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ABSTRACT

The thick-bedded complex of the Szydtowiec sandstones belongs to the lithological succession of the Subsilesian sedimentary area
in the Polish Outer Carpathians. These sandstones contain abundant carbonate biogenic fragments, redeposited from shallower
parts of the basin. Their Paleocene age is documented by autochthonous assemblages of agglutinated foraminifera as well as by
the microflora occurring within the limestone clasts. The Szydtowiec sandstones in its type locality (locus typicus) at Szydtowiec in
the vicinity of Wadowice forms, together with the Gorzen sandstones, an isolated block surrounded by deformed flysch of the Oligo-
cene-Miocene Krosno Formation, and contains shale clasts of older deposits. According to our results this block represents an oli-
stolith which slided into the Skole part of the Menilite-Krosno basin during the Late Oligocene/Early Miocene deformational phase
linked to the development of the Carpathian accretionary prism.

1. INTRODUCTION

The Polish Outer Carpathians (Fig. 1a) are built up from
thrusted and imbricated Upper Jurassic to Neogene flysch se-
diments which were deposited in several sedimentary basins
(Slaczka et al, 2006; Golonka et al., 2009 and references the-
rein): the Magura, Dukla (Fore-Magura), Silesian, and Skole
basins. These basins were separated from each other by rid-
ges characterized by distinctive depositional areas, e.g. the
Subsilesian sedimentary area (Fig. 2). During the Miocene oro-
genic movements, the deposits filling the Outer Carpathian
basins were folded, uprooted from their basement, and thrust
one upon another as nappes. The following Outer Carpathian
nappes have been distinguished: the Magura Nappe, the Fore-
Magura group of nappes, and the Silesian, Subsilesian and
Skole nappes (Fig. 1a). The outer allochthonous nappes are
thrust over the Carpathian Foredeep. The Magura Nappe is se-
parated by the Pieniny Klippen Belt from the Inner Carpathians.

The aim of this study is to investigate the exact position of
the Szydtowiec sandstones within the Carpathian basins and
the Carpathian nappe system. Special attention was given to
the olistolithic nature of this sandstone. The authors also re-
fine its stratigraphic position within the Carpathian flysch suc-
cessions.

2. STUDY AREA AND GEOLOGICAL SETTING

The investigated region is located southeast of Krakéw in
the vicinity of Wadowice. The Silesian Nappe constitutes the
major tectonic unit in this area. Its northern border with the
Subsilesian Nappe and the Skole Nappe is clearly tectonic,
but reshaped due to erosion. The northern part is built by Cre-
taceous rocks, mainly by sandstones of the Godula Formation
(Golonka and Waskows$ka-Oliwa, 2007). The southern zone
forms a large syncline with the Eocene-Oligocene Menilite and

Krosno formations. This nappe border displays a significant off-
set along the Skawa fault zone. The eastern part of the nappe
is located 10 km north of the western part (Cieszkowski et al.,
2006; Golonka et al., 2009). The western part is thrusted over
the Subsilesian and Skole nappes.

Several imbricated folds build up the Subsilesian Nappe, which
occurs along the northern margin of the Silesian Nappe, as
well as in tectonic windows within this nappe (Figs. 1a, 2). In
the Andrychéw area west of Wadowice several blocks known
as Andrychow Klippen contain crystalline rocks as well as Ju-
rassic, Cretaceous and Paleogene limestones (Fig. 1b). Tradi-
tionally, they were considered as tectonic slices linked to the
Silesian Nappe. More recently, an interpretation as olistostro-
mes was put forward (Slaczka et al., 2006; Golonka and Kro-
bicki 2006a, b, c; Cieszkowski et al., 2009a, b and references
therein).

The relationship between the Silesian and Skole nappes in
the area of Wadowice and Andrychéw remains somewhat spe-
culative. The tectonic unit located north of Andrychéw and Wa-
dowice contains deposits of the basinal and slope part of the
Skole Basin as well as deposits originating within the Subsi-
lesian sedimentary area (Fig. 2). Ksigzkiewicz (1951a, b) des-
cribed these rocks as so-called outer flysch and later included
them into the Subsilesian Nappe (Ksiazkiewicz, 1977), but other
authors attribute these rocks to the Skole Unit (e.g. Nemcok
and Poprawa, 1988-1989). Besides that controversy, some of
these bodies may be interpreted as huge olistoliths within the
Neogene deposits in the frontal part of the Outer Carpathians
as outlined by Golonka et al. (2009).

The investigated Szydtowiec sandstones occur in the sou-
thern outskirts of Wadowice (Fig. 1b), and are attributed to the
Subsilesian Ridge, which was active since the Late Cretace-
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FIGURE 1: 1a. Location of the study area (grey ellipse) on the tec-
tonic sketch-map of the Polish sector of the Carpathians. 1b. Position
of the Szydtowiec — Gorzen block and Andrychéw Klippes in the sur-
rounding of Wadowice.
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ous, separating the Skole and Silesian basins (Fig. 2). Abun-
dant fragments of biogenic carbonate rocks were redeposited
from the shallower parts of the sedimentary basin and interve-
ning ridges, and form a characteristic feature of these rocks.
For a long time the age of the Szydtowiec sandstones was in-
terpreted as Maastrichtian (Bieda, 1946, 1948; Gerochet al.,
1967; Ksiazkiewicz, 1951b, 1977; Sokotowski, 1972). This view
changes due to new micropalaeontological studies presented
below, which indicate a Paleocene age of these unit.
Outcrops of the Szydtowiec sandstones are known from only
a few isolated places in the Polish Outer Carpathians. The
slopes of the Goryczkowiec (previously known as Szydtowiec)
hill in Wadowice form the largest outcrop. Other outcrops are
known from Zywiec and Wisniowa (Geroch and Gradzinski,
1955; Burtan, 1978). These outcrops of the Szydtowiec sand-
stones are located in the vicinity of tectonic windows in which
rocks of the Subsilesian Nappe crop out below the Silesian
Nappe. Therefore, this lithostrati-
graphic unit was commonly placed
within the succession of the Subsi- S
lesian unit. In the older lithostrati-
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ewicz, 1951a; Geroch and Grazinski, 1955; Burtan, 1978; Les-
niak et al., 2001, Waskowska-Oliwa, 2001; Cieszkowski and
Waskowska-Oliwa, 2002).

The Szydiowiec slice (Szydtowiec sheet) sensu Ksigzkiewicz
(1951b, 1977) was tectonically linked to the Subsilesian Nappe
occurring in a strongly deformed zone called Lanckorona-Ze-
gocina Zone. There, within several tectonic windows, deposits
representing the Subsilesian Nappe occur on the surface from
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FIGURE 5: Palinspastic cross-sections of the Outer Carpathians during Late Oligocene — Early Mio-
cene (after Cieszkowski at al., 2009a, modified).



below the Silesian Nappe. Alternatively, the Szydtowiec slice
was linked with the Skole Nappe and considered as a tectonic
outlier ("xenolith") of this nappe (Balcer and Koszarski, 1990).

3. RESuULTS
3.1 LITHOLOGY

The Szydtowiec sandstones are 150 m thick at their type lo-
cality at Wadowice (Sokotowski, 1972). The sandstones are

dominated by thick-bedded medium- to coarse-grained, con-
glomeratic sandstones (Fig. 3). Thick bedded and conglome-
ratic sandstones occur in the lower parts of beds while medi-
um and fine-grained sandstones prevail in their upper parts.
The beds are massive with amalgamation; sometimes paral-
lel and wavy lamination is visible in their upper parts. Normal
graded bedding is quite distinctive. The gravel grains vary in
size and range up to 30 cm. Quartz grains of varied degree of
roundness dominate in the sandstones. Gray biogenic carbo-
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FIGURE 2: Cross-section through the Carpathian basins during the Paleocene and sedimentary

position of Szydtowiec sandstones.
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FIGURE 3: Szydlowiec sandstones outcropped in the type locality: 1 — thick-bedded pebbly sandstone, 2 — thick- and medium bedded sandstone
flysch, 3- coarse-grained sandstone with fine pebbles, 4 — conglomerates.

abundant bryozoans, fragments of
Lamellibranchiata and gastropod
shells, spines of echinoderms, large
foraminifera and oncoids. Sometimes
the amount of carbonate clasts is sig-

nificant and dominant, and builds a




characteristic feature of this formation. Ksigzkiewicz (1951a)
highlighted this fact defining them as "bryozoan-lithothamnium"
Szydtowiec sandstones.

Glauconite and muscovite flakes also commonly occur. A
mixture of detritus from crystalline, mainly metamorphic rocks
as well as sedimentary rocks like sandstones and coals con-
stitute the coarser fractions. The sandstone cement is calca-
reous. Sandstones are interbedded with thin, green, calcare-
ous, often sandy shales. The sandstone layers display a va-
riety of trace fossils at their bottom surfaces, especially when
underlain by mudstones. Thick-bedded sandstones prevail

--

within the succession, but thin packages of thin- and medium-
layered flysch are also present. The sandstones within these
packages are siliceous, grey, quartzitic, and greenish due to
the admixture of glauconite.

3.2 AGE, POSITION WITHIN STRATIGRAPHIC SuC-
CESSION, AND SOURCE AREA

Our age analysis is based on autochthonous foraminifera
assemblages as well as on the algal material present in the
carbonate clasts of the Szydtowiec sandstones. Agglutinated
foraminifera prevail in the investigated microfossil assemblages,
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FIGURE 4: Thin-sections of Szydtowiec sandstones (1-6) and foraminifera from shaly intercalations (7-9): 1 — typical example of Szydtowiec sand-
stones with quartz, carbonate rocks fragments and bioclasts containg foraminifera, echinoderms and bryozoa, 2 —fragments of bryozoa, 3 — fragment
of echinoderm spine, 4 — fragment of red algae Corallinaceae (Archaelithothamnium sp.), 5 - fragment of Corallinaceae red algae (so-called Litho-
thamnium sp.), 6 — fragment of mollusk shell, 7, 8 — Rzehakina fissistomata (Grzybowski), 9 - Haplophragmoides mjatliukae Maslakova.



which were studied from thin muddy intercalations between
thick sandstone beds. Rzehakina fissistomata (Grzybowski)
and Haplophragmoides mjatliukae Maslakova are well repre-
sented among cosmopolitan and long-living taxa typical for Up-
per Cretaceous-Lower Paleogene deep-water deposits. These
markers occurred only in the Paleocene within the Carpathians
(Olszewska, 1997, Waskowska-Oliwa, 2008 and references
therein). Their ranges define the Paleocene biozone of Rzeha-
kina fissistomata well known in the Outer Carpathians (Ols-
zewska, 1997). Planktonic foraminifera are rare. Foraminifera
of the genus Subbotina are present in a few shale samples
and were also observed in thin sections of medium-grained
sandstones. Their range starts at the beginning of the Paleo-
gene (Olsson et al., 1999; Olszewska et al., 1996). Typical
Cretaceous planktonic forms are lacking completely.

The biogenic material preserved in the limestone clasts in-
dicates also a Paleocene age. These limestone clasts are al-
lochthonous, they were redeposited from the shallow zones
of the Subsilesian Ridge. Fragments of algal reef limestones
with abundant red algae of Corallinaceae represent the major
components of these clasts, typical for the Carpathian area
during Paleocene times (Golonka, 1974, 2011; Cieszkowski
et al., 2003, 2009; Golonka and Krobicki, 2006b; Golonka et
al., 2004, 2005, 2011). However, older Maastrichtian fossils,
mainly larger foraminifera, are also present (Bieda 1946, 1948;
Ksiazkiewicz, 1951b; Sokotowski, 1972).

3.3 POSITION AND ORIGIN OF THE WADOWIGCE
SZYDLOWIEC SANDSTONES TYPE LOGCALITY SUG-
CESSION

The character of the Szydtowiec type locality at Wadowice is
somewhat exotic compared to other Subsilesian outcrops of the
region. It belongs to an isolated outcrop 1 km? in area, built of
Paleocene deposits of the Szydtowiec and Gorzen sandstones
(both lithostratigraphic units at their type locality; Ksigzkiewicz,
1951a, b; Nowak 1963a, b; Cieszkowski and Waskowska-Oli-
wa, 2002). Other occurrences of similar sandstones were des-
cribed from the remote areas of the Zywiec and Wisniowa tec-
tonic windows (Geroch and Gradzinski, 1955; Burtan, 1974,
1978).

During our field studies we found numerous blocks of these
carbonate sandstones within the Oligocene-Miocene Krosno
Formation. They were considered as olistoliths (Cieszkowski
et al., 2009a, b), which originated during the collisional stage
of the Carpathian accretionary prism development (Golonka
et al., 2009, 2011). Two remnant flysch basins, the Magura
and Menilite-Krosno basins, were situated within the Carpathi-
an realm during Oligocene-Miocene times. The Menilite-Kros-
no basin was formed at the beginning of the Oligocene in the
area of the Dukla, Silesian, and Skole basins, and was filled
by the Menilite Formation and the Krosno Formation. The Car-
pathian accretionary prism migrated northward overriding the
Subsilesian Ridge during Oligocene-Miocene times (Fig. 5).
Older shallow-water deposits such as the Szydtowiec sand-
stones located originally at this ridge were redeposited, gliding

down into the deep-water e basinal flysch of the Krosno For-

mation. Thus, we conclude that the Szydtowiec sandstones at

their type locality represent a huge flat olistolith (olistoplaque),
which slided into the sedimentary area of the Krosno Forma-
tion during Late Oligocene to Early Miocene.

Several observations support this interpretation:

1) The Szydlowiec sandstones display a distinctly different
petrological composition than sandstones from the Krosno
Formation; they are weathering resistant and the block is
well distinguished in morphology.

2) Mapping indicates that the block is underlain and surroun-
ded by flysch deposits of the Krosno Formation (Ksigzkie-
wicz, 1972).

3) The block is rigid and not folded like the surrounding rela-
tively soft flysch rocks.

=

The Szydtowiec sandstones occur next to chaotic flysch de-
posits representing debris flows with shale and sandstones
matrix containing clasts of variegated shales and soft marls.
The foraminifera from these clasts allowed univocal age
determination displaying a variety of assemblages. Typical
Campanian-Mastrichtian assemblages with a microfauna
deposited in slope environments occur together with a Pa-
leocene microfauna representing mixed deep- and shallow-
water environments.

o

Some sandstones within the Krosno Formation surrounding
the Szydtowiec block contain clasts of green shales (Ksigz-
kiewicz, 1956) a few centimeters in size. The agglutinated
foraminifera assemblages found in these shales indicate a
Middle Eocene age (Ammodiscus latus zone, see also
Ksigzkiewicz, 1956).

The flysch of the Oligocene-Miocene Krosno Formation cons-
titutes the matrix for olistolithic blocks including the large Szydo-
wiec sandstones olistolith. Several other Jurassic, Cretaceous
and Paleocene limestone blocks were found within the Krosno
Formation west from Wadowice in the Andrychow area (Ols-
zewska et al., 2010) (Fig. 1b), known as Andrychéw Klippen
(Slaczka et al, 2006, Golonka and Krobicki, 2006a,b,c). These
blocks, interpreted as olistoliths, represent shallow water plat-
form, ridge, slope and basinal facies including organodetritic
Paleocene algal limestones similar to the Szydtowiec sand-
stones. The Szydtowiec block belongs therefore to the same
type of olistostromes as the Andrychow olistoliths (Andrychow
Klippen).

4. CONCLUSIONS

The Szydtowiec sandstones constitute a characteristic litho-
some occurring within scattered outcrops in the western part
of the Polish Outer Carpathians. Its Paleocene age is docu-
mented by agglutinated foraminifera as well as by fossils such
as abundant coralline algae occurring within carbonate clasts.
The Szydtowiec block at Wadowice represents the type loca-
lity of the Szydtowiec sandstones. It displays olistolithic fea-
tures documented by its position in the Oligocene-Miocene
Krosno Formation. The shallow-water sandstone blocks slid
towards the Skole part of the Menilite-Krosno Basin during



tectonic shortening in the Carpathian accretionary prism in
Oligocene-Miocene times.
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