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Fig. 10. Schematic palacogeographic evolution of the marginal parts of the North Sudetic and Intra-Sudetic basins in the Early Permian
to Early-Middle(?) Triassic. Note the hypothetical sediment source areas and the postulated interconnection of the WG and KB areas
(brown and red dashed lines). Location of the Permian volcanic centres after Awdankiewicz (1999, 2006). Possible sense of movement on
the regional fault zones in the Early Permian after Aleksandrowski (1995), Uli¢ny (2001) and Wojewoda (2007). For discussion, see text.
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WG, formed there already in the Late Carboniferous or
Early Permian (Milewicz and Frackiewicz, 1988). This
morphological depression lost its topographic relief by the
Early Triassic, filled in by the Rotliegend alluvial fans and
braided-river deposits and then invaded by the Zechstein
epicontinental sea (Fig. 10B; Kowalski et al., 2018a). The
WG area thus inherited a NW-inclined topography of the
Zechstein plain, whereby the Buntsandstein fluvial drainage
followed the NW and N direction of the earlier Rotliegend
drainage (Fig. 10C; cf. palaeocurrent directions in Fig. 3A,
C). Subsidence may have been slightly more pronounced in
the Grodowa Horst area, where the Buntsandstein thickness
reaches ca. 100 m (Fig. 3B). The regional trend of a NW-
increasing thickness of the Buntsandstein is observed in the
whole NSS area, reaching 360 m in vicinity of Lwowek
Slaski and ca. 800 m near Bolestawiec (Berezowska
and Berezowski, 1982). The earlier interpretive map of
Buntsandstein in the WG, assuming a uniform thickness of
ca. 100 m (Milewicz, 1968), is thus considered incorrect in
the light of the present mapping study and available bore-
hole data.

It should be emphasized that the Zechstein Sea did not
reach the KB area (Fig. 10B), which must have been elevated
in relation to the WG area both in the Permian and the Early
Triassic. Deposition in the Intra-Sudetic Basin (ISS) at that
time was terrestrial, dominated by alluvial fan and braided
river environments (Dziedzic, 1961; Sliwinski, 1980, 1981,
1984). Therefore, the Permo-Triassic sedimentary succes-
sion in the middle part of the KB area cannot be interpreted
as a “transition [...] with complete passage from Zechstein
marine near-shore carbonates [...] via coastal plain sedi-
ments to inland fluvial plain deposits” (Mroczkowski and
Mader, 1985). The boundary between the Permian and the
Triassic deposits in the KB area (localities 10, 11) is an ero-
sional unconformity (Fig. 8). If an early Permian age of the
Chetmsko Slaskie Beds (Sliwinski, 1980, 1981, 1984) is as-
sumed, the minimum time gap corresponding to this uncon-
formity would be ca. 20 Ma. This estimate implies to a pos-
sible break in sedimentation in the KB area encompassing
the whole Late Permian. The WG area at that time hosted a
shallow embayment of the Zechstein Sea, where sedimen-
tation on a muddy coastal plain was eventually replaced in
the Early Triassic by a fluvial environment (Kowalski ez al.,
2018a).

Regional implications

The investigated WG and KB areas are tectonically cut-
off regional relics of an Early Triassic larger continental
sedimentary basin (cf. Szyperko-Teller and Moryc, 1988;
Feist-Burkhardt et al., 2008; Bachmann et al., 2010). The
Buntsandstein sedimentation in these areas was recogniza-
bly controlled by the inherited pre-Triassic basin topography
and influenced by local morphological factors. According to
the existing palaeogeographic reconstructions, the WG and
KB areas in the Early Triassic were situated in the south-
ernmost, enclosed part of the Polish Buntsandstein Basin,
forming the southeastern part of the Triassic Germanic
Basin (Fig. 1). The Bohemian Massif was the southernmost
elevated flank of this basin, with no connection to the Tethys

Ocean (Feist-Burkhardt ez al., 2008; Bachmann ez al., 2010).
The sediment source areas for this Sudetic basinal complex,
comprising the ISS and NSS, were the Variscan orogenic
belts and post-Variscan granitoids at the N/NE fringe of the
Bohemian Massif: the Orlica Massif and Kudowa Granite
Massif to the south, the Gory Sowie Massif to the east, and
the South Karkonosze Massif to the west (Mroczkowski,
1972; Mroczkowski and Mader, 1985). Petrographic com-
position of the Buntsandstein indicates that the sediment to
the WB and KB areas was sourced mainly from the Kaczawa
Metamorphic Complex and the Karkonosze-Izera Massif
located to the north, south and southeast (Fig. 10C; see also
Mroczkowski, 1972, 1977). Local aeolian dune fields may
have developed in the Early Triassic at the highland margins
of the Sudetic Buntsandstein basinal complex, as suggest-
ed for the eastern part of the Karkonosze Piedmont and the
southernmost part of the ISS (Uli¢ny, 2004).

The KB and WG areas are located today at a distance
of ca. 40 km from one another, probably slightly smaller
than originally, and are separated by crystalline units de-
void of Mesozoic rocks. However, contrary to the sugges-
tion by Mroczkowski (1972), the ISS and NSS must have
been linked in the Permian (Fig. 10B) and Triassic (Fig.
10C), and by marine straits in the Late Cretaceous (Uli¢ny
et al., 2009; Leszczynski and Nemec, 2019), as indicated
by palaeotransport directions. Wojewoda et al. (2016) and
Kowalski (2017) suggested that the ISS, including the KB
area, might have been affected by a marine incursion of the
ROt Sea in the latest Early Triassic, which would necessar-
ily include the WG area. There is so far no clear evidence
to support this hypothetical notion, although the upper
Lower to Middle Triassic marine carbonate deposits (Rot
and Muschelkalk) are known from the Grodziec Syncline
area (NSS; cf. Chrzastek, 2002), ca. 25 km to the north of
the WG. Likewise, unsupported remains the suggestion by
Durkowski et al. (2017) that the Triassic kaolinitic sand-
stones in the Grodziec Syncline within the NSS were depos-
ited “during a marine transgression, in a lagoonal environ-
ment with a significant influence of low-flow regime rivers”.
There is no documented Upper Triassic, Jurassic and Lower
Cretaceous deposits, in the Sudetic region, although this
stratigraphic gap can be attributed to the tectonic uplift
and erosion related to the onset of the Alpine orogeny.
This issue is highlighted by the lack of Triassic depos-
its between the KB and WG areas, similarly as between
the northern WG and the southern part of the adjacent
Lwowek Slaski Half-Graben (Figs 2, 10C). These areas
are separated by tectonic horsts and show Triassic thick-
ness of up to 300-360 m near their margins, which implies
cut-off relics of an originally broader Buntsandstein basin.
The marine Upper Cretaceous overlies unconformably the
Buntsandstein in the WG area and in the adjacent Lwowek
Slaski Half-Graben (NSS), which points to a combined ef-
fect of the Alpine tectonism and eustasy (cf. Leszczynski
and Nemec, 2019).

The notion of a Triassic to Late Cretaceous regional uplift
and erosion is supported by the lack of Triassic deposits in
the middle and northern parts of the KB along a transverse
fault oriented NE-SW (Fig. 7). Kaolinitic sandstones occur
only as an erosional relic at locality 8 in the northernmost
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part of the KB. Such an isolated occurrence of Triassic de-
posits suggests that they originally covered a larger area
than presently observed. Moreover, the thickness of Triassic
deposits in the Czech part of the ISS increases gradually
towards the NW (Prouza et al., 1985), whereas in the KB
it consistently decreases in that direction, from the village
of Laczna towards Gorzeszow over a distance of ca. 5 km
(Fig. 7). Such a local abrupt decrease of thickness is proba-
bly a result of the gradual uplift of the KB area between the
Middle Triassic and Late Cretaceous, with coeval tilting of
the underlying block along faults oriented NE-SW. The re-
moval of Triassic rocks from the uplifted block by pre-Ceno-
manian erosion and uplift made the marine Upper Cretaceous
rest unconformably on the Permian in the northern part of
the KB (Figs 2, 7). A similar effect of pre-Cenomanian uplift
and erosion is observed in the WG, where the thickness of
Triassic deposits decreases towards the SE with no evidence
of source-proximal alluvium (fanglomeratic facies) and
hence in no relation to the sub-basin original margin.

CONCLUSIONS

The present paper addressed the Triassic depositional pal-
aeoenvironment and palaeogeography in the Wlen Graben
and Krzeszé6w Brachysyncline — two distinct tectonic subu-
nits and little-studied outliers of the North Sudetic and Intra-
Sudetic synclinoriums at the NE fringe of the Bohemian
Massif. New revised geological maps of these study areas
are presented, together with the Triassic synthetic isopach
and palacogeographic maps based on the field mapping,
borehole data and measured palaeotransport directions.

Due to the lack of biostratigraphic data, the age of de-
posits was determined solely on the basis of their strati-
graphic position. The Lower Triassic (Buntsandstein)
in the Wlen Graben area was deposited after the Late
Permian (Zechstein) marine transgression. In the Krzeszow
Brachysyncline area, it was deposited with a ca. 20 Ma gap
directly on the Lower Permian (Rotliegend). In the Late
Permian, the Wlen Graben area constituted a shallow-ma-
rine embayment of the Polish Zechstein Basin, whereas the
Krzeszoéw Brachysyncline area was an elevated terrain sub-
ject to denudation.

The Early Triassic palacotopography in the Wlen Graben
and Krzeszow Brachysyncline areas of the North Sudetic
and Intra-Sudetic basins was inherited from the Permian
topographic configuration of these basins. The two areas
were probably interconnected and were parts of a broad-
er, gently NW-sloping endorheic alluvial plain drained by
shallow braided rivers. The petrographic composition of
Buntsandstein indicates sediment provenance from the sur-
rounding Variscan low mountain belts, elevated crystalline
blocks and post-Variscan granitoid massifs, including ero-
sion of Permian deposits.

The Buntsandstein sedimentary facies in the study are-
as are consistent with the general notion of Early Triassic
semi-arid climatic conditions in the Central Europe. The
kaolinitic sandstones at the Buntsandstein top (?Middle
Triassic) seem to indicate an increased climate humidi-
ty, with pronounced chemical weathering of sediment in
uplifted areas and the formation of “terminal” lakes in

local depressions, accumulating degraded washout plant
detritus.

The Wlen Graben and Krzeszow Brachysyncline areas,
as isolated outliers, are crucial relics of the Triassic Sudetic
basinal complex at the NE fringe of the Bohemian Massif,
as they indicate a broad endorheic basin dissected topo-
graphically by pre-Cenomanian tectonics. The primary ex-
tent of this sedimentary basin is difficult to reconstruct, but
the present study reveals its broad extent with an array of in-
terconnected sub-basins and local depocentres. The study as
a whole contributes to an understanding of the Triassic pala-
eoenvironment and palacogeography at the Polish fringe of
the Bohemian Massif.
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