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Sedimentological, stratigraphical and geophysical studies across a new Triassic-Jurassic transition section in the Holy

508

Cross Mts., Poland have revealed a large sedimentary hiatus embracing the entire latest Triassic—Early Jurassic — earliest
Middle Jurassic time interval and yielded new data on the Triassic fluvial system and on Middle Jurassic shallow marine sedi-
mentation. The presence of organic-walled dinoflagellate cysts allowed a precise age assignment of the black clay facies.
Regional discussions and comparisons may be made with other areas with a similar depositional environment in Poland. For

the first time a counterpart of the “Koscieliskie Beds” lithostratigraphic unit is proposed to exist in the Holy Cross Mts. area.
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INTRODUCTION

The lithology and thickness of the Permian-Mesozoic suc-
cession in the Holy Cross Mountains (HCM) in central Poland is
regionally variable. One of the most diverse intervals in the suc-
cession, widely discussed in the literature, is the Triassic-Juras-
sic transition (Lewinski, 1912; Karaszewski, 1962; Jurkiewi-
czowa, 1967; Siemigtkowska, 1967; Karaszewski and Kopik,
1970; Kopik, 1970; Pienkowski, 1983, 2004; Deczkowski, 1997;
Pienkowski et al., 2014). Generally, to the north of the HCM Fold
Belt, the Upper Triassic red- and vari-coloured terrestrial depos-
its (Keuper) are subdivided into several informal formations (see
Pienkowski, 2009). The Upper Triassic rocks are generally con-
formably overlain by thick (up to 900 m) continental and marginal
marine deposits of the Lower Jurassic siliciclastic succession,
with the Upper Rhaetian to Lower Hettangian Zagaje Formation
of fluvial and lacustrine origin at the base (Pienkowski, 2004). To
the south of the HCM Fold Belt, the Upper Triassic red,
fine-grained clastics are directly overlain by Middle Jurassic
transgressive marine sedimentary strata (Lewinski, 1912;
Siemigtkowska, 1967, 1969; Barski, 1999). In the southern re-
gion the rocks representing the uppermost Triassic, Lower Ju-
rassic and the lower part of the Middle Jurassic have probably
been removed by erosion. However, they are preserved in the
western part of the Mesozoic margin of the HCM (= MHCM),
where the Lower Jurassic is represented by gravels and coarse-
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-grained gravelly sandstones, referred to the Snochowice Beds
(Dadlez, 1962; Jurkiewiczowa, 1967), included by Pienkowski
(2004) within the Zagaje Formation, and covered by younger de-
posits of the Zagaje Formation. The Snochowice Beds have a
thickness increasing rapidly to the north, from zero up to seventy
metres, and further towards the north and north-west they
interfinger with finer-grained deposits of the Zagaje Formation.
The variegated thickness of the Snochowice Beds was firstly ex-
plained as a result of accumulation in river valleys
(Jurkiewiczowa, 1967). Pienkowski (2004) also interpreted them
as braided-river deposits. The Snochowice Beds thickness pat-
tern, facies development, and lateral distribution suggest an allu-
vial fan origin with a synsedimentary wedge-shaped geometry
(Pienkowski, 2004; Koztowska, 2012). The alluvial fan formation
is interpreted as a result of the development of significant relief
on the previously flat basin floor (Jurkiewiczowa, 1967;
Koztowska, 2012). The pronounced lithological differentiation of
the Triassic-Jurassic transition in the transect discussed is re-
lated to faulting and re-arrangement of the basin floor in Late Tri-
assic times (Pawlowska, 1979; Deczkowski and Franczyk, 1988;
Branski, 2004; Koztowska, 2012). The diverse scale of tectonic
uplift presumably caused differential partial erosion of the Upper
Triassic rocks in the southern and western part of the area
(Jurkiewiczowa, 1967; Deczkowski and Franczyk, 1988). The
Upper Triassic succession is referred herein to the Keuper
(Pienkowski, 2009), although the upper boundary is still not
clearly defined in the area studied (Kopik, 1970; Senkowiczowa,
1970; Pawlowska, 1979; Deczkowski and Franczyk, 1988;
Fijatkowska, 1992; Krupnik et al., 2014).

The timing of the Middle Jurassic marine transgressions
onto the southeastern part of the Polish epicontinental basin is
widely discussed in the literature (Siemiatkowska, 1969;
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Daniec, 1970; Siemigtkowska-Gizejewska, 1974; Dayczak-
-Calikowska and Moryc, 1988; Feldman-Olszewska, 1997). To
the south of the HCM Fold Belt (e.g., Wola Morawicka section),
the oldest Jurassic marine deposits are represented by Lower
Bathonian black mudstones (Siemigtkowska, 1967; Barski,
1999). However, in some places, e.g. the Brzegi IG 1 borehole
(Jurkiewicz, 1974) and Gumienice exposure (Siemigtkowska,
1969), transgressive sandstone beds occur below biostrati-
graphically dated Bathonian or Callovian rocks. The pre-
-Bajocian/Bathonian transgression morphology was probably
driven by uplift linked to the initial rifting processes of the Tethys
Ocean postulated by Matyja (2015).

This paper describes the sedimentological and palystrati-
graphical characteristics of the new section of Triassic and Ju-
rassic deposits in the recently exposed Wolica section in the
southern part of the MHCM.

Detailed sedimentological analyses carried out at the expo-
sures were supplemented with electrical resistivity tomography
(ERT) data, allowing interpretation of the depositional geometry
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of the rocks analysed and reconstruction of the geological his-
tory of the study area, especially focused on the character of the
Middle Jurassic transgression.

GEOLOGICAL SETTING

Permian to Cretaceous rocks, cropping out around the
HCM Fold Belt in central Poland (Fig. 1), represent a succes-
sion of sedimentary rocks about 5 km thick that infill the south-
eastern part of the Polish epicontinental basin (Kutek and
Gtlazek, 1972), linked until the Middle Jurassic with the Danish
Basin and later with the Central European Basin System
(Pienkowski et al., 2008). The rocks are referred to in the litera-
ture as the MHCM, due to the present-day map resulting from
post-Alpine inversion of the basin and local exhumation of the
underlying Paleozoic rocks largely deformed by Variscan fold-
ing (Kutek and Glazek, 1972; Fig. 1).

o

N\

Fig. 1. Geological map of the study area
(compilation after Czarnocki, 1938; Filonowicz 1966, 1976, 1978; Hakenberg, 1973)

HCM Fold Belt — Holy Cross Mountains Fold Belt, MHCM — Mesozoic margin of the Holy Cross Mountains
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The post-Variscan relief was entirely buried during the
clastic sedimentation of the Buntsandstein. The Buntsand-
stein is overlain by the R6t and Muschelkalk neritic carbonates
(Senkowiczowa, 1970; Trammer, 1975; Szulc, 2000), and
siliciclastic and carbonate rocks of the Upper Triassic (Kopik,
1970; Senkowiczowa, 1970). The lower part of the Upper Tri-
assic in the MHCM is represented by various, mainly red and
greenish, terrigenous sedimentary rocks (mottled claystones,
mudstones and sandstones), with a few intercalations of lac-
ustrine carbonates (limestones, marls, dolomites) and eva-
porites. Sedimentological aspects of the Keuper are poorly
recognized and based on vertical lithological observations
performed mainly in the borehole successions. The observed
facies associations are interpreted as formed in lacustrine,
sabkha and playa environments (Kopik, 1970; Senkowiczowa,
1970; Pawlowska, 1979; Deczkowski and Franczyk, 1988;
Gajewska et al., 1997; Fijatkowska-Mader, 2013). The com-
mon occurrence of clay-dominated Keuper deposits in an ex-
tended area suggests a flat palaeorelief. The Keuper con-
trasts with the uppermost Triassic sedimentary rocks of lacus-
trine/fluvial origin, referred to as the Wielichowo Beds, passing
upwards into the Zagaje Formation of Rhaetian and Hettan-
gian age (Pienkowski et al., 2014). The succession is repre-
sented by grey to greenish sandstones, conglomerates and
fine-grained deposits with coal interbeds (Kopik, 1970; Senko-
wiczowa, 1970; Pawtowska, 1979; Deczkowski, 1997). Due to
insufficient Late Triassic biostratigraphic data before the
1980s, informal lithostratigraphic units belonging to the “Keu-
per” were often mistakenly used as chronostratigraphic units,
while some chronostratigraphical units (i.e. Rhaetian) were
used in a facies context, which caused much confusion and
ambiguities in local stratigraphic terminology. Later, miospore
and megaspore palynological studies have allowed for the
elaboration of a biostratigraphical framework for the Upper Tri-
assic in Poland and more precise dating of a considerable por-
tion of the succession (Ortowska-Zwolinska, 1983; Marcinkie-
wicz and Orlowska-Zwolinska, 1985, 1994; Marcinkiewicz et
al., 2014; Krupnik et al., 2014). As a result, the “Keuper” is as-
signed a Late Ladinian—Early Rhaetian age, and the lower-
most part of the Zagaje Formation has been referred to a Late
Rhaetian age (Pienkowski et al., 2008; Pienkowski, 2009).

In the study area, the topmost part of the Upper Triassic
succession is generally represented by red coloured fine-
-grained deposits, which were inconsistently referred to the
Keuper (Fig. 2; Lewinski, 1912; Siemigtkowska, 1967; Haken-
berg, 1974) and, in a wrong meaning, to the “Rhaetian” facies
(Fig. 2; Jurkiewicz, 1974). The detailed chronostratigraphical
age of the succession is still not well-defined. The youngest
biostratigraphically dated rocks of the Triassic in the nearby
Brzegi IG 1 borehole are attributed to the miospore Corollina
meyeriana b zone, assigned to the Upper Norian (Fijatkowska-
-Mader, 2013).

To the south of the HCM Fold Belt, the Upper Triassic strata
are overlain with a pronounced disconformity by Middle Juras-
sic marine black mudstones, which was first noted by Lewinski
(1912) in a railway cutting-section, situated about 2 km to the
west of Wolica. Based on lithological similarities to the widely
distributed Ore-Bearing Czestochowa Clay Formation in south-
ern Poland (Kopik, 1998) and the recognized faunal assem-
blage, a Bathonian (Lewinski, 1912; Czarnocki, 1927; Sie-
migtkowska, 1967) or even Bajocian age (Szulczewski, 1967)
has been proposed for the unit. The Bathonian age was addi-
tionally supported by the finding of the ammonite Parkinsonia

sp. in the Wola Morawicka section, documenting the Parkinsoni
Zone or the lowermost part of the Zigzag Zone (Filonowicz,
1965), which allowed attribution of the base of these deposits to
the Lower Bathonian. Based on assemblages of dinoflagellate
cysts, Barski (1999) assigned the mudstones to the Lower and
lowermost Middle Bathonian (from the Zigzag Zone to the
Progracilis Zone). According to recent biostratigraphical data,
the time of the marine transgression in the study area is gener-
ally determined as Early Bathonian in age. However, locally the
black mudstones are underlain by laterally discontinuous sand-
stone lithosomes of undetermined age. In the Brzegi IG 1 bore-
hole (4 km to the west of Wolica), a 40 cm thick layer of green-
ish-grey sandstones occurring below the mudstones, was re-
ferred to the Rhaetian by Jurkiewicz (1974), but later a Bajocian
age was proposed by Fijatkowska-Mader (2013). Similar green-
ish-grey sandstones underlying the black claystone succession
in the Czestochowa area were described by Kopik (1998). Ac-
cording to his data supported by ammonite fauna, they were de-
posited during the latest Early Bajocian age.

Usually, Bathonian black mudstones are overlain by Callo-
vian gaizes and sandy limestones succeeded by an extensive
and thick succession of the Upper Jurassic carbonate platform
(Matyja, 1977). The Permian-Mesozoic succession is terminated
by thick (850 m) Albian-Maastrichtian sedimentary rocks (Cie-
Slinski and Pozaryski, 1970), lying with a pronounced discon-
formity on the Jurassic. The succession was folded and cut by
many faults during Alpine tectonic events (Kutek and Gtazek,
1972: Konon, 2007; Zelazniewicz et al., 2011) and unconform-
ably covered by Miocene strata (Radwanski, 1969, 1973).

MATERIAL AND METHODS

The artificial exposure studied was excavated in 2010 in the
rock walls of a quarry road, which cross-cuts the morphological
margin of a cuesta located to the south of the village of Wolica
(Fig. 3). The road section shows an Upper Triassic (Keuper) to
Oxfordian succession, homoclinally dipping to the south
(120/18S, dip measurements within 16-22S), structurally repre-
senting the southwestern limb of the Zbrza Anticline. The studied
interval of the Triassic and Jurassic section (11.5 m thick — see
Fig. 4) was tracked laterally over a distance of 200 m. Along the
strike, the boundary interval was studied in seven lithologically
correlated trenches (1.5-3.5 m thick — see Fig. 5). Lithological (li-
thology, colour, macrofossils) and sedimentological (grain size,
sedimentary structures, character of lithosome contacts) obser-
vations were linked with the results of geophysical surveys, per-
formed in order to reconstruct the 3D geometry of the lithosomes
occurring in the interval studied.

The lithofacies code applied iscompiled on the basis of the
Miall (1996) lithofacies code with its modification by Zielinski
(1998); additional symbols are also used for the fine-grained
deposits (see Table 1).

The electrical resistivity tomography method (ERT method)
was used to recognize the deep-seated geometry and the mu-
tual relationships of the lithosomes (see e.g., Baines et al.,
2002; Giocoli et al., 2008; Loke et al., 2013) observed in the
walls of the exposure. The assumptions and limitations of the
ERT method were described in detail by Kirsch (2009), Loke
(2012) and Loke et al. (2013).

The geophysical survey (4 profiles) was performed on an
area of 0.6 km? located to the west of the exposure (Fig. 3). The
first profile (A—A”), was performed parallel to the western wall of
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Fig. 2. Lithostratigraphy of the Upper Triassic, Lower and Middle Jurassic in the MHCM

*Kamienna Group — after Pienkowski, 2004, simplified; informal units** — after the Stratigraphic Chart of Poland 2008;
SnB*** — Snochowice Beds — after Koztowska, 2012

the exposure and is used to correlate the geophysical survey
with the lithology and the lithosome boundaries observed in the
exposure. Profiles B-B” and C—C” were located parallel to pro-
file A—A", 200 and 550 m to the west, respectively; and profile
D-D” was made perpendicular to the first three profiles (con-
necting profiles A-A” and B-B” along the cuesta).

The electrical resistivity survey was conducted using an
ABEM 4-channel Terrameter LS. The measurements were
taken with a system of 41 to 101 electrodes using the dipole-di-
pole and gradient configuration. Electrode spacing along the sur-
vey profiles was 5 m. The depth range obtained for medium re-
sistivity was from about 50 to 130 m below surface level for the
four surveys, depending on the profile length. The obtained hori-
zontal resolution was 5 m, whereas the vertical resolution was
1.5 min the upper part and 5 m in the lower part of the cross-sec-
tions depending on the assumed measurement system.

For the purposes of the biostratigraphical studies (based on
dinoflagellate cysts and terrestrial palynomorphs), 22 samples of
fresh, non-weathered rocks were collected across the interval
studied (see Figs. 4-11 for the “Keuper” and 11 for the overlying
rocks). The rock material was digested in 37% HCI and 40% HF
acidic solutions following the standard palynological preparation
technique (e.g., Poulsen et al., 1998). A residuum of about 50 g
per fine-grained rock and about 100 g per sandstone sample was
collected for the analysis using a 15 micrometre-diametre sieve
and condensed by heavy liquid (2 gicm®) separation. The pre-
pared slides revealed a few dinoflagellate cysts and terrestrial
palynomorphs, and so two or three slides per sample were exam-
ined. The palynological analyses of samples with high abun-
dances are based on total counts of 300 dinoflagellate cyst speci-
mens from each slide. Otherwise only qualitative data are pro-
vided. Microphotographs were taken using a Nikon Eclipse E-600
microscope equipped with phase contrast and a digital camera.
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Fig. 3. Location of the geophysical profiles in the Wolica area

LITHOFACIES AND SEDIMENTOLOGY

The studied succession is composed of 14 clastic litho-
facies (Table 1).

From the bottom to the top, the lithological succession (Fig.
5) includes several lithological units.

UNIT 1
(4.5 m of thickness visible)

Red-brownish, horizontally bedded mudstones (Mh) occur-
ring at the base of the succession (Fig. 5) are cut by red-brown-
ish fine-grained, horizontally laminated sandstones and
siltstones (Sh-Th), fining upwards and with spot occurrences of
plant detritus in the lower half. In the top, the siltstones are dis-
coloured and show a massive structure. The next sandstone
bed occurring above the erosive surfaces shows planar cross-
-bedding (Sp; Fig. 6; generally dipping towards the north-west).
The sandstones (also discoloured and fine-grained in the top;
Ch) are overlain by red-brownish, horizontal and laminated
mudstones (Mh) with discoloured, discontinuous laminae and
mottled parts with a massive structure [Mm(b)].

UNIT 2a
(0.4-0.7 m thick)

The bottom part of Unit 2a is a discontinuous bed (cut by
Unit 2b) of yellowish-green mudstones with horizontal lamina-
tion (muddy shales; Mh). The bed is lithologically similar to the
top part of Unit 1, however, of identical colour as Unit 2b. The
base of Unit 2a is very sharp and continuously flat, which sug-
gests its independence from Unit 1.

UNIT 2b
(1.7 to 3.5 m; reconstructed maximum
thickness in excess of 3.5 m in the
central part of the lithosome)

The unit disconformably cuts units 1 and 2a and shows a
distinct lens-shaped geometry. The basal part of the lithosome
limited to its axial part is composed of yellowish-green, massive,
medium-grained sandstones (Sm; Fig. 6C). The succeeding
beds are composed of fine-grained, clayey and medium to
coarse, well-sorted sandstones. The beds show internal lateral
facies changes with coarser and better sorted material in the
axial part and finer, silty material on the flanks (Sp-Tr; Fig. 6D).
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Table 1
Description of lithofacies
Lithology and sedimentary structures Colour Content of fossils Contact L|tggge;qes
Clays
Horizontal lamination light green (probably discoloured) [ — G Ch
Mudstones
. : reddish-brown; discoloured and
tl\)/llggﬁlv?e)s(gjl#gture, partially destroyed, discontinuous layers or mottled - N Mm(b)
Yy parts of beds
: : P reddish-brown
Horizontal to sub-horizontal lamination or yellowish-green - N Mh
Sub-horizontal lamination; partially sandy;
very fine muscovite accumulations dark grey B N MSsh
Horizontal lamination; horizon of carbonate rare crushed ammonites
concretions with stromatolitic structures is dark gre and belemnites; algal mats, N MSh
observed in the lowermost part; occurrence arey serpulides, shells
of sandy laminae of Trigonia sp.
Horizontal lamination, sandy lenses ;
with trough cross-bedding Yy yellowish-grey and grey — G Mh(St)
Siltstones and very fine-grained sandstones
Massive structure reddish-brown - E Tm
: : reddish-brown; spot occurrence of plant
Horizontal bedding partially discoloured remains in topmost part G Th
Sub-horizontal to horizontal bedding yellowish-green N Tsh(h)
Ripple cross-bedding, small scale yellowish-green or grey — G Tr
Sandstones
g/lae:]sdssntloensétéucture; medium-grained yellowish-green _ E Sm
SHaor:azgtgtnaésbeddmg; fine- to medium-grained | o q4ish-prown or yellowish-green - N Sh
Plaraar cross-bedding; medifum-”grai_nﬁd
sandstones; topmost part of yellowish-green : b _
sandstones is strongly cemented and light red or yellowish-green E Sp
contains very fine calcite bioclasts (HCI+)
SRéﬂgl;g;%sss-beddmg; fine-grained yellowish-green _ N Sr

* Lithology: C — clays, M — mudstones, T — siltstones and very fine-grained sandstones, S — fine- and medium-grained sandstones, MS — sandy
mudstones; sedimentary structures: m — massive structure, b — blocky texture, p — planar cross-bedding, r —ripple cross-bedding, sh — sub-hor-
izontal lamination, h — horizontal lamination/bedding; contact of lithofacies with underlying deposits: N — normal, G — gradual, E — erosional

This pattern is underlined by a massive structure or a larger
scale of the cross-bedding in the coarser-grained material. The
observed cross-bedded laminae consistently dip generally to-
wards the south. The middle part of Unit 2b is dominated by silt-
stones and very fine-grained sandstones, generally with sub-
-horizontal and horizontal bedding [Tsh(h)], laterally passing
into horizontally bedded sandstones (Sh). The uppermost part
of the unit is composed of a sandstone set with planar cross-
-bedding (Sp) intercalated with siltstones with sub-horizontal
bedding [Tsh(h)]. The top bed contains very fine detritus of cal-
cite bioclasts and is overlain by horizontally laminated mud-
stones with small scale cross-bedded sandy lenses [Mh(St)].

UNIT 3
(in excess of 4.5 m thick)

This unit of black to dark grey mudstones with fully marine
fossils contains in its basal part a horizon of ferruginous-carbon-
ate concretions overlying mudstones or sandstones. The disco-
idal concretions are coated by algal mats, colonized by serpulids
and single bivalves attached to the surface (Trigonia sp.). The
concretions occur in 20 cm thick horizons of a mixed muddy-

-sandy matrix with crinoids and very fine detritus of bivalve shells
(MSh with Ihorizon of carbonate concretions; see Fig. 5).

Above the lhorizon of carbonate concretions black/dark
grey muddy shales were noted, horizontally and sub-horizon-
tally laminated, with belemnites and rare, small and crushed
fragments of ammonites. They pass gradationally into grey,
sandy mudstones with sub-horizontal bedding and very rare,
small scale ripple cross-lamination (MSsh). Muscovite accumu-
lations and very fine detritus of calcite bioclasts were observed
on the surfaces of the laminae.

The topmost 2 m of Unit 3 are poorly exposed in the expo-
sure. Unit 3 is overlain by Callovian to Lower Oxfordian gaizes
(16 m thick), described in detail by Siemigtkowska-Gizejewska
(1974) and Matyja (1977), and succeeded by Oxfordian lime-
stones with a visible thickness of a few metres.

GEOPHYSICAL STUDIES

Direct correlation of profile A—A” with the exposure wall sec-
tion, combined with large resistivity contrasts between the rocks
forming the Triassic-Jurassic succession in Wolica, allow for the
recognition of lithological units on the geophysical profiles.
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Fig. 6. Lithofacies: A — sandstones with planar cross-bedding on the erosive surface; below siltstones with hori-
zontal bedding (Th); B — below the erosive surface are visible green, massive siltstones (Tm); C — lower part of Unit
2b — massive sandstones cut by sandstones with planar cross-bedding and overlain by massive sandstones; D —
upper part of Unit 2b — siltstones with ripple cross-bedding overlain by sandstones with planar cross-bedding

For other explanations see Table 1

The fine-grained clastics of units 1-3 are characterized by
low resistivity (10-50 Qm) and are visible on profiles A-A",
B-B” and C-C” in blue and deep blue colours (Figs. 7-9). The
sandstone lithosomes present in this interval contrast strongly
with the background in their high resistivity (200—400 Qm) and
are marked on the profiles by red/violet colours (Figs. 7-9).
The sandstone lithosomes have irregular thicknesses with a
lens-shaped geometry and occur at several levels of the suc-
cession (marked as a—f sandy bedforms on the geophysical
profiles; Figs. 8 and 9). Based on the geometrical correlation
between the exposure wall and the geophysical profiles,
lithosomes a—d are assigned to Unit 1, whereas lithosomes
e—f are correlated with the sandstone bodies of Unit 2b. The
uppermost high resistivity bodies visible on profile B-B” (Fig.
9) are probably located in the basal part of Unit 3. Gaizes and
limestones covering Unit 3 are visible as variable, often irregu-
lar resistivity distribution in the range of 50 to 400 @m. This
pattern is probably related to the distribution of karstic pro-
cesses in the carbonate rocks.

DINOFLAGELLATE CYST ASSEMBLAGES
AND AGE INTERPRETATION

A comprehensive palynological study throughout the suc-
cession described provides a new stratigraphical interpretation
of the sandstones of Unit 2b and refined stratigraphical data for

the black mudstone deposits of Unit 3. Sandy deposits of Unit
2b are characterized by scarce recovery and advanced me-
chanical destruction of the microfossils. The black mudstone
succession of Unit 3 is highly fossiliferous and includes
well-preserved marine palynomorphs. The dominant compo-
nents of the samples are organic dinoflagellate cysts, terrestrial
palynomorphs and other land-derived particles with black
inertinite and brown wood predominating. Palynological analy-
ses revealed a few dinoflagellate cysts and terrestrial palyno-
morphs per slide, therefore two or three slides per sample were
finally examined.

The stratigraphic ranges of the key dinoflagellate cysts used
in the biostratigraphical analysis are based on the synthetic
works of Riding and Thomas (1992) and Poulsen and Riding
(2003) and on selected papers (Woollam and Riding, 1983;
Prauss, 1989; Feist-Burkhardt, 1994; Stover et al., 1996). The
results of the palynological analyses are shown in the range
chart (Fig. 10 and Table 2). The age assignment of the samples
studied is summarized in Figure 10. Selected marine and ter-
restrial taxa are photographically documented on the plates
(Figs. 11-14).

Samples W1-W3 were collected from pure sandstones
(Sp/sSh) of Unit 2b. The low number of the specimens made
counting impractical, therefore only qualitative results are pre-
sented. All samples yielded dinoflagellate cysts and a few ter-
restrial palynomorphs (Table 2). Remains of Ctenidodinium
spp. are the predominant component of all samples, although
complete specimens are rare. Beside Ctenidodinium spp. and a
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few Sentusidinium spp., single specimens of Endoscrinium
asymmetricum and Pareodinia ceratophora occur, along
with the terrestrially-derived miospores Callialasporites tur-
batus, Cerebropollenites thierghartii and Uvaesporites sp.

The topmost sample (W4) from the fine-grained sand-
stones/siltstones with a muddy admixture characterizes a
more diversified and better preserved dinoflagellate cyst as-
semblage with a significant contribution of age-diagnostic
taxa. The number of marine microplankton is reduced com-
pared to other organic matter. The latter is dominantly com-
posed of pale grey and light to dark brown, rounded amor-
phous organic matter and few elongated inertinite particles.
A high abundance of green algae, Botryococcus sp., is no-
ticeable.

The age assignment of the samples from this interval is
based on age-diagnostic taxa according to Riding and
Thomas (1992) and Poulsen and Riding (2003). They in-
clude Ctenidodinium combazii, Aldorfia aldorfensis, Sentu-
sidinium spp., Dichadogonyalux selwoodii and Lithodinia
valensii. The first appearance of Ctenidodinium combazii
and Sentusidinium spp. in the lowermost sample (W1) indi-
cates an age no older than the Late Bajocian Garantiana
Zone. The top of this interval is marked by the last occur-
rence of Lithodinia valensii within the topmost sample (W4)
which ranges no younger than the upper boundary of the
Bathonian Zigzag Zone.

Samples W5-W?7 are located within the black mudstones
series of units 2b and 3. Samples W5 and W7 were collected
from horizontally laminated mudstones (MSh) and sample
W6 comes from carbonate concretions encrusted by micro-
bial mats. Samples W5 and W6 yielded very impoverished
palynofloras. The dominant organic matter comprises brown
and black woody particles. Organic-walled dinoflagellate
cysts are scarce, represented by specimens of Ctenido-
dinium spp. and Sentusidinium spp. However, within the im-
poverished assemblages a few damaged specimens of
Ctenidodinium cornigera and C. combazii were found.

In turn, sample W7 yielded a rich and diverse palyno-
logical assemblage. The dinoflagellate cyst association is
dominated by Ctenidodinium spp. and cysts characterized
by apical archeopyles, including Sentusidinium spp. and
Kallosphaeridium sp. Moreover, terrestrial palynomorphs
are more diverse than in the previous assemblages. They
are represented by bisaccate pollen grains, spores and
pollen, brown and black wood and phytoclasts. Addition-
ally, the sample yielded scarce cuticle and prasino-
phycean algae.

The dinoflagellate cyst assemblages from this interval
indicate the Zigzag Zone of Early Bathonian age. This age
assignment is based on the first appearance of Ctenido-
dinium cornigera confined to the lower boundary of this
zone and the last occurrence of Lithodinia valensii. The ex-
tinction of the latter species is assumed to mark the end of
the Zigzag Zone according to Riding and Thomas (1992).
Nevertheless, it must be mentioned that both taxa co-occur
only in sample W7, therefore this constrains the age assign-
ment of the underlying samples (W5 and W6), which yielded
only Ctenidodinium cornigera. This interval, however, can
be slightly wider according to the data provided by Poulsen
(1998), since he postulated the FAD of Ctenidodinium
cornigera at the base of the latest Bajocian Bomfordi
Subzone. He also noted an earlier extinction of Lithodinia
valensii occurring at the base of the Bomfordi Subzone. Ac-
cording to this study, all samples below sample W7 are
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probably not younger than the Bromfordi Subzone. This inter-
pretation, however, must be regarded as tentative due to re-
stricted data availability.

Sample W8 was collected from the middle part of the black
mudstones succession. The palynological content of this sample
is relatively rich and taxonomically moderately diverse. The con-
sistent dominance of Ctenidodinium spp., Aldorfia spp. and
Sentusidinium spp. is typical of the Bathonian. Moreover, a
higher abundance of Nannoceratopsis spp. was observed. The
recovery of terrestrial palynomorphs is again very rich. A few
specimens of Botryococcus sp. and cuticle fragments were ob-
served.

The sample is assigned to the Tenuiplicatus Zone due to the
presence of two key species Atopodinium polygonale and Atopo-

dinium prostatum. Riding and Thomas (1992) correlate the FAD
of Atopodinium prostatum and the LOD of Atopodinium poly-
gonale with the lower and upper boundary of the Tenuiplicatus
Zone, respectively. The LOD of the latter species is correlated by
Poulsen (1998) with the upper boundary of the Progracilis Zone,
therefore an expanded interval can also be considered.
Samples W9 and W10 come from the topmost part of the
black mudstones succession available for study. Both samples
are taxonomically most diverse, however, they reveal an evident
predominance of Ctenidodinium spp. The terrestrial components
of the samples are also abundant and well-preserved. This ob-
servation refers especially to the topmost sample W10, which is
dominated by large terrestrial particles including cuticle, and
brown and black wood. Large amounts of wood are unbroken,
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Fig. 11. Selected palynomorphs from Wolica section
(50 micrometres scale bar)

A — Pareodinia ceratophora Deflandre, 1947, sample W7; B — Tubotuberella apatela (Cookson
and Eisenack, 1960) loannides et al., 1977, sample W9; C — Endoscrinium asymmetricum Riding,
1987, sample W10; D — Atopodinium polygonale (Beju, 1983) Masure, 1991, sample W9; E —
Eodinia poulsenii Barski, 2002, sample W5; F — Nannoceratopsis spiculata Stover, 1966, sample
W?7; G — Surculosphaeridium? vestitum (Deflandre, 1939) Davey et al., 1966, sample W10; H —
Meiourogonyaulax caytonensis (Sarjeant, 1959) Sarjeant, 1969, sample W4; | — Callialasporites

dampieri (Balme, 1957) Dev 1961, sample W8

lath- and needle-shaped. Some subsidiary land-derived particles
have also been encountered. They include cortex, resin and a
remarkable amount of spores and pollen grains.

According to the key dinoflagellate cysts, the age of sam-
ples W9 and W10 is attributed to the Tenuiplicatus-Progracilis
zones interval. Itis based on the FAD of Atopodinium prostatum
and the LOD of Carpathodinium predae (Riding and Thomas,
1992) limiting this time interval.

DEVELOPMENT OF SEDIMENTATION

UNIT 1

The red/mottled colours of Unit 1 (?Upper Norian) suggest
deposition in continental environments and semi-arid or arid cli-
mate conditions.

The finer-grained sedimentary rocks of Unit 1 may be re-
ferred to aquatic conditions with a low energy of hydraulic trans-
port or deposition from suspension. Horizontally laminated
mudstones (Mh) and the overlying, laterally continuous, fin-
ing-upwards sandy-silty deposits with rare plant detritus, mainly

with horizontal bedding (Tm-Sh-Th-Tm succession), probably
represent proximal floodplain deposits and sheet-flow deposits.
They were formed when flow occurred during flood stages on
the floodplain area. Similar, fine-grained, laminated silty-muddy
deposits are usually interpreted as a floodplain succession by
many authors (Miall, 1996; Love and Williams, 2000). Upper
Permian, horizontally laminated red mudstones cropping out in
the Vyazovka Ravine in the Ural Mts., similar to lithofacies Mh
presented herein, were interpreted by Newell et al. (1999) as
the effect of suspended sediment deposition from shallow
floodwaters on the proximal parts of floodplains.

The presence of cross- and horizontal-bedded, coarser-
-grained sandy-silty deposits of Unit 1 indicates hydraulic trans-
port. Based on the relations and geometry of the lithosomes,
observed in the exposure and revealed by the geophysical sur-
vey (see Figs. 9 and 10), the sandstone bodies are interpreted
as fluvial channel-fills incising proximal floodplain sediments
(compare with e.g., Miall, 1996). Similar, cross- and horizon-
tal-bedded sandy-silty deposits a few metres thick scattered
among the red, laminated mudstones succession from the Up-
per Triassic red clastic succession of southwestern Germany
are interpreted as channel-fills and lateral accretionary bed-
forms by Hornung and Aigner (1999). Newell et al. (1999) have
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Fig. 12. Selected palynomorphs from Wolica section
(50 micrometres scale bar)

A — Ctenidodinium cornigerum (Valensi, 1953) Jan du Chéne et al., 1985, sample W7; B —
Classopolis sp. (tetrad), sample W5; C — Rhynchodiniopsis? regalis (Gocht, 1970) Jan du Chéne
et al., 1985, sample W4, D — Callialasporites trilobatus (Balme 1957) Dev 1961, sample W7; E —
Impletosphaeridium ehrenbergii (Deflandre, 1947) Islam, 1993, sample W9; F — Lithodinia
valensii (Sarjeant, 1966) Gocht, 1976, sample W7; G — Atopodinium prostatum (Drugg, 1978)
Masure, 1991, sample W9; H — Epiplosphaera gochtii (Fensome, 1979) Brenner, 1988, sample

W4; | — Durotrigia sp., sample W7

interpreted sandy lenses in red mudstones successions as
channel-fills of a distributary stream system, developed on
mudflats on an alluvial plain. The cross-bedded sandstones
(Sp; Fig. 6B) were probably formed during lateral accretion of
point bars. The light green clays at the top of lithofacies Sp doc-
ument weathering processes on the emergent point bar surface
after channel avulsion. The uppermost, red, partially discol-
oured mudstone succession [Mm(b)-Mh] of Unit 1 were formed
on a floodplain.

The characteristic irregular, mottled part of the rocks and
the blocky texture of the mudstones are the main indicators of
weathering processes and seasonal wetting and drying events.
Increase in groundwater level during floods could have turned
the flat floodplain even into a temporary lake. During the drying
events, the red muddy deposits shrunk and a blocky texture
was formed. These processes are frequently described from
continental red beds (Newell et al., 1999; Love and Williams,
2000). The hot, semi-arid and arid conditions of sedimentation
were suggested also by Fijatkowska-Mader (2013, 2015) for
similar Upper Triassic red clastic successions in the Brzegi IG 1
borehole based on palynomorph spectra.

The spatial arrangement of the sandy channels within Unit 1
showing the lateral range of the depositional zone, depth of ero-

sion, and channel avulsion (see sandy bedforms a, b, cand d in
Figs. 9 and 10) is well-visible on the ERT profiles. Modern chan-
nel systems and the effect of avulsion processes in clastic, es-
pecially fluvial/alluvial environments have been commonly suc-
cessfully detected by the application of ERT methods (Baines et
al., 2002; Giocaoli et al., 2008; Loke et al., 2013; Kasprzak and
Traczyk, 2014). The particular sandy bedforms are over 20 m
thick and generally less than 50 m wide. The orientation of the
palaeovalley axis is close to WNW, generally similarly to the
NW dip of the planar cross-bedded sandy sets; hence the local
palaeoflow of rivers was to the north-west.

UNIT 2a

The rapid horizontal colour change between Unit 1 and the
40 cm thick, yellowish-green mudstones of Unit 2a suggests a
radical change of the sedimentary regime. The mudstones rep-
resent suspension-laid deposits of unknown age, formed during
the Late Norian to the late Bajocian interval time. It is possible
that the bed represents an early stage of the Bajocian-
-Bathonian transgression, however, its origin via an independ-
ent sedimentary episode cannot be excluded.
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Fig. 13. Selected palynomorphs from Wolica section
(50 micrometres scale bar)

A — Korystocysta gochtii (Sarjeant, 1976) Woollam, 1983, sample W10; B — Cerebropollenites
mesozoicus (Couper) Nilsson 1968, sample W8; C — Lycopodiumsporites sp. sample W9; D —
Uvaesporites sp., sample W2; E — Todisporites sp., sample W9; F — Kalyptea stegasta (Sarjeant,
1961) Wiggins, 1975, sample W9; G — Dichadogonyaulax sellwoodii Sarjeant, 1975, sample 4; H—
Callialasporites turbatus (Balme) Schulz, 1967, sample W3; | — Callialasporites microvelatus

Schulz, 1966, sample W7

UNIT 2b
(?Upper Bajocian—Lower Bathonian)

The pronounced erosive surface below Unit 2b and its dis-
tinct lithofacies content suggests a distinctive sedimentary
event responsible for the formation of the succession. The
shape of the bottom surface is consistent with a relatively flat
palaeovalley. Geophysical data indicates the uniqueness of the
form visible in the exposure, without any counterparts in the
area studied (0.6 km?).

Sandy-silty lithofacies with planar cross- to horizontal-bed-
ding (Sp and Sh) are the effect of hydraulic, channelized and
preferentially unidirectional transport of the sandy material to
the south. The facies resemble fluvial channel-fills in deltaic en-
vironments with a rising level of the erosive base — such as
cross-bedded sandstone facies, known from the Holocene
deltaic successions of the Mississippi (Penland et al., 1988).
Similar facies assemblages are also typical of channel-fills,
formed in the inner, landward part of estuaries, where river pro-
cesses dominate (e.g., Leckie and Singh, 1991). The latter op-
tion may be supported by the increase of marine influence ob-
served towards the top of the section, confirmed by the occur-

rence of characteristic, freshwater algae — Botryococcus sp.
(see Guy-Ohlson, 1992) and terrestrial components such as
Callialasporites turbatus, Cerebropollenites thiergarti and
Uvaesporites sp. with an increasing admixture of marine plank-
ton (dinoflagellates). The horizontally or sub-horizontally-bed-
ded siltstones and very fine grained sandstones [Tsh(h)], pres-
ent in the upper part of the lithosome, may be assigned to
estuarine mouth bars, probably re-distributed by wave agitation.
The topmost part of the unit composed of yellowish-grey
mudstones with small-scale, trough cross-bedded sandy lenses
[Mh(St)] is interpreted as an outer estuarine zone or prodelta
mud deposits formed during successive pulses of transgres-
sion and sea level rise.

The generally fining-upward trend of Unit 2b represents
transgressive deposits infilling a minor palaeovalley by a suc-
cession deposited in river-mouth conditions. The main trigger of
the deposition was probably a rise of the erosive base, which al-
lowed rapid aggradation of the sediment pile. However, the ob-
served sedimentary record indicates that the rate of sea level
rise clearly surpassed the delivery of the clastic material by the
river (see Dalrymple and Choi, 2007), hence indicating the
small scale of the river. This type of estuarine-like environment
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Fig. 14. Selected palynomorphs from Wolica section

A — Nannoceratopsis gracilis Alberti, 1961, sample W8; B — Meiourogonyaulax cristulata
(Sarjeant, 1959) Sarjeant, 1969, sample W9; C — Ctenidodinium cornigerum (Valensi, 1953) Jan
du Chéne et al., 1985, sample W7; D — Ctenidodinium continuum Gocht, 1970, sample W8; E —
Atopodinium prostatum (Beju, 1983) Masure, 1991, sample W10; F — Dissiliodinium willei Bailey
and Partington, 1991, sample W7; G — Carpathodinium predae (Beju, 1971) Drugg, 1978, sample
W10; H — Kallosphaeridium praussii Lentin and Williams, 1993, sample W8; | — Aldorfia aldorfensis
(Gocht, 1970b) Stover and Evitt, 1978, sample W7

may be dominated by riverine processes, hence sedimentary
structures and ichnofossils typical of tides (e.g., herringbone
stratification) may be absent (Roswsetti and Netto, 2006; Dal-
rymple and Choi, 2007). The timing of the Middle Jurassic
transgression in the Wolica area, based on the biostratigra-
phical data provided, may be estimated at the Bajocian-
-Bathonian transition.

UNIT 3
(Lower Bathonian—lowermost Middle Bathonian)

This unit was formed in open marine conditions probably
during further sea level rise. The sedimentary features are typ-
ical of the mudstone lithofacies of the Upper Bajocian-
-Bathonian Ore-Bearing Czestochowa Clay Formation, de-
scribed in detail from the southernmost part of the Polish Ba-
sin (Leonowicz, 2013). According to the model, mudstones
with indistinct parallel lamination of this formation may be in-
terpreted as deposited from suspension in the marginal part of
a shallow epicontinental sea, below storm wave base. Supply

of very fine detritus of calcite shells, muscovite and silty-sandy
quartz grains in the upper part of Unit 3 was probably associ-
ated with seaward migration of the prodelta or, as in the
Czestochowa area, with deposition from fine-grained suspen-
sion currents and current reworking of sea-floor sediments
during storm episodes. The occurrence of a horizon of
ferruginous, carbonate concretions with coatings of algal mats
and encrustations of bivalves and Trigonia sp. in the bottom
part of Unit 3 suggest shallow marine, periodically high-en-
ergy, littoral sedimentary conditions. Similar concretions of
oncolite-type were reported by Siemigtkowska-Gizejewska
(1970) from the Bathonian mudstone succession cropping out
in the railway cutting near Wolica, and by Szulczewski (1967)
from the Bathonian deposits in the Wola Morawicka section.
Szulczewski (1967) interpreted these as stromatolitic struc-
tures formed in shallow marine, probably littoral conditions.
A high content of iron compounds could have resulted from the
decay of organic matter transported by the river to the marine
embayment. Additional bio-encrustations enhance their re-
semblance to hiatus concretions from the Middle Jurassic
Ore-Bearing Czestochowa Clay Formation from the southern-
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Table 2

Distribution of dinoflagellate cysts and other palynomorphs in Wolica section

Sample W1 | W9 |W8|W7|W6|W5| W4 |W3|W2|wl
Adnatosphaeridium caulleryi 12
Aldorfia aldorfensis 20 | 36 27
Atopodinium polygonale 8
Atopodinium prostatum 10 | 4
Atopodinium sp. 3 5
Botryccocus sp. X XXX
Callialasporites microvelatus X X X X X X
Callialasporites trilobatus X X
Callialasporites turbatus X X X X X X
Carpathodinium predae 12 | 9
Cerebropollenites macroverrucosus X X
Cerebropollenites mesozoicus X X | X
Cerebropollenites thiergharti X X X X
Classopolis sp. X X
Ctenidodinium combazii 133 |115|119| 99 | 20 | 12 | 104 | 11 | 8 | 15
Ctenidodinium cornigerum 23 |34 |19 |41 | 3 5
Ctenidodinium continuum 11 | 5 | 21 25
Ctenidodinium sp. 1 7 5
Dichadogonyalux selwoodii 3 12 | 7 23 4
Dissiliodinium wiilei 4 2 7 8 5
Durotrigia sp. 6 3 9 | 12
Ellipsoidictyum cinctum 2 1
Endoscrinium asymmetricum 3 6 7 2 1
Eodinia poulsenii 11 8 8 | 17 4
Epiplosphaera gochtii 5 12 19 2
Escharisphaeridia granulata 6 7 4
Gonyaulacysta jurassica adecta 5
Implethospgaeridium ehrenbergii 2 6
Ischyosporites variegates X
Kallosphaeridium praussi 6 7 3 6 11
Kalyptea stegasta 2 10 | 3 4
Korystocysta gochtii 17 | 12 | 15 | 12 15
Korystocysta pachyderma 4 7 3
Leptolepidites major X X
Lithodinia valensii 6 2
Lycopodiumsporites sp. X
Meiourogonyaulax caytonensis 4 5
Meiourogonyaulax cristulata 1 2
Nannoceratopsis gracilis 15 6
Nannoceratopsis spiculata 7 21 22
Pareodinia ceratophora 23 | 14 | 12 | 19 5 | 23 3 2
Rhynchodiniopsis regalis 6 8 6
Sentusidinium sp. 9 4 4 | 14 12 2 1 3
Surculosphaeridium? vestitum 3 5
Todisporites sp. X | X
Tubotuberella apatela 3 5
Uvaesporites sp. X X X

X — present, XXX — abundant

most part of the Polish Middle Jurassic basin. Zaton et al.
(2011) have postulated that the Bathonian concretions were
formed by early diagenetic processes just below the sedi-
ment-water interface during low sedimentation rate episodes.
They were repeatedly exhumed, overturned and moved on the
sea floor probably due to episodic storm-related bottom cur-

rents in shallow sub-tidal environments. The carbonate con-
cretions in the Wolica section were probably formed in similar
conditions. The algal coatings, fragments of bryozoans, bi-
valve shells and single borings on their surfaces record epi-
sodes of high-energy conditions in marine environments with a
generally low energy and low sedimentation rate.
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CONCLUSIONS

The topmost part of the Upper Triassic succession in the
Wolica section differs from the underlying rocks in the presence
of a considerable proportion of fluvial deposits. The fluvial sys-
tem was linked with the infilling of channels with an almost latitu-
dinal strike. The dip of the cross-bedding indicates the domi-
nance of northwestern transport directions in the Late Triassic.
This sedimentary pattern change suggests the decrease of ac-
commodation space continuing into the uppermost part of the
Triassic succession, which contains numerous weathering sur-
faces and probably significant depositional breaks. In the context
of the history of the local basin, the observed evolution, from an
active depocentre towards an area with active erosion, may be
interpreted as caused by tectonic uplift of the Wolica area in rela-
tion to the basin axis located to the north. Rising palaeorelief
across the Triassic-Jurassic transition and tectonic activation is
documented by the presence of the Snochowice Beds and their
thickness/facies pattern of alluvial fan origin. Their accumulation
was associated directly with the tectonic activity of the basement
during Late Triassic-Early Jurassic times (Pienkowski, 2004;
Branski, 2004; Koztowska, 2012). Tectonic movements were
also reported by other authors (e.g., Jurkiewiczowa, 1967;
Deczkowski and Franczyk, 1988) based on the variable depth of
Late Triassic—Early Jurassic erosion in different parts of the
western MHCM.

Waning deposition documented by numerous weathering
surfaces in the top of the Upper Triassic strata in the section
studied indicates the lack of continuity of deposition in the Late
Norian and Rhaetian. Based on the observed succession of fa-
cies, the Late Norian—Rhaetian sedimentation in the southern
MHCM was limited only to low ground (as documented by
Pawtowska, 1979), especially in palaeovalleys.

The red Upper Triassic deposits in the succession studied
are overlain by a yellowish-green mudstone succession of un-
known age (Unit 2a). The occurrence of this unit above the Up-
per Triassic mudstone succession with numerous weathered
surfaces suggests that the rocks may represent a relic of an
independent, transgressive sedimentary event, which must
have occurred after the Late Triassic sedimentation cycle.
They can represent any of the transgressive events between
the late Norian and Late Bajocian. One of the possible events
may have been the late Early Jurassic marine incursion (Early
Pliensbachian or Early Toarcian) described by Pienkowski
(2004), or an Early Bajocian transgression pulse, widely re-
corded in the Czestochowa region as the Koscieliskie Beds
(Kopik, 1998); however, future biostratigraphical studies of
this rock interval are required to resolve this issue.

The main Middle Jurassic transgressive event above the
stratigraphic gap is dated at the Bajocian-Bathonian transition
(Unit 2b). A delayed marine incursion in relation to adjacent ar-
eas, where the transgression took place in the Early Bajocian or
even Aalenian (Krakéw-Wielun region, Nida Trough and north

of the MHCM), suggest that the study area represents an
intrabasinal elevation, which may have had an island character
during the beginning of marine flooding. The transport direc-
tions recorded in the fluvial-marginal marine sandy unit at
Wolica indicate that the elevation was located to the north of the
present lateral extent of Jurassic rocks — at present the area of
the HCM Fold Belt.

The upper part of sandy Unit 2b contains fresh-water algal
fossils, which indicate the evolution of the sedimentary environ-
ment towards a marginal marine environment. The Middle Ju-
rassic sea transgressed on to a relatively flat land locally from
the south, however, probably cut by minor fluvial valleys, possi-
bly with a local NNW-SSE strike. The oldest transgressive de-
posits are associated with the rise of the erosive base that re-
sulted in sedimentary fills of the palaeovalleys, evolving from
riverine to marginal marine, probably estuarine sedimentary en-
vironments, formed in the mouths of the palaeovalleys.

Further progress of transgression on a flat/low-relief land
caused its overall flooding, which may have caused significant
starvation of the local basin, recorded as a distinct gap repre-
sented by the hiatus bed with carbonate concretions. In the
case of synchronous flooding of the local hinterland, this hiatus
horizon may have a potential for local correlation.

The sandstone lithosomes in the basal part of the succession
that were recently exposed in Wolica are similar to the
Koscieliskie Beds, known from another part of the Polish Basin,
the Czestochowa region (Kopik, 1998). Siliciclastic deposits of
Lower Bajocian age underlie the Ore-Bearing Czestochowa Clay
Formation and document the beginning of the Middle Jurassic
transgression in the southernmost part of the Polish Basin.

The diachronous Middle Jurassic transgression is also dis-
cernible by means of dinoflagellate cysts. More diverse and
prolific assemblages are observed as the section is as-
cended, with increasing dominance of Ctenidodinium spp. es-
pecially C. combazii. High abundances of this genus and spe-
cies, according to Fenton and Fisher (1978), characterize
Tethyan realm assemblages. They noted northward migration
of this species during the Bathonian transgressive phase in
NW Europe. High frequencies of Ctenidodinium combazii in
the uppermost samples may also reflect marine connections
between the study area and the Tethyan Ocean at this time.
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