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Abstract: The present account summarizes the results of lithological and facies analysis of representative sections
of the Godula Formation, in order to contribute to the understanding of the lithofacies structure of this formation,
the processes involved in its development and the character of the depositional environment. The sedimentology
of different parts of the Godula Formation was investigated in six representative sections in the western and cen-
tral parts of the Moravskoslezské Beskydy Mts. The Godula Formation is made up mainly of Upper Cretaceous
siliciclastic turbidites and was formed during the most significant depositional phase of the filling of the deep-sea
Silesian Basin. On the basis of sedimentological research, five facies classes (including four subclasses) were
defined: 1) conglomeratic sandstones, 2) sandstones, 3) sandstones with mudstones, 4) mudstones with sandstones
and siltstones, and 5) mudstones with siltstones. The methodology of facies analysis allowed the identification of
several facies association, corresponding to the medial and distal parts of a turbidite fan and associated siliciclastic
apron. The facies of depositional lobes, lobe transitions and the apron are described. The sandstone and mudstone
facies (F3) occurs mostly in the depositional lobes. The sandstone facies (F2) and mudstone with sandstone and
siltstone facies (F4) are present only to a lesser degree. The facies of the lobe transitions include lithologic asso-
ciations of the lobe fringe and channel levee environments. They comprise mainly the mudstones with sandstones
and siltstones (F4) and the mudstone with siltstone facies (F5). In the apron deposits, the sandstone facies (F2)
and the conglomeratic sandstone facies (F1) predominate. Palacocurrent analysis from measurements made in
selected profiles showed that in the Moravskoslezské Beskydy Mts., the dominant direction of sediment transport
was from SW to NE. After applying correction of the known counterclockwise rotation of the nappes of the Outer
Carpathians, this corresponds to a longitudinal direction along the original axis of the basin.
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INTRODUCTION

doi: https://doi.org/10.14241/asgp.2021.14

In deep-sea basins, it is usually possible to distinguish
the facies zones of the continental slope, deep-sea fans and
the abyssal plain. In flysch sedimentation, the most signif-
icant depositional systems are single-point, deep-sea fans
with distinctive channels and lobes, ramps, and aprons of
rubble (Reading and Richards, 1994; Shanmugam, 2006).
The development of facies analysis of the flysch be-
gan in the 1970s. The model of the recent submarine fan
(Normark, 1970, 1978) was transformed for application
to ancient sediments, in which the inner, middle and outer
parts of a fan were distinguished (Mutti and Ricci Lucchi,
1972). This concept — with minor modifications — is still in
use (e.g., Ricci Lucchi, 1975; Walker, 1978; ; Shanmugam

and Maiola, 1988; Reading and Richards, 1994; Stomka,
1995; Stow et al, 1998; Shanmugam, 2006). Recognition of
the characteristics of the deposits and individual facies and
their associations is important for the determination of the
mechanisms and conditions of deposition. Sedimentation
was controlled by several factors, including eustatic sea-lev-
el changes, through tectonic activity, and the characteristics
of the source of the clastic material (e.g., Pickering et al.,
1989; Bouma, 2000). Classification schemes for deep-sea
facies are based on their individual, descriptive features
(Pickering et al., 1986; Ghibaudo, 1992).

Deep-sea, depositional environments are not limited to tur-
bidite systems. They also include other depositional systems,
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where gravity sedimentary processes play a larger or dom-
inant role, for example, slope-apron depositional systems
(e.g., Stomka, 1995; Shanmugam, 1996; Strzebonski, 2015).

The Godula Formation (Mencik et al, 1983; Elias,
1999; Bubik et al., 2008), also referred to as the Godula
Beds (Stomka, 1995; Golonka et al., 2006; Slqczka et al.,
20006), is an important part of the stratigraphic sequence of
the Silesian Unit in the Outer Western Carpathians. It is the
most widespread and best exposed formation of the basinal
facies zone of the Silesian Nappe (the Godula facies do-
main). The Godula Formation contributes significantly to
the geological make-up of the Moravskoslezské Beskydy,
Beskid Slaski (Slezské Beskydy) and the Beskid Maty
(Malé Beskydy) mountains.

The initial findings on the lithology and stratigraphy of
the Godula Formation were provided in the second half of
the 19th century and the beginning of the 20th century (e.g.,
Hohenneger, 1861; Paul and Tietze, 1887; Uhlig, 1907).
Systematic research on the Moravskoslezské Beskydy Mts.
was carried out by Beck, whose findings on the nappe struc-
ture of the mountains were published in the explanatory
notes to the map of the Ostrava-Karvina coal basin (Beck
and Gotzinger, 1932).

The delineation of the Godula Formation in the
Moravskoslezské Beskydy is based on the proportions of
sandstone and mudstone and the thickness of the sandstone
layers (Mencik and Pesl, 1955), or mainly on the propor-
tions of sandstone, conglomerate and fine-grained, heter-
olithic facies (Elias, 1970, 1979, 1999). An alternative di-
vision is based on heavy-mineral associations. Within the
Godula Formation, Roth (1980a) defined an older zircon
zone, subdivided into a rutile-zircon subzone and a sub-
zone of mixed assemblages, and a younger garnet zone.
The biostratigraphy of the Godula Formation is based on
agglutinated foraminifera (Hanzlikova, 1973; Geroch and
Nowak, 1984; Geroch and Koszarski, 1988) and dinoflagel-
late cysts (Skupien and Vasicek, 2002, 2003; Skupien and
Mohamed, 2008; Skupien et al., 2009). Significant contri-
butions to the lithostratigraphy, the interpretation of the dep-
ositional environment and the provenance of the sediments
were provided by Ksigzkiewicz (1933, 1953), Roth (1961),
Mendik et al. (1983), Elias (1979, 1999, 2000b), Slaczka et
al. (1999, 2006) and Stomka et al. (2006). A facies analysis
of the Godula Formation was presented by Stomka (1995)
and Stomka and Stomka (2001). A gamma ray spectrometric
characteristic and a facies analysis of sandstones of Godula
Formation were provided by Simi¢ek and Babek (2013) and
Macecek (2018).

The generalised pattern of palaeotransport directions in
the Godula Formation was described by Slaczka (1986)
and Stomka (1995). These authors noticed a significant pre-
dominance of the north-eastern direction of sediment trans-
port, which corresponds well with the original direction of
transportation before the counterclockwise rotation of the
Carpathian-Pannonian block (Roth, 1980b). According to
the authors mentioned above, the palaeotransport directions
depended on the position of the Silesian Cordillera, located
south of the Silesian Basin, as the main source of sediment,
as well as on the inclination of the longer axis of the Silesian
Basin, oriented to the east.
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The present paper summarizes the results of lithological
and facies analysis of the Godula Formation in the represen-
tative sections, in order to contribute to the understanding
of the lithofacies structure of this formation, the processes
involved in its development and the character of the deposi-
tional environment.

GEOLOGICAL SETTING

The Silesian Unit is part of the Flysch Belt of the Outer
Western Carpathians, representing the marginal, tectonical-
ly deformed zone of the Alpine-Carpathian orogenic sys-
tem (e.g., Golonka et al., 2006). The Silesian Unit within
the flysch zone belongs to the Menilite-Krosno Group of
nappes (Ctyroky and Stranik, 1995). The Silesian Unit con-
sists of a zone of thrust sheets and fold overthrust (Fig. 1).
It has the most complete stratigraphic record within the
Menilite-Krosno Group of nappes, including a continuous
stratigraphic sequence from the Late Jurassic to the Early
Miocene (Aquitanian). The thickness of the sedimentary fill
is up to 6,000 m (Mencik et al., 1983; Picha et al., 2006).
It plunges beneath the front of the Magura thrust sheets to the
south and slips onto the Subsilesian Unit or the Carpathian
Foredeep to the north (Lexa et al., 2000).

The Late Jurassic rifting of the south carbonate part of
the North European Platform and the northern parts of
the Pieniny-Magura area resulted in the emergence of
the Protosilesian Basin (Golonka et al., 2006). The basin
reached its greatest width during the Hauterivian—Aptian.
Intra-basin elevations were created in the Late Cretaceous,
which divided the originally uniform basin into several al-
most parallel sub-basins — the Silesian, Dukla, Skole and
Magura (e.g., Stomka, 1995; Nemcok et al., 2001; Golonka
et al., 2006). The sedimentation area of the Silesian Unit
was located to the north of the Silesian Ridge, separating it
from the sedimentation area of the Magura Group of nappes
(Golonka et al., 2006). The main developmental stages of
the Silesian sedimentation area can be divided into syn-
rift extension in the Tithonian—Hauterivian and post-rift
thermal subsidence in the Barremian—Turonian (Nemcok
et al., 2001; Skupien et al., 2009). Under the influence of
the tension mode, the basin was deepened up to 4,000 m.
In the Coniacian, the tectonic mode switched to compres-
sion, leading to a very extensive filling of the Silesian Basin
with clastic sediments of the Godula and Istebna formations
(Elias, 1999; Golonka et al., 2005; Stomka et al., 20006).
The sediments of individual flysch formations continued to
be deposited until the late Palacogene. Then, as a result of
the thrusting of the accretionary wedge, the Silesian Ridge
disappeared. It was the main source of the material com-
ing into the Silesian Basin (e.g., Ctyroky and Stranik, 1995;
Oszczypko, 2004; Golonka et al., 2005). Owing to process-
es related to the collision of the European Platform with
the Carpathian-Pannonian block during the Early Miocene,
there was a counterclockwise rotation (Kovac et al., 2018).
The thrust sheets of the Silesian Unit arrived at their cur-
rent position during the Badenian as a result of the orogenic
processes of the Early Styrian tectonic phase of the Alpine
folding, when they were moved in a SE-NW direction over
several tens of kilometres across the Neogene foredeep and
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Fig. 1.

Map of the main tectonic units of the Outer Western Carpathians in the Czech Republic (after Skupien ef al., 2009) and geologic

sketch-map of the Silesian Nappe (after Simiek and Bébek, 2013) with locations of studied sections.

the eastern part of the Bohemian Massif (Mencik et al.,
1983; Grzebyk and Leszczynski, 2006; Picha et al., 2006).
The rocks of the Godula Formation in the Moravskoslezské
Beskydy Mts. were rotated about 40° counterclockwise
during this transport (Roth, 1980b).

Currently, three facies successions occur in the Silesian
Unit, distinguished on the basis of lithofacies (Maté¢jka and
Roth, 1954; Elias, 1970; Mencik et al., 1983). The most

widespread of them with the most nearly complete strati-
graphic record (Oxfordian—Early Miocene) is the Godula
succession, which represents the inner part of the sedi-
mentary filling of the Silesian Basin (Stranik ef al., 1993).
The Baska succession represents base-of-slope facies in
a Tithonian—Paleocene stratigraphic sequence, the sedi-
mentation of which is related to the Stramberk limestone
reefs of the Tithonian—Berriasian (Elias, 2000a). The Kel¢
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succession is restricted to the northwest-marginal part of
the Silesian Unit. The stratigraphic sequence includes rocks
ranging in age from Valanginian to Paleocene (Golonka
et al., 2000).

The total thickness of the Godula Formation is highly vari-
able, from 60 m near the village of Hostasovice to 3,100 m in
the Moravka River (Mencik et al., 1983). This thickness in-
creases from the W and SW to the area of the Moravka River
and decreases from there to the E and NE (Elias, 1999). The
Godula Formation is underlain by the variegated shale stra-
ta of the Mazdk Formation (Roth, 1980a) and overlain by
the Istebna Formation (Elias, 1970; Strzebonski, 2015). The
sedimentation is synorogenic, when viewed from a tectonic
and facies perspective. The fine to medium, rhythmic fly-
sch was deposited below the CCD (Geroch and Koszarski,
1988). The relatively rapid subsidence in the basin result-
ed in an increased contribution of clastic material from the
source areas (Picha et al, 2006). Over roughly 15 muyr,
more than 3,000 m of clastic material were deposited (Roth,
1980a). The stratigraphic range of the Godula Formation
is from Coniacian to uppermost Campanian (Skupien and
Muhammad, 2008). The Godula Formation is divided into
three informal members (Fig. 2) called the Lower Member,
the Middle Member and the Upper Member (Mencik and
Pesl, 1955). The sedimentology and petrology of the Lower
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and Upper members of the Godula Formation are simi-
lar. They are characterized as predominantly thin-bedded
successions of fine- to medium-grained sandstones, silt-
stones, and mudstones (Stomka, 1995; Elias, 1999). Within
the Upper Member, local wedges and lenticular bodies of
coarse-grained sandstones and fine-grained conglomerates
of the Malinowska Skata Conglomerate (Burtanéwna et
al., 1937; Stomka, 1995; Elias, 2000b) as well as the me-
dium- to coarse-grained arkosic sandstones of the Pustevny
Sandstone (Elias, 2000b) are present. The Middle Member
is characterized by a medium- to thick-bedded sandstone
succession, dominated by coarse- to medium-grained sand-
stones (Mencik et al., 1983; Picha et al., 2006).

MATERIAL AND METHODS

During fieldwork, attention was focused mainly on the
sedimentological description of selected sections. The sec-
tions were selected with respect to lithostratigraphic distinc-
tion, so as to represent the entire development of the Godula
Formation. This article presents six sections (Tab.1), the to-
tal thickness of which is less than 76 m. Facies analysis was
used as the primary method, which depends on the deter-
mining the characteristic features of individual sedimentary
facies: grain-size trend, sedimentary texture, sedimentary

Ostravice

variegated Sandstone

HMZ — Heavy-mineral zones shales
MHM — Sub-zone of mixed heavy-mineral assemblages

Fig. 2.
positions of the studied sections.
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Lithostratigraphy of the Godula Formation (after Roth, 1980a; Skupien and Mohamed, 2008; Skupien et al., 2009) with the
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Table 1

Sections and their GPS coordinates.

Name of section GPS coordinates
Hustyn 49°55'61.208"N, 18°07'18.856"E
Malenovicky kotel 49°55"74.922"N, 18°43'54.650"E
Vysuty potok 49°62'29.247"N, 18°50'52.125"E
Knéhyné 49°48'09.322"N, 18°28'46.811"E
Mala Raztoka 49°29'56.067"N, 18°15'57.169"E
Velky kamen 49°52'88.953"N, 18°15'15.947"E

structures, biogenic structures, bed thickness and geom-
etry of layers. The symbols used to represent sedimentary
structures in the lithological logs are according to Joseph
and Lomas (2004). Lithofacies were distinguished on the
basis of the sedimentological field research in the selected
sections and also employed several classifications (Bouma,
1962; Lowe, 1982; Pickering et al., 1986; Ghibaudo, 1992;
Reading and Richards, 1994; Stomka, 1995; Stow et al.,
1998; Mulder and Alexander, 2001; Shanmugam, 2006).
Facies analysis was supplemented by the study of palaeo-
flow indicators, such as cross-stratification and flute casts.

RESULTS OF THE FACIES ANALYSIS
Facies F1

Description: This facies is characterized by predominance
of the psammitic fraction over the psefitic one. These are
fine- to medium-grained conglomerates with a support-
ing matrix of sandstone, which grades into coarse- to me-
dium-grained sandstone. The upper layer frequently is
separated from the overlying layer by an erosion surface.
Occasionally, mudstone intraclasts occur at the base of a
bed. Planar stratification near the bed top is rare. Layers of
conglomeratic sandstones appear in a set of several beds, lo-
cally separated by beds of fine-grained sandstone, siltstone
and grey to dark grey, non-calcareous mudstone, several
centimetres thick. The conglomeratic sandstone facies has
many features that are identical to those of subfacies gSC
and gISC (Stomka, 1995) and subfacies gGyS and glGys
(Ghibaudo, 1992).

Interpretation: This facies is explained as resulting from
the rapid deposition of gravel and sandy material from
high-density turbidity currents (cf. Lowe, 1982; Stomka,
1995) or sandy debris flows (cf. Shanmugam, 1996, 2006).

Facies F2

Description: This facies comprises predominantly the
psammitic fraction (Fig. 3A, B). Medium-grained sand-
stones are most widespread and, to a lesser degree, coarse-
grained sandstones. At the base of each layer, there are thin
conglomerates. The sandstone facies occur in separate lay-
ers or as a set of several layers, bounded by amalgamation
surfaces or separated by thin beds of dark grey, non-calcar-
eous mudstone. The sandstone layers are 30—-110 cm thick,
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mostly massive, locally with a weak, normal gradation
and rarely with planar lamination in the top parts. Traction
carpets are present near the bases of some beds (Fig. 3C).
Mudstone or limestone intraclasts are present at the bases
of some layers. Basal scours are often present. This facies
corresponds to facies S of Ghibaudo (1992) and Stomka
(1995).

Interpretation: These sediments also can be interpreted as
primarily the sandy deposits of high-density turbidity cur-
rents with a transition to traction (Love, 1982; Ghibaudo,
1992; Stomka, 1995), or they resulted from hyperconcen-
trated density flows (cf. Mulder and Alexander, 2001).

Facies F3

The sandstone and mudstone facies is typically formed
by two alternating components, with the sandstone compo-
nent predominating over the mudstone one. The mudstones
in some cases are genetically associated with the underlying
sandstones. The sandstones gradually pass into siltstones
and subsequently into mudstones, deposited from the same
gravity current. This facies corresponds to the lithofacies
SM according to Ghibaudo (1992) and Stomka (1995). At
the base of the sandstone layers, coarse- and fine-grained
conglomerates can be found. Two subfacies (F3a, F3b) are
distinguished.

Subfacies F3a

Description: This subfacies consists mainly of medi-
um-grained sandstones (Fig. 3A), locally passing into grey
to light grey, non-calcareous mudstones. Normal grada-
tion with conglomerates or coarse-grained sandstones on
a layer-to-layer basis, transitioning into medium-grained
sandstones, is typical. Massive sandstones are occasionally
present. The sandstone layers are 30—-100 cm thick. Variable
intervals of the Bouma sequence are present. In the thickest
beds, Ta and Tb intervals predominate (Fig. 3D). The thin-
ner beds often show Tae, Tade, and Tace intervals. The soles
of the beds are flat or uneven, some with flute casts (Fig.
3E) and trace fossils (Fig. 4A, B). Some sandstone layers
pinch out. The subfacies F3a has many characteristics iden-
tical with those of the subfacies gSM and mSM of Stomka
(1995).

Interpretation: Sediments of subfacies F3a were depos-
ited from high-energy currents with a sudden interruption
of supply, or resulted from concentrated density flows, the
energy of which gradually decreased (Lowe, 1982; Mulder
and Alexander, 2001).

Subfacies F3b

Description: This subfacies comprises medium- to fine-
grained sandstones, transitioning into mudstones (Fig. 4C).
The base of a bed may incorporate a thin layer of coarse-
grained sandstone. The thickness of the sandstone layers
ranges from 10 to 30 cm. Positive gradation is frequent.
The top and bottom layer contacts are flat. Parallel lami-
nation (Fig. 4D), locally cross-lamination and ripple bed-
ding, are present at the upper parts of the layers. Mudstones
are non-calcareous and grey to light grey. Exceptionally,
turbiditic mudstones (Te) have a thin layer of black-grey,
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Fig.3. Sedimentary facies and features of the Godula Formation in the studied sections. A. Facies sequence of the proximal part of
the depositional lobe, alternation of layers of coarse- to medium-grained sandstones (facies F2 and F3) with intercalations of fine-grained
sandstones and siltstones (F4), Knéhyné section. B. Massive sandstone layer (facies 2), Kn€hyné section. C. Traction carpet at the base of
the sandstone layer (facies F2), Knéhyné section. D. Planar lamination in the upper part of the sandstone layer (subfacies F3a), Kné¢hyné
section. E. Flute marks on the sole of the sandstone layer (subfacies F3a), Velky kamen section.
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Fig. 4. Sedimentary facies and features of the Godula Formation sandstones in the studied sections. A. Hypichnial trace fossil
(?Planolites sp.), Kn€hyné section. B. Hypichnial trace fossil Scolicia strozzii, Knéhyné section. C. Medium- to fine-grained sandstones
gradually transitioning to siltstones and mudstones (facies F3b), Velky kamen section. D. Sandstone layer with planar lamination and some
hydroplastic deformation in the upper part of the sandstone layer (subfacies F3b), Mala Raztoka section. E. Finely rhythmic flysch of the
distal parts of the fan with a predominance of mudstone over fine-grained sandstones and siltstones (facies F4 and F5), Malenovicky kotel
section. F. Fine-grained sandstones and siltstones with mudstones (subfacies F4a), Mala Raztoka section.
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spotted, less grey hemipelagic mudstone above them. These
turbidites exhibit the Tabcde, Tabce, Tabe, Tace, Tbcde,
Tbce Bouma intervals. Trace fossils are present on the lower
surfaces of some sandstone beds. Subfacies F3b has many
features identical with those of subfacies gISM and ISM by
Stomka (1995).

Interpretation: This subfacies is referred to deposition of
sandy-clay material from gravity currents (Lowe, 1982); it
is interpreted as being a result of deposition from gravity
currents of different densities with a rapid transition to trac-
tion currents, or from low-energy currents, rapidly passing
into the fractions of fine-grained material (Stomka, 1995).

Facies F4

This facies is characterized by the predominance of
mudstones over fine-grained sandstones and siltstones.
It corresponds to the MS lithofacies by Ghibaudo (1992)
and Stomka (1995). Two subfacies (F4a, F4b) were distin-
guished (Fig. 4E).

Subfacies Fda

Description: This subfacies is represented by layers of fine-
grained sandstone with thicknesses of up to 10 cm (Fig. 4F).
The sandstones gradually pass into the predominant mud-
stone-siltstone layer. Planar lamination is frequent and
normal graded bedding is rare. The upper contact surfaces
of the layers are flat, while the base of each layer tends to
be undulating. Trace fossils and sole markings are clear-
ly visible on the lower surfaces of the sandstone layers.
The mudstones are non-calcareous and grey, or more rarely,
black-grey and spotted. The Tbce, Tbde, and Tbe Bouma
intervals are present. The subfacies F4a corresponds to the
gMS subfacies of Stomka (1995).

Interpretation: Sediments of subfacies F4a were rapidly
deposited from dilute turbidity currents (Stomka, 1995),
or from low-density turbidity currents (cf. Lowe, 1982;
Ghibaudo, 1992).

Subfacies F4b

Description: This subfacies consists of fine-grained sand-
stone to siltstone, passing into light grey to grey, non-calcar-
eous mudstone. Exceptionally, the turbidite mudstones (Te)
have black-grey, spotted, less grey hemipelagic mudstones
above them. Planar lamination is locally present and rip-
ple bedding is rare. The upper contact surface of the layers
is undulating, while the base is sharp or undulating. Trace
fossils are rarely present on the lower surface. The Tbcde,
Tbde, Tcde, Tce intervals are common. Subfacies F4b corre-
sponds to the IMS lithofacies of Stomka (1995).

Interpretation: These sediments were deposited by trac-
tion currents with the finest fraction reworked by bottom
currents (Stomka, 1995; cf. Shanmugam, 2006).

Facies F5

Description: This facies is characterized by alternating
mudstones and siltstones. The mudstones predominate.
Sandstone layers several centimetres thick are present.
The mudstones and siltstones are often massive, but planar
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lamination is also common. The bases of layers are sharp
or exceptionally erosional in nature. Black-grey, spotted,
less grey hemipelagic mudstones are rarely present. Facies
F5 corresponds to the MT facies of Ghibaudo (1992) and
Stomka (1995).

Interpretation: The facies F5 was deposited mainly from
strongly diluted, low-density turbidity currents and rarely
from finely dispersed suspensions (Stomka, 1995).

SEDIMENTARY FACIES
IN THE MEASURED SECTIONS

The Hustyn section represents coarse and medium rhyth-
mic sedimentation of the Pustevna Sandstone as what ap-
pears to be the Upper Member of the Godula Formation
(Figs 5, 6). The section is dominated by sandstone facies,
accounting for 46.3% of the total thickness of the profile.
Conglomeratic sandstone facies (25.3%) and sandstone and
mudstone facies (24.3%) are represented subordinately.
The mudstone with sandstone and siltstone facies (4.1%) are
least represented. The sandstone facies (facies F2) is primar-
ily represented by massive, glauconitic, medium-grained
sandstones. The sandstone layers also contain water-es-
cape structures. One sandstone layer shows normal graded
bedding. The sandstone layer at the base is coarse-grained.
In the upper part of the layer, it passes into medium-grained
sandstone with weakly developed planar lamination.
The amalgamation of some sandstone layers is evident.
The conglomeratic sandstones (facies F1) are normally
graded. At the bases of the sandstone layers, there are fine-
grained, sandstone-matrix-supported conglomerates, which
pass upwards into coarse-grained sandstones. The upper
parts of the layers occasionally display traces of planar lam-
ination. The sandstones (facies F3a, 3b) are normally grad-
ed. At the bases of these layers, there are coarse-grained
sandstones passing into medium-grained sandstones.
In the upper parts of the layers, planar lamination and rip-
ple lamination are evident. These sandstone layers pass
into siltstones and mudstone. The lower part of the section
has a heterolithic character (subfacies F4a). It is formed by
parallel-laminated, fine-grained sandstones, siltstones and
non-calcareous mudstones.

The Malad Raztoka, Knéhyné and Velky Kémen sections
have a few common features (Figs 5, 7). The facies of sand-
stones and mudstones (F3) predominates, with subordinate
representation of the sandstone facies (F2) and the mud-
stone with sandstone and siltstone facies (F4).

The Mald Raztoka section (Fig. 5) has the character
of medium-rhythmic flysch at the transition between the
Middle and Upper members of the Godula Formation.
The sandstone and mudstone facies (64.7%) predominate,
with a minor proportion of the mudstone with sandstone
and siltstone facies (20%) and the sandstone facies (15.3%).
The sandstone layers (facies F3a) are normally graded. In
the lower part of the sandstone layers, there are occurrenc-
es of coarse-grained sandstone, which pass upwards into
medium-grained and locally even fine-grained sandstones.
The sandstone layers are covered with siltstones and
non-calcareous mudstones. In the upper parts of the
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Fig. 5. Sedimentological log of the HuStyn and Mala Réztoka sections.
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Fig. 6.  Explanatory notes to Figures 5, 7, 8.

sandstone layers, parallel lamination or ripple lamination
are present. Trace fossils are present on the lower surfaces
of some layers. The sandstone facies (F2) is represented by
massive, glauconitic, medium-grained sandstones. Planar
lamination is clearly visible in the upper parts of the sand-
stone layers. Heterolithic deposits (facies F4) are made of
fine-grained sandstones mainly. The sandstone layers are
planar laminated in the upper parts. Trace fossils are present
at the lower surface of the sandstones.

The Knéhyné section (an abandoned quarry) represents
the transition between the Middle and Upper members of
the Godula Formation (Fig. 7). The sandstone and mud-
stone facies predominate (52%), while the mudstone with
sandstone and siltstone facies constitutes 20.5% and the
sandstone facies 19.5%. The remaining 8% represent
the sandstone and mudstone facies (F3), the mudstone with
conglomeratic sandstones (F1) and the mudstone and silt-
stone facies (F5). The sandstone and mudstone facies (F3),
the mudstone with sandstone and siltstone facies (F4) and
the mudstone and siltstone facies (F5) and have the same
characteristic structure and texture as in the Mald Raztoka
profile. At the bases of the sandstone layers of the sandstone
facies (F2), mudstone clasts are present locally. Above the
turbiditic mudstones (Te), a thin layer of black and grey,
spotted, hemipelagic mudstones can be rarely found. Almost
all layers show erosion scours, flute marks and trace fossils
on their lower surfaces.

The Velky Kamen section (Fig. 7) is composed of a medi-
um to coarse, rthythmic flysch at the transition between the
Middle and Upper members of the Godula Formation. The
sandstone and mudstone facies (48.5%) together with the
sandstone facies (32%) predominate. The mudstone with
sandstone and siltstone facies (F4) is represented but to a
lesser degree.

L. MACECEK

The Vysuty potok section (Fig. 8) represents the fine to
medium rhythmic deposits of the Lower Member of the
Godula Formation. It is formed mainly by the sandstone
and mudstone facies (51.7%), the mudstone with sandstone
and siltstone facies and the mudstone with siltstone facies
(37%) and to alesser degree by the sandstone facies (11.3%).
Layers of glauconitic, predominantly medium-grained,
and massive sandstones (facies F2 and subfacies F3a)
alternate with sandstones, which often exhibit normal
graded bedding and planar lamination (subfacies F3Db).
Heterolithic deposits are formed by facies of mudstones with
fine-grained sandstones and siltstones (facies F4 and F5).
The fine-grained sandstones (subfacies F4a) are massive
and contain planar stratification. On the lower surfaces of
the sandstone layers, trace fossils occur. Coarsening- and
thickening-upward packages of strata are present (negative
cycles), but there are also positive cycles, with fining and
thinning trends.

The Malenovicky kotel section (Fig. 8) displays a fine,
rhythmic flysch of the Lower Member of the Godula
Formation. The mudstone with sandstone and siltstone fa-
cies (F4) and the mudstone with siltstone facies (83%) pre-
vail. The sandstone and mudstone facies is present only to
a lesser degree (17%). The contribution of the mudstone
layers within the thickness of the whole profile is great-
er than 40%. Massive and often parallel-laminated, fine-
grained sandstones (subfacies F4a) pass into siltstones and
mudstones (subfacies F4b and facies F5). Above the tur-
biditic mudstones, a thin layer of hemipelagic mudstones
occasionally occurs. In the sandstones (subfacies F3Db),
normal graded bedding is often present. In the upper parts
of the sandstone layers, parallel lamination and ripple lami-
nation occur.
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Fig. 7.  Sedimentological log of the Kn¢hyn¢ and Velky kdmen sections.
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Fig. 8. Sedimentological log of the Vysuty potok and Malenovicky kotel sections.
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Fig. 9.

PALAEOCURRENT ANALYSIS

In the measured values of palaecocurrent indicators
(Fig.9), one can see smaller differences between flute marks
at the bases of turbidites and ripple cross bedding in the
upper parts of the sandstone layers. In the flute marks oc-
curring at the lower surfaces of the sandstone layers of the
conglomeratic sandstone facies (F1), the sandstone facies
(F2) and the sandstone and mudstone subfacies (F3a), the
dispersion of the measured values is insignificant. The main
direction is towards the NE while NNE and ENE directions
are present to a minor extent. These palacocurrent indicators
were measured at the Kn¢hyne, Mald Raztoka and Velky
kamen sections, where the NE direction dominates. Near
the Hustyn section, the NNE direction predominates.

A more significant variance in the measured values of pla-
nar cross- bedding was recorded in the sandstone facies (F2),
the sandstone and mudstone facies (F3) and the mudstone
with sandstone and siltstone subfacies (F4a). The measured
values correspond to the NNW, N, NNE, NE, ENE and E
directions. These measured values show the predominance
of the NE direction even here. Planar cross-bedding was re-
corded in all sections. At the Mald Raztoka, Malenovicky
kotel and Vysuty potok locations, the NE direction of sed-
iment transport predominated. In the Knéhyné and Velky
kamen sections, the NNE direction predominated and the
NE direction was subordinate. At the HuStyn section, the N
and NNE directions predominated.

DISCUSSION

The association of sedimentary facies, together with the
sedimentary structures described, show that deposition
took place in a deep-sea turbidite fan and a slope apron.
In the Godula Formation, several facies sequences, typical

Palaeocurrent directions in the studied sections of the Godula Formation in the Moravskoslezské Beskydy Mts.

for the inner, middle, and outer parts of the fan and a ba-
sin plain, are distinguished (Stomka, 1995). The channel
facies are typical of the inner and middle parts of a fan.
The inner part of the fan consists of the main channel,
which is represented by thick beds of predominantly coarse-
grained turbidites (Shanmugam and Maiola, 1988). In the
middle part, the main channel branches into a few small-
er distributary channels (Mutti and Ricci Lucchi, 1972;
Shanmugam and Maiola, 1988; Mutti et al., 2009). There
is an intensification of sedimentation in the form of poorly
sorted sand-gravel sediments with the minor occurrence of
fine-grained material.

Another important group of facies in deep-sea turbidite
fans belongs to depositional lobes, which can reach lengths
of up to several tens of kilometres and are fed at the mouths
of canals. The sediments of these depositional lobes grad-
ually pass into the sediments of the basin plain (Pickering
et al., 1989; Bouma, 2000). Sandstone and mudstone faci-
es predominate. The mudstone with sandstone and siltstone
facies and the sandstone facies are less represented. The oc-
currence of these facies is limited primarily to the middle
parts of the turbidite fan. Other characteristic features for
depositional lobes are the varying thicknesses of the sand-
stone layers, as well as the differences in grain size towards
the tops of these layers, the flat and regular contact surfaces
of sandstone layers, and the presence of upward thinning
and/or thickening trends (Stomka, 1995; Mutti ef al., 2009).

The group of so-called transitional deposits includes sed-
iments that were deposited among the well-described lith-
ologic associations of the channels and depositional lobes.
Channel levees are associated with channel facies. The
spaces between channels are filled with the interchannel
facies, which are formed by sediments deposited from the
overflow of currents over the channel levees (Stomka, 1995;
Shanmugam, 2006; Mutti et al., 2009). Sediments deposited
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between the depositional lobes and the basin plain are also
considered to be transitional facies. These are the fringes of
the depositional lobes and the fringes of the deep-sea fan in
general (Mutti e/ al., 2009). Some authors also consider the
channel margins to be sediments of the transitional facies
(Pickering et al., 1989).

Beside the deep-sea turbiditic fans, siliciclastic slope
aprons are important depositional systems. Their character-
istic features are the absence of typical deep-sea fan facies
successions and the lack of trends in layer thickness and grain
size (Stomka, 1995; Shanmugam, 2006). In the studied sec-
tions, facies of the depositional lobes, the transitional deposits
and probably the siliciclastic apron are identified (Fig. 10).

A characteristic feature of the HuStyn section is the pre-
dominance of the F2, F1 and the beds of massive sandstone
beds (F2 facies), the absence of positive and negative cy-
cles, as well as the absence of trace fossils and flute casts
(except for one sandstone layer of the F2 facies) on the low-
er surfaces. These features are characteristic for facies of
the siliciclastic apron (Stomka, 1995; Shanmugam, 2006).
The Hustyn section (Fig. 2) contains wedges and lenticu-
lar bodies of the local Pustevny Sandstone (Elias, 2000b).
Sandstones and conglomerates of the Malinowska Skata
Conglomerate as well as the Pustevny Sandstone are con-
sidered as lithosomes deposited within an apron (Stomka,
1995). This interpretation is problematic in terms of the
higher representation of facies F3 in the HuStyn section
(Fig. 5). The lower part of the profile (2.6 m) rather corre-
sponds to the depositional lobe. A characteristic feature of
such a lobe is the predominance of facies F3 and F1. Facies
F4 is represented to a lesser degree.
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The facies architecture of the Mala Réztoka, Velky
kamen and Knéhyné sections (Figs 6, 7) best corresponds to
the deposits of depositional lobes (cf. Stomka, 1995; Mutti
et al., 2009). A characteristic feature is the predominance
of the F3 facies. Facies F4, F2 and F1 are represented to
a lesser degree. The typical features are thickening-up-
ward and coarsening-upward turbidite sequences. Another
characteristic feature is the presence of negative cycles.
In the Knéhyné section, both positive and negative cycles,
as well as a higher proportion of mudstone layers, are pres-
ent. Some parts of all three sections may possibly belong to
transitional facies of the lobe fringe.

The Vysuty potok section (Fig. 8) corresponds to the lobe
fringe (cf. Stomka, 1995). Facies F3 and F4 predominate
here. The F5 facies is less common.

The Malenovicky kotel section (Fig. 8) probably corre-
sponds to channel levee accumulations, although its distinc-
tion from interchannel formations is very difficult, owing to
the lack of typical features. A characteristic feature of this
section is the high proportion of mudstone layers (Stomka,
1995; Mutti et al., 2009).

The sections from the Moravskoslezské Beskydy Mts. de-
scribed above made possible definition of the facies types of
individual parts of the siliciclastic, deep-sea turbidite fan or
a siliciclastic slope apron (cf. Mutti and Ricci Lucchi, 1972;
Reading and Richards, 1994; Stomka, 1995; Shanmugam,
2006; Mutti et al., 2009). The facies sequences of indi-
vidual sections correspond to the medial to distal parts of
the turbidite fan, described by the authors cited (Fig. 10).
The middle and upper parts of the HuStyn profile coin-
cide with the facies sequence of the siliciclastic apron.

Fig. 10. Model of deep-sea fan system of the Godula Formation in the Moravskoslezské Beskydy Mts.
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The lower part of the HuStyn profile rather corresponds to
the depositional lobe. On the basis of their characteristics,
the Mald Raztoka, Velky Kémen, Kn¢hyné¢ and Vysuty
Potok sections can be assigned to the distal parts of the tur-
bidite fan. The Malenovicky kotel section corresponds to the
channel levee associated with the channel facies. Therefore,
it can be included in the medial part of the turbidite fan.

The interpretation of palaeocurrent measurements have to
be referred to palacomagnetic data, which indicate that the
rocks of the Godula Formation were rotated 40-50° coun-
terclockwise during their Miocene tectonic transport (Roth,
1980b; Oszczypko and Salata, 2005; Marton et al., 2009;
Kovac et al., 2018). The original orientation of the main
trough of the Silesian Basin during the Late Cretaceous
matches the Sudetes direction of NW to SE (Roth, 1980D).
Palaeotransport indicators in the Moravskoslezské Beskydy
Mts. are in good agreement with the data published by
Polish authors (Slaczka, 1986; Stomka, 1995). Among the
measured values, the NE direction predominates, which cor-
responds to the original E direction of transportation during
sedimentation of the Godula Formation (Coniacian—upper-
most Campanian), before the counterclockwise rotation of
the Silesian Unit. The directions NNE and N are represented
to a lesser extent. The relatively uniform mode of sediment
transport indicates that this part of the Silesian Basin was
continuous, without significant segmentation. The main
source of the sediment supplied was the Silesian Ridge.
The transport of the clastic material was controlled by the
general trend of the longer axis of the basin towards the E
(Slaczka, 1986). Individual measured values of directions
to the ENE and E in thin layers of sandstone with planar
cross-bedding in the Mala Réztoka, Malenovicky kotel and
Vysuty potok sections may indicate the presence of contour
currents in the Silesian Basin (Strzebonski, 2015).

CONCLUSIONS

The sedimentology of the Godula Formation (Coniacian—
uppermost Campanian), representing different facies se-
quences, was studied in six sections in the western and
central part of the Moravskoslezské Beskydy Mts. Field
research and facies analysis yielded the following results:

1. Five facies, including four subfacies, were distinguished,
including conglomeratic sandstones (F1), sandstones
(F2), sandstones and mudstones (F3a, F3b), mudstones
with sandstones and siltstones (F4a, F4b) and mudstones
and siltstones (F5).

2. Facies F3 and F4 predominate in the profiles described.
Facies F1 is subordinate.

3. The dominant processes of deposition were gravity cur-
rents, varying in energy and density, mainly as high- to
low-density turbidity currents. The rapid deposition of
gravel and sandy material from high-density turbidity cur-
rents also is explained as arising from sandy debris flows.
Sporadically, there was deposition from traction currents
and to a negligible extent from dispersed suspensions.

4. The sedimentary facies identified are characteristic of
siliciclastic, turbidite deep-sea fans and siliciclastic
slope aprons. The sequences show features indicative
of deposition within an apron (Hustyn section). Channel
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levee facies are characteristic of the middle part of
the fan (Malenovicky kotel section). The distal parts of
the fan are represented by depositional lobe facies (Mala
Raztoka, Velky Kéamen, Knéhyné sections) and the tran-
sitional facies of the lobe fringes (Vysuty Potok section).

5. The measured palaeocurrent indicators show the direc-
tion of material transport of the Godula Formation to-
wards the N, NNE and NE. The NE direction significant-
ly predominates. Considering the original orientation of
the Silesian Basin axis in the Late Cretaceous before its
counterclockwise rotation, an approximately E direction
of material transport predominated in the N and NW parts
of the Silesian Basin.

Acknowledgments

This article was prepared with the support of the internal pro-
ject CGS No. 323000 (special studies, methodology research, doc-
toral thesis, and diploma thesis). The author would like to thank
Miroslav Bubik for helpful comments and discussion of the man-
uscript. I am sincerely grateful to referees FrantiSek Tet'ak and an
anonymous reviewer for their critical reading of an earlier version
of the manuscript. The paper benefited from editorial corrections
by Alfred Uchman and Ewa Malata, and from linguistic correc-
tions by Frank Simpson.

REFERENCES

Beck, H. & Goétzinger, G., 1932. Erlduterungen zur geologis-
chen Karte des Ostrau-Karwiner Steinkohlenbeckens, der
Westbeskiden und des sudetischen Randgebietes. Geologische
Bundesanstalt, Wien, 84 pp.

Bouma, A. H., 1962. Sedimentology of Some Flysch Deposits:
A Graphic Approach to Facies Interpretation. Elsevier,
Amsterdam, 168 pp.

Bouma, A. H., 2000. Coarse-grained and fine-grained turbidite
systems as end member models: applicability and dangers.
Marine and Petroleum Geology, 17: 137-143.

Bubik, M., Skupien, P. & Svabenickd, L., 2008. Stratigraphy of
the Cretaceous Oceanic Red Beds of the Carpathian Flysch
in Moravia. Geologické vyzkumy na Moravé a ve Slezsku, 15:
46-52. [In Czech, with English abstract.]

Burtanowna, J., Konior, K. & Ksigzkiewicz, M., 1937. Mapa
geologiczna Karpat Slgskich. Wydawnictwa Slaskie PAU,
Krakoéw. [In Polish.]

Ctyroky, P. & Stranik, Z., 1995. Zprava pracovni skupiny Geské
stratigrafické komise o regionalnim déleni Zapadnich Karpat.
Véstnik Ceského geologického tistavu, 70: 67-72. [In Czech.]

Elias, M., 1970. Lithology and sedimentology of the Silesian unit
in the Moravo-Silesian Beskydy Mts. Shornik geologickych
véd, 18: 7-99. [In Czech, with English summary.]

Elias, M., 1979. Facies and paleogeography of the Silesian unit
in the western part of the Czechoslovak flysch Carpathians.
Véstnik Ustiedniho vistavu geologického, 54: 327-339.

Elias, M., 1999. Litostratigrafie a sedimentologie godulského sou-
vrstvi s.s. v Moravskoslezskych Beskydech. Zpravy o geolo-
gickych vyzkumech v roce 1998, 32: 35-37. [In Czech.]

Elias, M., 2000a. Bassky vyvoj slezské jednotky a jeho mozné
ekvivalenty. Zpravy o geologickych vyzkumech v roce 1999,
33:45-47. [In Czech.]



324

Elias, M., 2000b. Relation between Pustevny Sandstone and
Malinovska skala Sandstone (Godula Formation s. s.) in the
Beskydy Mts. Geologické vyzkumy na Moraveé a ve Slezsku, 7:
64-66. [In Czech, with English abstract.]

Geroch, S. & Koszarski, L., 1988. Agglutinated foraminiferal stra-
tigraphy of the Silesian Flysch Trough. Abhandlungen der
Geologischen Bundesanstalt, 41: 73—79.

Geroch, S. & Nowak, W., 1984. Proposal of zonation for the
late Tithonian—Eocene, based upon the arenaceous foramin-
ifera from the outer Carpathians, Poland. In: Oertli, H. J.
(ed.), BENTHOS ‘83: 2nd International Symposium on
Benthic Foraminifera. Bulletin des Centres de Recherches
Exploration-Production Elf-Aquitaine, 6: 225-239.

Ghibaudo, G., 1992. Subaqueous sediment gravity flow depos-
its: particular criteria for their description and classification.
Sedimentology, 39: 423—454.

Golonka, J., Gahagan, L., Krobicki, M., Marko, F., Oszczypko, N.
& Slqczka, A., 2006. Plate tectonic evolution and paleoge-
ography of the circum-Carpathian region. In: Golonka, J.
& Picha, F. J. (eds), The Carpathians and their foreland:
Geology and hydrocarbon resources. American Association
of Petroleum Geologists, Memoir, 84: 11-46.

Golonka, J., Krobicki, M., Matyszkiewicz, J., Olszewska, B.,
Slaczka, A. & Stomka, T., 2005. Geodynamics of ridges and
development of carbonate platform within the Carpathian
realm in Poland. Slovak Geological Magazine, 11: 5-16.

Grzebyk, J. & Leszczynski, S., 2006. New data on heavy minerals
from the Upper Cretaceous-Paleogene flysch of the Beskid
Slaski Mts. (Polish Carpathians). Geological Quarterly, 50:
265-280.

Hanzlikova, E., 1973. Foraminifera of the variegated Godula
Member in Moravia (Cenomanian—Turonian). Shornik geolo-
gickych véd, 15: 119-184.

Hohenneger, L., 1861. Die geognostischen Verhdltnisse der Nord-
Karpathen in Schlesien und den angrenzenden Theilen von
Mchren und Galizien. Justus Perthes Verlag, Gotha, 50 pp.

Joseph, P. & Lomas, S. A. (eds), 2004. Deep-water sedimenta-
tion in the Alpine Basin of SE France. New perspectives on
the Grés d Annot and related systems. Geological Society,
London, Special Publication, 221: 1-16.

Kovag, M., Marton, E., Kluéiar, T. & Vojtko, R., 2018. Miocene
basin opening in relation to the north-eastward tectonic ex-
trusion of the ALCAPA Mega-Unit. Geologica Carpathica,
69: 254-263.

Ksiazkiewicz, M., 1933. Beitrag zur Kenntnis der mittleren Kreide
der Godula-Decke in den West Karpaten. Rocznik Polskiego
Towarzystwa Geologicznego, 9: 88-95. [In Polish, with
German summary. |

1953.

a Dunajcem. In: Regionalna geologia Polski, t. 1, Karpaty, z. 2.

Ksiazkiewicz, M., Karpaty fliszowe miedzy Olza
Polskie Towarzystwo Geologiczne, Krakow, pp. 305-362.
[In Polish.]

Lexa, J., Bzdk, V., Elecko, M., Mello, J., Polak, M., Potfaj, M.
& Vozar, J., 2000. Geologicka mapa Zdapadnych Karpat
a prilahlych iizemi. Statny geologicky Gstav Dionyza Stira,
Bratislava. [In Slovak.]

Lowe, D. R., 1982. Sediment gravity flows: II. Depositional
models with special reference to the deposits of high-densi-
ty turbidity currents. Journal of Sedimentary Petrology, 52:
279-297.

L. MACECEK

Macecek, L., 2018. Sedimentological and sedimentary-petrologi-
cal study of outcrops of the Godula Formation. Unpublished
Msc. Thesis, Palacky University Olomouc, 77 pp. [In Czech,
with English abstract.]

Matéjka, A. & Roth, Z., 1954. Mapovaci zprava z terénu mezi
Ostravici a Stonavkou (Moravskoslezské Beskydy). Zpravy
o geologickych vyzkumech v roce 1953 (Ustiedni iistav
geologicky), pp. 97-106. [In Czech.]

Marton, E., Rauch-Wtodarska, M., Krejéi, O, Tokarski, A. K.
& Bubik, M., 2009. An integrated palacomagnetic and
AMS study of the Tertiary flysch from the Outer Western
Carpathians.
925-940.

Mencik, E., Adamova, M., Dvorak, J., Dudek, A., Jetel, J., Jurkova,
A., Hanzlikova, E., Housa, V., Peslova, H., Rybafova, L.,
Smid, B., Sebesta, J., Tyracek, J. & Vasicek, Z., 1983.
Geology of the Moravskoslezské Beskydy Mts. and the
Podbeskydskd pahorkatina Upland. Ustfedni tstav geolo-
gicky, Praha, 304 pp. [In Czech, with English summary.]

Mencik, E. & Pesl, V., 1955. O litologickém vyvoji godulskych
vrstev v povodi Ostravice. Vésmik Ustiedniho iistavu geolog-
ického, 21: 127-139. [In Czech.]

Mulder, T. & Alexander, J., 2001: The physical character of subaq
ueous sedimentary density flows and their deposits. Sediment
ology, 48: 269-299.

Mutti, E., Bernoulli, D., Ricci Lucchi, F. & Tinterri, R., 2009.
Turbidites and turbidity currents from Alpine ‘Flysh’ to

Geophysical Journal International, 177:

the exploration of continental margins. Sedimentology, 56:
267-318.

Mutti, E. & Ricci Lucchi, F., 1972. Le toribiditi dell’ Appenni-
no settentrionale: introduzione all’analisi di facies. Societa
Geologica Italiana, Memorie, 11: 161-199.

Nemcok, M., Nemcok, J., Wojtaszek, M., Ludhova, L., Oszczypko,
N., Sercombe, W. J., Cieszkowski, M., Paul, Z. P., Coward,
M. & Slqczka, A.,2001. Reconstruction of Cretaceous rifts in-
corporated in the Outer West Carpathian wedge by balancing.
Marine and Petroleum Geology, 18: 39—64.

Normark, W. R., 1970. Growth patterns of deep-sea fans. American
Association of Petroleum Geologists, 54: 2170-2195.

Normark, W. R., 1978. Fan valleys, channels and depositional
lobes on modern submarine fans; characters for recognition
of sandy turbidite environments. American Association of
Petroleum Geologists, 54: 912-931.

Oszczypko, N., 2004. The structural position and tectonosedi-
mentary evolution of the Polish Outer Carpathians. Przeglgd
Geologiczny, 52: 780-791.

Oszczypko, N. & Salata, D., 2005. Provenance analyses of the
Late Cretaceous—Palacocene deposits of the Magura Basin
(Polish Western Carpathians) — evidence from a study of the
heavy minerals. Acta Geologica Polonica, 55: 237-267.

Paul, C. M. & Tietze, E., 1887. Studien en der Sandsteinzone der
Karpaten. Jahrbuch der Kaiserlich Kéniglichen geologischen
Reichsanstalt, 27: 33—130.

Picha, F. J., Stranik, Z. & Krejé¢i, O., 2006. Geology and hydro-
carbon resources of the Outer Western Carpathians and
their foreland, Czech Republic. In: Golonka, J. & Picha, F.
J. (eds), The Carpathians and their foreland: Geology and
hydrocarbon resources. American Association of Petroleum
Geologists, Memoir, 84: 49-175.


https://www.scopus.com/sourceid/27947?origin=recordpage

SEDIMENTOLOGY OF THE GODULA FORMATION

Pickering, K., Hiscott, R. & Hein, F. J., 1989. Deep Marine
Environments: Clastic Sedimentation and Tectonics. Unwin
Hyman, London, 424 pp.

Pickering, K., Stow, D. A. V., Watson, M. & Hiscott, R. N., 1986.
Deep-water facies, processes and models: a review and clas-
sification scheme for modern and ancient sediments. Earth
Science Reviews, 22: 75-174.

Reading, H. G. & Richards, M., 1994. Turbidite systems in
deep-water basin margins classified by grain size and feed-
er system. American Association of Petroleum Geologists,
Bulletin, 78: 792-822.

Ricci Lucchi, F., 1975. Depositional cycles in two turbidite for-
mations of northern Apennines. Journal of Sedimentary
Petrology, 45: 1-43.

Roth, Z., 1961. Structure and geological position of the Moravo-
Silesian Beskyds, CSSR. Geologické prdce, Zosit, 60: 65-85.
Bratislava.

Roth, Z., 1980a. Stratigrafie godulské skupiny Moravskoslezskych
Beskyd ve svétle hlubokych vrtil. Véstnik Ustiedniho tistavu
geologického, 55: 75-83. [In Czech.]

Roth, Z., 1980b. The Western Carpathians — a Tertiary structure of
Central Europe. Usttedni Gistav geologicky, Praha, 128 pp. [In
Czech, with English summary.]

Shanmugam, G., 1996. High-density turbidity currents: are they
sandy debris flows? Journal of Sedimentary Research, 66:
2-10.

Shanmugam, G., 2006. Deep Water Processes and Facies Models:
Implications for Sandstone Petroleum Reservoirs. Handbook
of Petroleum Exploration and Production 5, Elsevier,
Amsterdam, 496 pp.

Shanmugam, G. & Maiola, R. J., 1988. Eustatic control of calci-
clastic turbidites. Marine Geology, 56: 273-278.

Skupien, P., Bubik, M., Svébenicka, L., Mikulag, R., Vasicek, Z. &
Matysek, D., 2009. Cretaceous Oceanic Red Beds in the Outer
Western Carpathians of Czech Republic. In: Hu, X., Wang, C.,
Scott, R. W., Wagreich, M. & Jansa, L. (eds), Cretaceous
Oceanic Red Beds: Stratigraphy, Composition, Origins, and
Paleoceanographic and Paleoclimatic Significance. Society
for Sedimentary Geology, Tulsa, pp. 99-109.

Skupien, P. & Mohamed, O., 2008. Campanian to Maastrichtian
palynofacies and dinoflagellate cysts of the Silesian Unit,
Outer Western Carpathians, Czech Republic. Bulletin of
Geosciences, 83: 207-224.

Skupien, P. & Vasicek, Z., 2002. Report on the biostratigraphic
study of the Cretaceous in the Outer Western Carpathians in
the year 2001 (Czech and Slovak Republics). Zprdvy o geo-
logickych vyzkumech v roce 2001, 35: 80-82. [In Czech, with
English abstract.]

Skupien, P. & Vasicek, Z., 2003. Lithostratigraphical and biostra-
tigraphical knowledge of the Bystry potok section by Frenstat
p- R. (Upper Cretaceous, Silesian unit of the Outer Western
Carpathians). Transactions of the VSB-Technical University
Ostrava, Mining and Geological Series, 8: 64-94. [In Czech,
with English summary.]

325

Stomka, T., 1995. Deep-marine siliciclastic sedimentation of
the Godula beds, Carpathians. Prace Geologiczne Polskiej
Akademii Nauk, 139: 1-132. [In Polish, with English
summary. |

Stomka, T., Malata, T., Leéniak, T., Oszczypko, N. & Poprawa, P.,
2006.Evolution of the Silesian and Subsilesian basins. In:
Oszczypko, N., Uchman, A. & Malata, E. (eds),Palaeotec-
tonic Evolution of the Outer Carpathian and Pieniny Klippen
Belt Basins. Instytut Nauk Geologicznych, Uniwersytet
Jagiellonski, Krakow, pp. 111-126. [In Polish, with English
abstract.]

Stomka, T. & Stomka, E., 2001. Sequences of the lithofacies and
depositional intervals in the Godula Beds of the Polish Outer
Carpathians. Annales Societatis Geologorum Poloniae, 71:
35-42.

Stow, D. A. V., Reading, H. G. & Collinson, J. D., 1998. Deep
seas. In: Reading H. G. (ed.) Sedimentary Environments:
Processes, Facies and Stratigraphy. Blackwell Science,
Cambridge, pp. 395-453.

Stranik, Z., Mencik, E., Elias, M. & Adamek, J., 1993. FlySové pas-
mo Zapadnich Karpat, autochtonni mesozoikum a paleogén
na Moraveé a ve Slezsku. In: Pfichystal, A., Obstovd, V. &
Suk, M. (eds), Geologie Moravy a Slezska. Moravské zemské
muzeum a sekce geologickych véd Ptirodovédecké fakulty
Masarykovy univerzity, Bro, pp. 107-122. [In Czech.]

Strzebonski, P., 2015. Late Cretaceous—Early Paleogene san-
dy-to-gravelly debris flows and their sediments in the Silesian
Basin of the Alpine Tethys (Western Outer Carpathians,
Istebna Formation). Geological Quarterly, 59: 195-214.

Simi¢ek, D. & Babek, O., 2013. Terénni gamaspektrometricka
charakteristika psamitd godulského souvrstvi: Vyuziti pro in-
terpretaci jejich vzniku. Geologické vyzkumy na Moravé a ve
Slezsku, 20: 100-106.

Slaczka, A., ed., 1986. Atlas of Paleotransport of Detrital
Sediments in the Carpathian-Balkan Mountain System.
Part 1I: Cenomanian—Senonian.
Institute, Budapest.

Slaczka, A., Kruglov, S., Golonka, J., Oszczypko, N. & Popadyuk,
1., 2006. Geology and hydrocarbons resources of the Outer
Carpathians, Poland, Slovakia, and Ukraine: General
geology. In: Golonka, J. & Picha, F. J. (eds), The Carpathians
and their foreland: Geology and hydrocarbon resources.

Hungarian Geological

American Association of Petroleum Geologists, Memoir, 84:
221-258.

Slqczka, A., Oszczypko, N., Malata, E. & Cieszkowski, M., 1999.
An early history of the Outer Carpathian basin. Geologica
Carpathica, 50: 170-172.

Uhlig, V., 1907. Uber die tektonik der Karpaten. Sitzungsberichte
der  Osterreichischen —Akademie der Wissenschaften.
Mathematisch-Naturwissenschaftliche Klasse, 66 (Abtei-
lung 1), 141 pp.

Walker, R. G., 1978. Deep-water sandstone facies and submarine
fans. American Association of Petroleum Geologists, Bulletin,
62: 932-966.






	_GoBack

