys (Liběchov and Úštěk Palaeovalleys). This unit laps out in the Peruc area (Figs 14A,
15B). It is overstepped further headward by sequence CEN 3
that in the most upstream tributary valleys was represented
by fluvial strata (Appendix 1), while the downstream part of
the palaeodrainage has become a major estuarine embayment connected to the flooded Central PDS. In the Rynholec
Palaeovalley, tide-influenced fluvial strata, showing northeastward palaeoflow, and supratidal marsh deposits (Uličný
& Špičáková 1996) are interpreted as the most upstream preserved equivalents of sequence CEN 4 (Fig. 11).
Controls on palaeotopography. – Basement fracturing by
all three main regional FGs (Labe, Jizera, Ohře) influenced
the locations and extent of segments of the Western PDS.
The ENE structural trend of the Ohře FG is prominent only
in the western part of this palaeodrainage, i.e., beyond the
highly faulted area of the Labe FZ. Even within the
Kladno-Rakovník Basin area, however, numerous N-S basement structures of the Jizera FG, shown as a subtle, but
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The Niederschöna Palaeovalley, Saxony

palaeovalley fills in Bohemia. According to T. Voigt (in S.
Voigt et al. 2008), most of the valley fill is probably of
middle Cenomanian age, overlain by estuarine sandstones
of early late Cenomanian age. As an alternative interpretation, early Cenomanian age was proposed for the oldest
part of the palaeovalley fill, followed by a significant
mid-Cenomanian hiatus (Tröger 2003 and references therein). In the interpretation of Tröger (2003, his fig. 2) the
Niederschöna Fm. is considered partly coeval with the late
early Cenomanian coastal facies of the Meissen Fm. preserved in the northwesternmost extremity of the BCB, making the transition to the North German Basin.
In the northern part of the Western PDS on the Czech
territory, estuarine sandstones dominated the palaeovalley
fills. Therefore, the fluvial succession underlying similar
sandstone units in the Niederschöna Palaeovalley (Fig. 11)
is considered older than most of the CEN 1–CEN 2 palaeovalley fills described here. The Niederschöna fluvial strata
correspond either to the lowermost few metres of the Western PDS fill without clear marine indicators, or even to an
earlier depositional episode not recorded in the other PDSs.
Another alternative, with the Niederschöna Fm. interpreted
as a more updip equivalent of the estuarine deposits at the
base of the Western PDS near the Czech/German border, is
considered less likely because of the topographic prominence of the Niederschöna Palaeovalley that was most
probably deeper than the adjacent downstream end of the
Western PDS.

The Niederschöna Palaeovalley is preserved as a chain of
erosional outliers of fluvial to estuarine strata of Cenomanian age in the westernmost part of the Saxonian tip of the
BCB (T. Voigt 1998). It was not a part of the analysis presented here, but in order to provide a complete picture of
Cenomanian palaeodrainage evolution, the published data
and interpretations are briefly discussed below.

Controls on palaeotopography. – The relicts of the Niederschöna Palaeovalley fill show a zigzag trace consisting
of E-W or NNE-striking segments, probably corresponding to local metamorphic fabrics of the Saxothuringian
basement (cf. Konopásek et al. 2001 for analogies), alternating with segments striking northwest, parallel with the
Karsdorf Fault and other Labe Group faults and fractures.

pervasive pattern in the horizontal gravity gradients
(Figs 7, 15B), affected the palaeodrainage trend. The N-S
strike is prominent in the detailed location and alignment of
valley axes within the Labe FZ, where N-S aligned tributaries were located parallel to present-day N-S reaches of the
Labe and Ohře rivers and to the Liběchovka FZ. In general,
the influence of the Jizera FG on the mid-Cretaceous palaeotopography was much stronger than previously thought.
In spite of the fact that the Labe FZ itself is defined by parallel NW-striking faults (synthetic Riedel shears of the
Elbe Zone sensu lato), the antithetic shears of the Jizera FG
had a leading role in defining the subtle topography of the
drainage system, regardless of the underlying lithology.
The broadest part of the palaeodrainage infill is located
entirely on the Late Palaeozoic basin substratum, and a
marked downstream narrowing of the axial palaeovalley
occurs immediately at the contact point with the Saxothuringian Zone metamorphics and subordinate Variscan
granitoids. The change in width of the palaeodrainage is interpreted as due to the difference in resistance to erosion
between the Carboniferous clastics and the metamorphic
basement. Importantly, the palaeodrainage strike shows no
change within the Labe FZ where it crosses the sedimentary/metamorphic basement contact, implying a strong superimposed structural control by the N-S fault system.

Main morphological features and relationships to basement. – The palaeovalley is oriented roughly ENE, with a
bend to the SW close to the Karsdorf Fault (Fig. 6), eroded
into phyllites, orthogneisses of the Saxothuringian domain,
and Late Palaeozoic volcanics. T. Voigt (1998) estimated
the palaeovalley depth as 20 to 50 m and width ranging
between 2 and 5 km. Patchy occurrences of the fluvial Niederschöna Fm. such as that shown by Tröger (2003, his
fig. 4) in the Elbe Valley near Pirna make it difficult to evaluate which structures may have directed the valley strike
locally, but it clearly continued downstream toward the Lužice FZ.
Fluvial to estuarine infill. – The earliest Niederschöna Palaeovalley infill shows a succession of braided-river strata
overlain by meandering-stream deposits and ultimately covered by tide-dominated estuarine strata, analogous to the
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Northern Palaeodrainage System
The Northern PDS is a collective term for a series of
roughly parallel, short, narrow palaeovalleys, all draining
to the N and NE toward the Lužice FZ. The upstream limit
of these palaeovalleys is located along or within the Ploučnice FZ. Metamorphic and igneous basement rocks of the
Saxothuringian Zone prevail over Late Palaeozoic basin
fills in the basement of this palaeodrainage system. Below,
individual palaeovalleys are briefly described, with only
the Ralsko Palaeovalley dealt with in more detail.
The Jetřichovice Palaeovalley. – A short (9 km) palaeovalley of a generally N-S trend is located near Jetřichovice
(Valečka 1979) and extends toward the Lužice FZ into Saxony. This valley was a narrow depression (just 1–2 km in
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width), eroded into the Cadomian granites of the Lužice
Granitoid Complex. Its infill, described by Valečka (1979)
as fluvial, is characterized by several fining-upward, heterolithic successions that reach a maximum thickness of 25 m.
They probably represent tide-influenced fluvial and estuarine facies and correspond to CEN 2 and CEN 3 sequences
(Fig. 15A, B). The palaeotopographic low still existed during the time of shallow-marine deposition of CEN 4 as documented by onlap of this unit on the palaeovalley slopes.
The Cvikov and Rynoltice palaeovalleys. – The Cvikov Palaeovalley trend follows roughly the eastern margin of the
underlying Late Palaeozoic Česká Kamenice Basin and
corresponds to an area of fluvial deposition reported by
Steiner (1978). It covers a larger area than the neighbouring Jetřichovice Palaeovalley. The preserved length of the
axial valley, extending from the Lužice FZ in the North to
the Ploučnice FZ in the South, is ca 22 km. The general
trend of the Palaeovalley is roughly N-S, with some segments possibly striking northeast. The tributary valleys to
the East follow the trend of the Labe FG. The infill corresponding to CEN 2 and CEN 3 sequences reaches 30 m in
thickness.
The Rynoltice Palaeovalley shows a similar strike and
infill, but is shorter – ca 10 km. Its southern segment strikes
more to the NE, in a similar way to the neighbouring
Ralsko Palaeovalley.
The Ralsko Palaeovalley. – The Ralsko Palaeovalley was
drilled by a large number of wells in the uranium mining
district of Stráž pod Ralskem (cf. Rutšek & Kučera 1995,
and references therein). Therefore, its morphology and
relationship to basement fabric could be described in a
greater detail than in other parts of the Northern PDS.
Main morphological features and relationships to basement. – The generalized axis of the Ralsko Palaeovalley
strikes NE, at about a 30° angle to the modern Stráž Fault
(Fig. 6). In detail, however, it shows some segments having
a nearly N-S strike resembling the Jizera FG, and short tributaries of a NW-SE strike, probably reflecting individual
faults and fracture zones of the Labe FG. Especially the
northeasternmost tributary, closest to the Lužice FZ, is
markedly straight (Fig. 14A, B). The palaeovalley axis is
22 km long and the maximum thickness of its infill reaches
45 m. In the northern part of the palaeovalley, underlain
largely by phyllites and quartzites of the Krkonoše-Jizera
Metamorphic Complex, its contours are about 50% narrower than in the southern part, underlain largely by Late Palaeozoic clastics and volcanics of the Mnichovo Hradiště
Basin. To the northwest, the palaeovalley was bordered by
a flat palaeohigh formed by phyllites of the Krkonoše–Jizera Metamorphic Complex, whereas to the southeast lay
an elevated region of the northern slope of the Bezděz Pala-

eohigh, mostly formed by the Mnichovo Hradiště Basin fill
(Fig. 13). The divide between the Northern and Central
PDSs was located here, following the western limb of the
Jizera FZ.
The general strike of the Ralsko Palaeovalley is similar
to the strike of steeply dipping foliation of phyllites and
quartzites of the Krkonoše-Jizera Metamorphic Complex,
exposed northeast of the Lužice FZ (Fig. 15A; cf. Kozdrój
et al. 2001). The relatively steep slopes of the valleys on
metamorphic basement are therefore probably an effect of
weathering and erosion along steep foliation planes and
lithological gradients (phyllite/quartzite).
Fluvial to estuarine infill. – The infill of the Ralsko Palaeovalley and its tributaries generally resembles that of the
Central PDS. Fluvial to estuarine strata reach a maximum
thickness of 41 m and are typically composed of several
fining-upward cycles, with a general superimposed trend
of fining upward throughout the entire succession. In contrast to the Central PDS infill, breccias are abundant on the
coarse end of the lithological range and commonly alternate with thick kaolinitic claystone horizons. In spite of
physical separation from the preserved Central PDS infill,
the well-log patterns and core allow correlations to be
made between the Ralsko Palaeovalley infill and the CEN
1–CEN 3 sequences defined in the Central PDS. Strata
equivalent to CEN 1 are completely devoid of marine plankton but tidal influence near the top of the fluvial succession correlative to CEN 2 has been detected in palynomorph assemblages. Heterolithic laminites interpreted as
estuarine intertidal deposits occur near the top of CEN 2.
CEN 3 is mostly represented by coarse-grained sandstones
interpreted as subtidal channel fills.
The Starý Dub Palaeovalley. – Immediately west of the
northwestern margin of the Central PDS, a palaeovalley
only 1–2 km wide and of ca 7 km preserved length, striking
northeast, closely follows the edge of the Late Paleozoic
Mnichovo Hradiště Basin. Its strike probably reflects the
Ohře FG trend preserved in the basement fabric in this location. The facies succession in the palaeovalley fill is closely similar to the neighbouring Central PDS.
Controls on palaeovalley formation and filling, Northern
PDS. – Overall, the orientation of the individual palaeovalleys suggests a strong structural control, dominated by structures of the Jizera and partly, Ohře FGs. The high percentage
of breccias in the stratal succession is interpreted as due to
short transport along a relatively steep profile compared to
the Central and Western PDSs. In addition, a large part of
the catchment of the Northern PDS developed on metamorphics and marginal, coarse-grained facies of the Late Palaeozoic extensional basins. Some of the kaolinitic claystone
beds in cores are difficult to distinguish from the underlying,
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in-situ weathering profiles, again apparently due to short
downstream transport in the small palaeovalleys. The short
length and apparently higher gradient than in the neighbouring PDSs might indicate an involvement of a subtle uplift
immediately prior to, or during deposition; it is, however,
difficult to recognize geometric evidence for uplift in the
stratigraphy along the valley dip profiles.
One significant implication of the palaeotopography
and infill history of the Cenomanian palaeodrainage is that
the present-day Stráž Fault which forms a tectonically
prominent border of a part of the Tertiary Ohře Graben did
not have an individual predecessor structure significantly
expressed in the Cenomanian palaeotopography.

Eastern Palaeodrainage System
The preserved record of the Eastern PDS covers a much
smaller area than the Central and Western PDSs, due to
Cenozoic differential uplift and erosion in the southeastern
part of the basin (Figs 13, 15C). In addition, episodes of
uplift affected the palaeovalley fills already during the
Cenomanian. Therefore, the reconstruction of the palaeodrainage is more tentative than in previous cases.
Main morphological features and relationships to basement. – The best preserved part of the Eastern PDS is a palaeovalley segment, ca 40 km long, striking N160E, with
several minor tributaries on both the eastern and western
sides. This contiguous palaeovalley segment was referred to
as the Semanín-Malonín “depression” in earlier literature
(Vajdík & Vybíral 1973, Frejková & Vajdík 1974). North of
Semanín, the palaeovalley infill is not preserved because of
pre-late Cenomanian erosion (see below, and Fig. 14B). A
branching relict of a Cenomanian drainage, filled largely by
tide-influenced deposits, corresponding to sequence CEN
C1, is found ca 15 km further North near Potštejn. It is interpreted here as the most upstream part of the Eastern Trunk
Palaeovalley (inset in Fig. 14B). The axis of the entire valley, reconstructed as over 70 km long, closely followed the
western marginal fault of the underlying Late Palaeozoic
Orlice Basin. This fault juxtaposes the Late Carboniferous to
Permian clastics (Holub in Pešek et al. 2001) against the metamorphic basement representing the northern extension of
the Polička Metamorphic Complex and interpreted as part of
the Lugian Zone (Fig. 4; e.g., Schulmann et al. 2009). The
downstream end of the palaeovalley, in Malonín area, was
separated by a low-relief palaeohigh from another palaeovalley preserved as a relict infill in the southernmost part of
the Blansko Graben and named the Blansko Palaeovalley
(southern part of the “Kunštát-Blansko depression”, Vajdík
& Vybíral 1973). Vajdík et al. (1978) hypothesized that the
two palaeovalleys were connected along the axis of the underlying Boskovice Graben.
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A minor relict of a narrow palaeovalley fill, thickening
to the South but isolated by Cenozoic erosion from the rest
of basin fill, is the Skutíčko Palaeovalley (Fig. 13; part of
the “Rosice-Štěpánov depression” of Vajdík & Vybíral
1973). It is inferred here that it may have connected with a
valley that cut obliquely across the area of the Blansko
Graben. The hypothetical valley axis connecting these two
palaeovalley relicts was referred to as the Svratka Palaeovalley in Uličný et al. (2004), and follows the inferred direction of clastic input into the Blansko Graben area in
Frejková & Vajdík (1974, their fig. 11).
Further south of the preserved BCB fill, evidence of
fluvial deposition of speculative Cenomanian age, preserved along a fracture network belonging to the Sázava
FZ, was reported by Vít et al. (2003).
Fluvial to estuarine infill. – Sequence CEN A, represented
by coarse-grained sandstones and conglomerates, with
subordinate mudstone interbeds (Fig. 11) fills the deepest,
axial part of the Eastern Trunk Palaeovalley and has a possible equivalent in the basal fluvial strata in the Blansko
Palaeovalley. It is interpreted as braided stream deposits,
deposited as the first phase of backfilling of the palaeodrainage. Sequence CEN B, interpreted as lower-gradient river
with a high proportion of overbank deposition and a possible tidal influence in the southernmost part of the region,
filled a broader area shown by the outline in Fig. 13. Sequences CEN C1 and C2 represent two further steps in the
gradual flooding of the area, with relatively uniform thickness distribution in cross-valley sections (Fig. 14B). They
comprise mud-dominated, inner-basin fill of a barred estuary (CEN C1) and an infill of a large, brackish embayment
that covered most of the region to the east of the Nové
Město-Holice Palaeohigh (CEN C2).
Frejková & Vajdík (1974) and Frejková (1984), based
on heavy mineral data, proved the southward direction of
palaeoflow in the Eastern PDS. These studies showed that
the lowermost valley-filling units received a significant
portion of clastic material from the Orlice Basin Permian
strata, whereas provenance from metamorphosed units located further northwest and northeast, especially the
Zábřeh Metamorphic Complex, dominates in the overlying
units. This is explained by covering of most of the Orlice
Basin by Cenomanian deposits relatively soon after the onset of the drainage backfilling. The more northern occurrences of Permian clastics, in the Krkonoše Piedmont Basin and the Intra-Sudetic Basin, were located beyond the
main drainage divide.
Later deposition in the region is associated with the onset
of subsidence in previously elevated area to the Southwest
of the Eastern Trunk Palaeovalley, with coeval tilting of the
underlying blocks, and partial erosion of the palaeovalley
fills North of Semanín. Locally, the Turonian Bílá Hora Fm.
directly overlies the relicts of fluvial strata of the oldest se-
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quences (Fig. 14B). Hypr et al. (1982) associated the uplifted block with the “Kozlov Ridge” (as defined e.g., in
Soukup et al. 1962), and this interpretation was adopted by
Kanta (2000). The Kozlov Ridge, however, is a Cenozoic
morphotectonic feature, considerably smaller than the area
affected by tilting and erosion prior to, or during the early
phase of, deposition of CEN D (Uličný et al. 2004). The kinematics of individual basement structures during the CEN
D local uplift has not yet been fully resolved.
Controls on palaeotopography. – The strike of the Eastern
Trunk Palaeovalley along the western edge of the Permian
Orlice Basin suggests a combination of lithological contrast and basement structural control. The strike of the presumed marginal faults of the Orlice Basin differs slightly
from the present-day fault framework that is dominated by
NNW-trending border faults of Cenozoic half-grabens (referred to as “synclines“and “anticlines“ in earlier geological literature, e.g., Č. Zahálka 1921; see overview in Soukup et al. 1962 and references therein). The modern
Svitava River shows a small divergence from the strike of
the axis of the Eastern Trunk Palaeovalley.
Whereas the dominant Sudetic FG controlled the axis
of the Eastern Trunk Palaeovalley, tributaries to the west of
it may have followed fractures of the Labe System, not detectable in present day geology after the Cenozoic tectonic
reworking. Several N-S-directed basement faults, attributed to the Jizera FG, clearly helped to define the prominent drainage divide of the Holice-Nové Město Palaeohigh. Syndepositional activity of any of the faults during
the fluvial infill phase is not proven.

Discussion
Basement fault zones as an overriding control
on drainage
The PDSs within the sub-Cretaceous unconformity developed, to a varying extent, on all orogenic zones of the Variscan basement and concentrated, in particular, above the
post-orogenic, Late Palaeozoic basin fills. Although the
axes of the most important palaeovalleys follow either the
Late Palaeozoic basin axes (Western and Central PDSs) or
their borders with older basement units (Eastern PDS), they
are never confined to the inherited Late Palaeozoic basin framework and cross both into and out of it. Almost all of the
palaeovalleys that were traceable in the subsurface in sufficient length follow one of three principal structural trends in
the basement: the Labe (and Sudetic), Jizera, or the Ohře
FGs. In spite of the overall gentle relief of the peneplain,
with the deepest valleys less than 90 m below the surrounding terrain, the dependence on three structural directions
shows the superiority of the fault and fracture systems over

lithological contrasts. This is demonstrated, for instance, in
the Western PDS, where the downstream change from
WSW-ENE to N-S alignment of the Western Trunk Palaeovalley occurs well within the Late Palaeozoic basin fill.
Attempting to classify the drainage patterns (Howard
1967) of the bedrock-confined palaeovalleys in a study
based on an irregular borehole network is not as meaningful
here as in high-resolution studies of Quaternary palaeovalley networks such as that by Menier et al. (2006). Many
of the Bohemian Cenomanian palaeovalleys would fall into
the linear longitudinal network type, with elements of rectangular to trellis networks (e.g., the Cvikov Palaeovalley)
where the valleys cross faults oblique to their axes.

Effects of basement lithology
on the palaeodrainage
Parts of the Late Palaeozoic basin fills formed broad, lowlying regions in the pre-Cenomanian peneplain, in which the
fluvial to estuarine infills created palaeovalley fills of up to
30 km cross-valley width. This is in marked contrast to palaeodrainage segments developed on metamorphic or igneous
Variscan basement that show significantly narrower palaeovalleys with steeper sides (Fig. 14A). In a map view, downstream broadening is observed where a palaeovalley crosses
from pre-Carboniferous basement to a Permo-Carboniferous basin fill, and vice versa. The lower resistance of Late
Palaeozoic basin fills to weathering and erosion is interpreted to have produced broader palaeovalleys with lower
cross-valley relief, in a similar way to the examples in Menier et al. (2006). This uniformity of cross-valley relief is not
an artifact of interpolation in areas of low borehole coverage, as shown by the lithology-dependent changes in valley
width in the densely drilled Ralsko Palaeovalley.

Structural control on intrabasinal drainage
versus outlet streams
In order to answer the question which of the basement fault
systems had the most profound influence on the palaeodrainage orientation, it is useful to make the distinction between the intrabasinal PDSs and the ultimate trunk streams
facilitating drainage out of the basin area (Fig. 10A), toward the NW and SE. While the former are represented by
the palaeovalley fills within the basin, the latter are interpreted from larger-scale palaeogeographic considerations
and a few small palaeovalley fills (Blansko Palaeovalley),
with most of their record destroyed due to Cenozoic inversion, shearing and erosion at the basin margins (cf. Ziegler
1990, Coubal 1990). Within the basin area, the palaeovalley fills show an influence of all three main structural
trends, with the N-S Jizera FG followed by the greatest
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number and length of valley segments. The fact that the
Labe Group faults are not followed by the trunk streams of
the PDSs but only by some tributaries, can easily be explained by the fact that the intra-basinal streams followed general topographical slopes dipping toward the Lužice FZ
(Western, Northern, and Central PDSs) and the Železné
hory FZ (Eastern PDS). This effect alone may have favoured the alignment of streams with structures orientated
roughly transverse to the basin-bounding faults. It is possible that weathering and erosion in the peneplain were
simply preferentially concentrated in areas where the N-S
faults and fractures were made prominent by pre-Cenomanian (mostly Permian?) activity. In addition, however,
an incipient, subtle activity of some of the Jizera Group
faults, not detectable with the present data coverage, may
have contributed to their prominence in the palaeodrainage
pattern.
Along the Lužice FZ, a fault-aligned outlet stream is interpreted to have drained the western part of the basin toward the North German Basin (see below for discussion of
palaeogeographic context). Across the main drainage divide, the inferred Svratka Palaeovalley drained toward the
Tethys along the Železné hory FZ (Fig.10).

Directions of outward drainage
and regional palaeogeographic evolution
The Cenomanian drainage from the BCB toward the Tethyan realm, along structures of the Labe FG, has long been
accepted by most workers (Krystek & Samuel 1972; Frejková & Vajdík 1974; Malkovský et al. 1974; Svobodová
1992, 1997; Uličný & Čech in S. Voigt et al. 2008). The location of the outlet path to the Boreal realm, however, has
remained problematic. Uličný et al. (2004) and Uličný &
Čech (in S. Voigt et al. 2008) inferred a possible outflow
from the Central PDS toward the NE, into the North Sudetic Basin region (grey arrow in Fig. 10A), and hypothesized
that this outward drainage was joined from the WNW by a
stream that followed the Lužice FZ.
The recent completion of sequence-stratigraphic correlation in the western part of the basin brought evidence for
tidal-estuarine conditions at the downstream end of the
Western PDS during the time of sequences CEN 1–CEN 2
(Figs 11, 14A). The paralic deposition near the western end
of the Lužice FZ at this time is in contrast with fully fluvial
conditions of CEN 1 and a modest tidal influence in fluvial
strata of CEN 2 at the downstream end of the Central PDS,
about 80 km ESE along the Lužice FZ. This fact supports
the hypothesis of a northwestward drainage by an outlet
stream along the Lužice FZ, towards the North German Basin (Fig. 13), rather than a northeastward path to the North
Sudetic Basin. The latter would be twice as long, would
have to have traversed several major fault zones (e.g., the
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Intra-Sudetic Fault) while keeping out of the Intra-Sudetic
Basin with only a minor reported record of Cenomanian
fluvial deposits in the Krzesów area (cf. Radwański 1975).
Most importantly, the northeastward course contradicts the
distribution of fluvial vs. estuarine facies of CEN 1–2 age
along the Lužice FZ.
Hypothetically, in the absence of data on palaeotopography north of the Lužice FZ, it could be argued that individual palaeovalleys might have continued directly
across the Lužice FZ further to the NE, across the block of
the Saxothuringian Zone in Western Sudetes that in the late
Cenomanian became a long-term source area. Such an interpretation, however, would require a total inactivity and a
lack of surface expression of the Lužice FZ, as well as a
continuation of the regional slope further northeast beyond
the trace of this fault zone. An outward drainage axis following the Lužice FZ to a lower–middle Cenomanian marine embayment in the Meissen area is considered more
likely and is consistent with the lower Cenomanian age
suggested for the Niederschöna Fm. by Tröger (1996,
2003). The late middle to early late Cenomanian age of this
formation inferred by T. Voigt (1998) was based on extrapolation of approximate dating of the first occurrence of
Complexiopollis pollen by Pacltová (1966), from localities
upstream in the Western PDS. There, however, the first fluvial deposits are much younger (CEN 3–CEN 4) than the
Niederschöna Palaeovalley fill, as documented here
(Figs 11, 14A).

Passive palaeodrainage filling versus active
subsidence/uplift
The maximum thicknesses of the palaeovalley fills along
the Lužice FZ, after removal of deformation by late Cenomanian subsidence, are very similar, with minor discrepancies of less than 10 per cent between different PDSs
(Fig. 14). These facts suggest a common base level control,
both at the time of valley cutting and during filling. Together with backfilling documented in the Western and Eastern PDSs, this indicates that passive filling of shallow palaeorelief of the peneplain dominated in the entire basin area.
Therefore, we interpret the long-term, stepwise eustatic
rise characteristic of the Cenomanian stage (Hancock &
Kauffman 1979, Gale et al. 2002) to have been the main
cause of the stepwise base-level rise that caused backfilling
of valleys and a stepwise increase in marine influence on
deposition.
The first episode of differential subsidence documented
by a change in thickness of shallow-marine facies across
the Labe FZ occurred in CEN 4 sequence (Fig. 14A,
downdip of borehole RD-1 in cross-section D1). The case
of the Brník Palaeovalley (Fig. 14A, cross-section S3b),
however, indicates that, locally, the palaeostress conditions
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could have led to syn-depositional subsidence during the
pre-CEN 4 fluvial deposition earlier in the middle
Cenomanian.
Regardless of the lack of direct evidence for
syndepositional activity in most of the individual faults
associated with individual palaeovalleys, the general, basin-scale picture of the distribution of PDSs and
palaeohighs suggests that a palaeostress field, similar in
orientation to that of late Cenomanian and Turonian (cf.
Uličný et al. 2009), may have caused gentle warping that
influenced the peneplain slopes and directions of surface
drainage (cf. Holbrook & Schumm 1999, Schumm et al.
2000). It is suggested here that the very subtle asymmetric
subsidence along the principal fault zones, during the
early and middle Cenomanian expressed only by regional
slopes, later became much more pronounced when in late
Cenomanian an increase in strain rates led to formation of
depocentres and adjacent source areas, with the principal
depocentres essentially copying the locations of earlier
palaeotopographic lows of the fluvial infill phase
(Fig. 10).

Summary
The tectonic layout of the BCB played a dominant role in
determining the orientation of palaeovalleys and the general palaeosurface slopes towards the basin-bounding faults.
The distribution of basin-scale topographic lows was similar to distribution of depocentres during later depositional
phases of late Cenomanian–Coniacian times.
While bedrock lithology had the subordinate effect of
narrowing or broadening valleys on more vs. less resistant
substratum, respectively, the locations and directions of
palaeovalleys were strongly controlled by positions of inherited Variscan basement fault zones. The intrabasinal
part of the palaeodrainage network followed the slopes toward the WNW-striking basin-margin faults of the Labe
FG. Most palaeovalley axes followed the NNE- striking
Jizera Group faults and fractures, prominent also in the
alignment of modern streams in the area.
The outlet streams that drained the basin area are interpreted to have followed the Lužice FZ toward the Boreal
province to the Northwest, and the Železné hory FZ toward
the Tethyan province to the Southeast. At both the northwestern and southeastern ends of the BCB, shallow-marine or estuarine conditions are proven to have existed
during the early Cenomanian. A major drainage divide, the
Holice-Nové Město Palaeohigh, was located in the eastern
part of the basin and followed the same strike as the modern North Sea/Black Sea drainage divide.
The onset of deposition by fluvial backfilling of the
PDSs, followed by incremental marine flooding of the basin area throughout the Cenomanian, was caused mainly

by the long-term, stepwise rise in global sea level. The
earliest basin-scale episode of tectonic subsidence, accompanied by establishment of new source areas and by
local intrabasinal uplifts, is documented from the late
Cenomanian.
Direct evidence for syndepositional subsidence during
the early to mid-Cenomanian fluvial to estuarine phase is
very rare. It is inferred that subtle surface warping, mostly
without detectable discrete faulting, was caused by the onset of the palaeostress regime that later, with further stress
accumulation, led to the onset of subsidence in
fault-bounded depocentres of the BCB and uplift of new
source areas.
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