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The Gdów “embayment” is the most pro nounced de flec tion along the north ern bound ary of the Carpathians. It is filled by the
sandy clay de pos its which used to be named the Skawina For ma tion or Chodenice beds or, lo cally, con glom er ates (of Sypka
Góra). Their strati graphic po si tion ac cord ing to stud ies of foraminifers had been de ter mined as Badenian. New re sults ob -
tained from micropalaeontological ma te rial sam pled at three ex po sures near Wiatowice, Jawczyce (Giewont) and Gdów
(Sypka Góra), and based on bore holes, in di cate a much youn ger age of for the de pos its in fill ing the Gdów “embayment”.
These stud ies show that the sur face de pos its are not older than Late Sarmatian/Pannonian (Serravalian/Tortonian). They
also sug gest a much later time for the last stages of the thrust ing of the Carpathian Moun tains over the Carpathian Foredeep. 

Key words: Carpathian orogenic front, Carpathian Foredeep, Neo gene ba sin, Mio cene, Sarmatian, Pannonian, Gdów
“embayment”. 

INTRODUCTION 

Vari a tions in the West ern Carpathians overthrust led to the
iden ti fi ca tion of the “embayments” (of Gdów, Wojnicz, Pilzno,
Rzeszów), which are clearly marked on the tec tonic map of the
Carpathians (¯ytko et al., 1989). The “embayment” of Gdów ap -
pears most clearly along the north ern bor der of the Carpathians 
and cov ers the area be tween Wieliczka and Bochnia, where the 
mar gin of the Carpathians turns to the south (Fig. 1), and was
first no ticed by NiedŸwiedzki (1883, 1884). At the fringe of the
Gdów “embayment” there are salt mines at Wieliczka and
Bochnia, while in the cen tre there is a non-op er at ing mine at
£ê¿kowice-Siedlec (Garlicki, 1960, 1994). The south ern bor der
of the “embayment” is marked by the overthrust of the
Carpathian Flysch (Subsilesian Nappe) and the north ern bor -
der by the overthrust of the Zg³obice Nappe on the auto -
chthonous Mio cene suc ces sion of the Carpathian Foredeep
(Poborski and Jawor, 1987; Fig. 2). The age of the de pos its fill -
ing the “embayment” has un til now been poorly con strained,

and their strati graphic clas si fi ca tion has been de bat able. Ac -
cord ing to ear lier views, the “embayment” is infilled with tec toni -
cally dis turbed Mio cene strata re ferred to the Skawina For ma -
tion (Burtan, 1956; Alexandrowicz, 1964; Doktor, 1983; Buko -
wski et al., 2010), based on a lack of evaporite de pos its in bore -
holes and on tec tonic mod els, e.g. of Po³towicz (1962, 2004) or
Poborski and Jawor (1987). Their age, de ter mined on the ba sis
of micro fauna, was stated to be Lower Badenian (£uczko wska,
1955, 1978; Alexandrowicz, 1964), or as late as the Mid dle and
Up per Badenian (Po³towicz, 2004), which led to dis tin guish ing
the Chodenice and Grabowiec beds. 

REVIEW OF CURRENT STUDIES 

The re gion of the Gdów ”embayment” has aroused in ter est
be cause of the pos si bil ity of salt and bi tu men de pos its in the
area. In pros pect ing for these, sev eral deep bore holes have
been drilled (Fig. 2; Po³towicz, 1962, 1991, 2004; Moryc, 1979a, 
b, 1976; Poborski and Jawor, 1987). Up to 1200 m of thick Neo -
gene de pos its com pris ing clays and claystones, with in ter ca la -
tions of sands and sand stones, were pen e trated by these bore -
holes (Moryc, 1970a, b, 1976). No evaporite de pos its were
found in the bore holes lo cated south of the £ê¿kowice-Siedlec
salt de posit up to the mar gin of the Carpathian overthrust. This
sed i men tary pat tern was the rea son for the age of sed i ments
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fill ing the Gdów “embayment” be ing in ter preted as older than
the evaporite suc ces sion (Garlicki, 1960; Olewicz, 1968; Po -
borski and Jawor, 1987; Po³towicz, 2004). The re sults of micro -
palaeonto logical stud ies also in di cated such an age (£uczko -
wska, 1955, 1958; Kirchner, 1956; Alexandrowicz, 1961).
Kirchner (1956), based on microfaunal anal y ses, stated that the 
strata drilled were Lower Badenian in age. These were over lain
by Mid dle and Up per Badenian strata con tain ing de rived from
Lower Badenian fos sils. In his later works, Po³towicz (2004)
noted that the Lower Badenian de pos its are thin, with the over -
ly ing strata that rep re sent the Chodenice and Grabowiec beds
con tain ing the re de pos ited Early Badenian micro fauna. Ole -
wicz (1968, 1973) in cluded the en tire suc ces sion of the Gdów
“embayment” within the autochthonous strata of the Carpathian 
Foredeep. Po³towicz (1962) ini tially con sid ered that these were
wholly autochthonous de pos its, of Lower Badenian age. Ac -
cord ing to Olewicz (1973) and Po³towicz (1991), in the south ern 
part of the Gdów “embayment”, autochthonous Lower Bade -
nian de pos its have been up lifted to the sur face in the form of a
tec tonic win dow. Poborski and Jawor (1987) and Po³towicz
(1991), based on bore holes and on geo phys i cal data, found
that in the base ment of the Mio cene of the Gdów “embayment”
there are re verse faults that con tinue into the Mio cene de pos its. 
£añcucka -Œrodoniowa (1963, 1966) de scribed plant re mains
from bore holes in the area of the Gdów “embayment” and in its
vi cin ity (Fig. 2). Palynological stud ies were also car ried out on
bore hole ma te rial from Suchoraba and K³aj. £añcucka -Œrodo -
niowa (1966) stated that the flora of the “embayment” has more
in com mon with the Sarmatian flora of Stare Gliwice than with
the flo ras stud ied in the vi cin ity of Wieliczka, which she thought
were older. How ever, she rec og nized (£añcucka -Œrodoniowa,
1966) that the micropalaeontological de ter mi na tions made by

£uczkowska (1955, 1958), Kirchner (1956) and Alexandrowicz
(1961) were more re li able and sup ported an Early Badenian
age for these de pos its. 

Palynological anal y sis of clays from Stare Gliwice made by
Oszast (1960) in di cated great sim i lar ity to the pol len spec tra of
de pos its from the K³aj 1 bore hole (lo cated north of the study
area) and their age was de ter mined as Late Mio cene. The de -
pos its from the K³aj 1 bore hole were stud ied micro palaeonto -
logically by Kirchner (1956, 1962), and a spore-pol len anal y sis
was made by Kita (1963), who found that the pol len spec trum
in di cates a Late Mio cene age. 

Stud ies of the salt de pos its have been con cen trated along
the north ern part of the Gdów “embayment”, com pris ing those
of “Wieliczka and £ê¿kowice-Siedlec”, where Garlicki (1960,
1961) and oth ers ex am ined the evaporite suc ces sion and dis -
tin guished the Up per Badenian Wieliczka For ma tion (Garlicki,
1979). Based on micropalaeontological stud ies, the salt de pos -
its at Wieliczka have been re ferred to the lower part of the NN6
Zone (Up per Badenian). The over ly ing Chodenice beds in
Su³ ków Quarry (in the north ern part of the Gdów “embayment”),
based on the oc cur rence of  Calcidiscus leptoporus, C. macin -
tyrei, Helicosphaera carteri, Reticulofenestra pseudoumbilicus,
Sphenolithus abies, Discoaster kugleri, Scyphosphaera am -
phora and Braarudosphaera bigelowii,  have been as signed
into the Up per Badenian NN6-NN7 zone (Andreyeva -Grigoro -
vich et al., 2003). Very poor nannoplankton as sem blages with
Cocco l ithus pelagicus, Coccolithus miopelagicus, Calcidiscus
leptoporus, Reticulofenestra pseudoumbilicus, Reticulofene -
stra spp. (small forms), Helicosphaera carteri and Umbili -
cosphaera rotula have been found in the Chodenice beds in
Gierczyce brickyard (in the east ern part of Gdów “embay ment”).  
The foraminifer as sem blage from the Chode nice beds in
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Fig. 1. Set ting of the “embayment” within the tec tonic scheme of the Carpathians (af ter ¯ytko et al., 1989, mod i fied) 
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Su³ków Quarry con tains spe cies char ac ter is tic of the Up per
Bade nian, but in the case of the Gierczyce brickyard  it is not
pos si ble to pre cisely de ter mine the age (Andreyeva- Grigoro -
vich et al., 2003). Geo phys i cal stud ies (mag netic and seis mic)
have also been car ried out. Con sid er ing seis mic data from the
area of the Carpathian Foredeep, Krzywiec and Verges (2007)
and Krzywiec et al. (2012) hy poth es ised that dis tur bances in
the zone of the overthrust of the Zg³obice Nappe may be as so -
ci ated with a hy poth e sized tec tonic wedge. In the Mio cene suc -
ces sion of the Gdów “embay ment”, tuffites have been re corded
(Burtan, 1956; Garlicki, 1960; Po³towicz, 1962), which sug -
gested that the “embayment” was infilled with sed i ments that
were re lated to the Chodenice and Grabowiec beds, in which
oc cur rences of tuffite are rel a tively fre quent. Bukowski et al.
(2010) dated tuffites in the vi cin ity of Wiatowice at 13.76 Ma, as -
so ci at ing them with tuffites in the Skawina beds. 

In the area of Stadniki near Gdów the coarse clastic de pos -
its known as the Gdów beds (Burtan and Wójcik, 2017) or as
the Sypka Góra con glom er ates (Doktor, 1987) oc cur. These
were stud ied ear lier by Burtan (1956, 1964), Alexandrowicz
(1964) and Doktor (1983, 1987). They were in ter preted as fan
delta sed i ments de pos ited in the coastal zone. Drill ing in

Stadniki has shown that they ex tend south wards, be neath the
Carpathian overthrust (Po³towicz, 2004), and are of con sid er -
able thick ness, reach ing ~500 m. 

In the light of this data, the ques tion arises as to why the
strata of the Gdów “embayment” are in cluded into the Lower
Badenian Skawina For ma tion? The lack of an evaporite unit can
be ex plained by in vok ing a lo cal el e va tion or by a lack of sed i -
men ta tion dur ing the Early and Mid dle Badenian, as is as sumed
for the Rzeszów area (Komorowska-B³aszczyñska, 1965).

MATERIALS AND METHODS 

The ma te rial for our pa per was col lected dur ing field work for
a De tailed Geo log i cal Map of Po land and dur ing field ob ser va -
tions of dry flood-con trol res er voirs in the Raba catch ment of the
Wiatowice-Niegowiæ re gion (Fig. 2). We found that the strata pre -
vi ously in cluded within the Skawina For ma tion dif fer from this for -
ma tion lithologically be cause they con tain coarse clastic ma te -
rial. To clar ify their po si tion and age, sam ples were taken for
micropalaeontological ex am i na tion (cal car e ous nanno plankton
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Fig. 2. Lo ca tion of the bore holes and se lected ex po sures in the west ern part of the Gdów “embayment” 
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and foraminifera). As part of the geo log i cal stud ies, sedimento -
logical ob ser va tions and de tailed log ging of the bore holes were
per formed. Ear lier logs of deep bore holes and of geotechnical
bore holes have been also used in the cur rent work. 

Ma te rial for ex am i na tion was sam pled from: sur face ex po -
sures near Wiatowice, Jawczyce (Giewont) and Gdów (Sypka
Góra), and from shal low bore holes in the area of Niegowiæ (Fig.
2). The ma te rial col lected were sub ject to micropalaeontolo -
gical anal y ses of cal car e ous nannoplankton and foraminifer as -
sem blages. All sam ples were col lected from the up per most part 
of the Mio cene suc ces sion of the Zg³obice Nappe in fill ing the
Gdów “embayment”.

Smear slides for the nannoplankton stud ies were pre pared
ac cord ing to the method de scribed by Báldi-Beke (1984). For
light mi cro scope ex am i na tion, a fine aque ous sus pen sion of the 
rock was spread out on a glass slide. Af ter stir ring, a short pe -
riod of set tling and dry ing, the mi cro scope slide was cov ered
with Can ada bal sam and a cover glass. The slides were in -
spected with a Nikon Eclipse LV100POL light mi cro scope at
1000x mag ni fi ca tion. Pho to graphs were taken un der the light
mi cro scope us ing a Nikon DS-Fi1 cam era. Foraminifera stud -
ies were per formed on sam ples treated with wa ter, washed and
dried in an oven. Pho to graphs of se lected spe cies were taken
by SEM. 

RESULTS AND DISCUSSION 

WIATOWICE-NIEGOWIÆ AREA

In the re gion of Wiatowice (the mid dle part of the Gdów
“embayment”; Fig. 2), Mio cene de pos its show up in two ex po -
sures (Figs. 2 and 3) on the west side of the £ysa Góra, along
the Królewski Potok Stream. One of these, lo cated far ther

south, on the left side of the Królewski Potok Val ley, was stud -
ied by Alexandrowicz (1964). Here there are ex posed mainly
sands, with lo cally sandy grav els con tain ing mol lusc shell de tri -
tus, in places strongly ce mented as dif fer ent sized lenses. The
sands are interlayered with sandy and clayey silts. The gravel
ma te rial is dom i nated by sand stone clasts of Carpathian or i gin
(Alexandrowicz, 1964). These lay ers dip to the north at an an gle 
of 20o. The sands have been lo cally ex ploited, and litholo gically
they are sim i lar to the Bogucice and Rajsko sands.

North of the ex po sure de scribed by Alexandrowicz (1964)
and Doktor (1987) and west of the tuffite ex po sure de scribed by
Bukowski et al. (2010), on the lower part of the £ysa Góra slope, 
there is a small ex po sure made dur ing the con struc tion of a
henhouse (Fig. 3, Wiatowice N). There are three sed i men tary
units in the ex po sure: the up per one con sists of interlayered
clays and sandy silts (a); the mid dle one con tains grav els and
sands (b); and the lower one con sists of strat i fied sands (c). The 
ex po sure pro file in Wiatowice (near the henhouse) in de tail is as 
fol lows (from the top) (Figs. 3 and 4): 

– 0.0–1.5 m – interlayered fine sands and sandy silts with grey 
cal car e ous clays, as lay ers mostly 1–3 cm, and up to 15 cm, 
thick; the whole unit is char ac ter ized by hor i zon tal lay er ing
and sug gests sed i men ta tion on the gently in clined slope of
a delta; 

– 1.5–2.1 m – grav els and sands of var i ous grain sizes, poorly 
sorted with scat tered grain skel e ton; the lower sur face is un -
even, char ac ter ized by shal low chutes due to wash ing-out
as so ci ated with ero sion of the un der ly ing sands; in the
troughs there are clus ters of me dium-sized peb bles (Figs. 3
and 4). The gravel com po si tion is dom i nated by sand stone
clasts (up to 20 cm across) orig i nat ing from the ero sion of
the Carpathians with a large pro por tion of light-col oured
tuffite peb bles, orig i nat ing prob a bly from ero sion of Mio cene 
strata of the Skawina beds; 
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Fig. 3. Sche matic pro file along the west ern slopes of £ysa Góra in Wiatowice, and part of the pro file with sam pling sites
 for palaeontological ex am i na tion



– 2.1–4.6 m – hor i zon tally bed ded sands of vary ing grain size, 
with ir reg u lar gravel lay ers and shell re mains on the lower
sur face and at the top (Fig. 3); it also in cludes interbeds of
claystone. 
In the Wiatowice area, south of the ex po sures de scribed,

Burtan (1956) ob served tuffite ex po sures, which are cur rently
not vis i ble. The tuffites de scribed by Bukowski et al. (2010) lie at 
a sim i lar top o graphic el e va tion to that of we de scribed in this
sec tion. It is un clear whether the dated tuffites are of in situ or i -
gin or were re de pos ited.

In the site de scribed by us, lo cated ~0.1 km to the west from 
dated tuffites, we have clear ev i dence that the tuffite boul ders
are re de pos ited.

The sam ples taken for micropalaeontological anal y sis re -
vealed a rich and di verse cal car e ous nannofossil as sem blage
dom i nated by re de pos ited spe cies from the Paleogene and
less com monly from the Late Cre ta ceous. A large pro por tion of
re de pos ited spe cies, the pres ence of nu mer ous coccolith frag -
ments, the poor pres er va tion (in prin ci ple it is not pos si ble to
dis tin guish re de pos ited spe cies from autochthonous ones, es -
pe cially in the case of forms with a long strati graphic range) in -
di cate trans por ta tion and re-work ing of the sed i ment, per haps
re peat edly. The autochthonous Mio cene spe cies are an in sig -
nif i cant el e ment of the as sem blage due to the shal low con di -
tions and fresh wa ter in flux as well as to the re work ing of older
Mio cene spe cies. In the sam ple taken from the youn gest lev els
of the north ern ex po sure (layer a, sam ple W1; Fig. 3), the as -
sem blage con sists mainly of long-rang ing spe cies, such as:
Braarudo sphaera bigelowii (Gran et Braarud) Deflandre,
Cocco lithus pelagicus (Wallich) Schiller, Cyclicargolithus flori -
danus (Roth et Hay) Bukry, Discoaster deflandrei Bramlette et
Wilcoxon, Helicosphaera carteri (Wallich) Kamptner, H. inter -
media Mar tini, H. walbersdorfensis Müller, Pontosphaera multi -
pora (Kamptner) Roth, Reticulofenestra pseudoumbilicus Gart -
ner, Sphenolithus moriformis (Brõnnimann et Stradner) Bram -
lette et Wilcoxon, S. abies Deflandre and S. heteromorphus
Deflan dre and Umbilicosphaera rotula (Kamptner) Varol. The
co-oc cur rence of Helicosphaera walbersdor fensis and S.
hetero morphus sug gest the Lower Badenian NN5b Subzone
(Andreyeva-Grigorovich et al., 2001) and MNN5b Subzone in
the Med i ter ra nean re gion (Fornaciari and Rio, 1996). In a sand
sam ple (layer c, sam ple W2; Fig. 3), the Mio cene as sem blage
is even more de pleted. Be sides C. pelagicus, Cy. floridanus, H.
carteri, P. multipora, R. pseudo umbilicus, S. heteromorphus

and U. rotula the Rhabdosphaera spe cies [Rhabdosphaera
procera Mar tini and Rh. siccus (Stradner) Fuchs et Stradner]
were re corded. The oc cur rence of S. heteromorphus sug gests
that this sam ple is not older than the Lower Badenian. The NN5
Zone is de fined as the in ter val be tween the last oc cur rence
(LO) of Helicosphaera ampliaperta Bramlette et Wilcoxon (the
bot tom part of the Zone) and the LO of S. heteromorphus (the
top part) in Mar tini’s scheme (1971). It was re corded in the
Skawina beds which un der lie the evap o rate ho ri zon in the Pol -
ish part of the Carpathian Foredeep (e.g., Mar tini, 1977; Du -
dziak and £aptaœ, 1991; Peryt, 1997; Garecka and Jugowiec,
1999; Andreyeva-Grigorovich et al., 2003; Gare cka, 2014;
GaŸdzicka, 2015; Wójcik et al., 2015; Nosowska et al., 2019;
Pilarz, 2019) and in bore holes in the Carpathians be tween the
Cieszyn and Sucha ar eas (Garecka et al., 1996). The up per -
most part of these beds be longs in the NN6 zone (e.g.,
Andreyeva-Grigorovich et al., 1997, 2003; Gare cka, 2014). In
the Gdów “embayment” area no cal car e ous nannoplankton as -
sem blages cor re spond ing to the NN5 Zone have been found so 
far. The sam ples in ves ti gated from the Wiatowice-Niegowiæ
area (sam ples W1 and W2) con sist of many dam aged, in dis tin -
guish able el e ments of cocco liths, with scarce (or even ab sent)
di ag nos tic Mid dle Mio cene spe cies, and a large abun dance of
re de pos ited, mainly Paleo gene, spe cies and much terrigenous
ma te rial. Char ac ter is tic Mid dle Mio cene Discoaster spe cies,
such as D. variabilis, D. exilis, D. deflandrei and D. musicus did
not oc cur or oc cur very rarely, mainly as frag ments of arms. The 
abun dant re de pos ited cocco liths and their dam aged state, to -
gether with terrigenous ma te rial with or ganic frag ments, in di -
cate un fa vour able con di tions for the de vel op ment of cocco -
lithophores, such as changes in eustatic sea level, tec tonic ac -
tiv ity of the Carpathian orogen, a shal low en vi ron ment with low
wa ter clar ity, and mix ing and de struc tion dur ing trans port. In a
sam ple taken from the south ern ex po sure (sam ple W3; Fig. 3),
rare Mio cene spe cies (one Mio cene spe cies in ev ery 10 or
more fields of view) were found. In ad di tion to the spe cies found
in the sam ples from the north ern ex po sure, the fol low ing spe -
cies were pres ent: Calcidiscus macintyrei, Coronocyclus nites -
cens, D. kugleri, D. musicus, D. cf. variabilis and Umbilico -
sphaera jafarii. These are very poorly and poorly pre served, but
the oc cur rence of the in dex taxon Discoaster kugleri sug gests
the NN7 Zone. The use ful ness of the first oc cur rence of this
spe cies as a zonal marker is prob lem atic. In badly pre served
ma te rial it is dif fi cult to dis tin guish D. kugleri from other sim i lar
discoasters. Discoaster spe cies, in clud ing Discoaster kugleri,
are never nu mer ous in the Pol ish seg ment of Para tethys
(GaŸdzicka, 1994; Wójcik and Jugo wiec, 1998; Andreye va -
-Grigorovich et al., 2003; Garecka and Olszewska, 2011). Usu -
ally one spec i men, rarely two or more, were found in a sam ple
(Garecka in Studencka et al., 2017). The sin gle spec i men of D.
kugleri in the Pecten Beds at Ma chów sug gests rede position,
ac cord ing to GaŸdzicka (1994). De Kaenel et al. (2017) de vised 
the Discoaster kugleri group to which taxa with a large, mostly
fea ture less cen tral area and rays with sim ple ter mi na tions were
as signed. Based on ray length and mor phol ogy, and strati -
graphic range, three taxa are in cluded within this group (see de
Kaenel et al., 2017). One of these is D. kugleri with very short ta -
pered rays and slightly notched tips. The sec ond is D. hexa -
pleuros with a hex ag o nal cen tral area, the pres ence or ab sence 
of a dis tal knob (a stellate cen tral knob with its points di rected
to wards the arms; Theo doridis, 1984) and par al lel-sided rays.
The third is D. cuspidatus with long ta pered rays. The spe cies
shown in Fig ure 5H re sem bles forms iden ti fied in sam ples from
Przec³aw brickyard (Studencka et al., 2017) which was in cluded 
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into the Discoaster kugleri group ac cord ing to de Kaenel et al.
(2017). Ac cord ing to Vass (1999) the ex treme rar ity of D.
kugleri in di cates con di tions un der which ma rine nannoflora
could not thrive. 

The iden ti fi ca tion of discoasters is prob lem atic or even dif fi -
cult be cause of the ease with which they are dam aged dur ing
trans port and be cause cal cite overgrowths are com mon on the
tests (Peryt and Peryt, 1994; Báldi, 2006). In the sam ples ana -
lysed sig nif i cant dis in te gra tion of the spec i mens was ob served.
Many frag ments of coccoliths (plates) of in de ter mi nate tax o -
nomic af fil i a tion were found as back ground for the few, me -
chan i cally dam aged, de formed, or ange-brown stained cocco -
liths with crys tal overgrowths that rep re sent Mio cene spe cies.
With such ma te rial, it is dif fi cult to reach an un equiv o cal strati -
graphic in ter pre ta tion. The pres ence of Discoaster kugleri,
char ac ter is tic of the NN7 Zone (e.g., Garecka and Olszewska,
2011; Studencka et al., 2017), in the sam ple from the south ern
ex po sure (Fig. 3) sug gests a youn ger age for these de pos its.
Discoasters are typ i cal of warm open oce anic en vi ron ments in
trop i cal and sub trop i cal ar eas. Among them are forms such as
Discoaster deflandrei, D. exilis and D. variabilis which are more
tol er ant and also oc cur in tem per ate wa ters (Chira and
Mãrunteanu, 1999). The scarce oc cur rence of lat i tu di nally-con -
trolled discoaster spe cies sug gests not only tem per ate wa ters
but also a coastal en vi ron ment (Æoriæ and Hohenegger, 2008).
They are more com mon in the Med i ter ra nean than in the more
iso lated Paratethys. The very rare oc cur rence of D. kugleri was
noted by Mãrunteanu (1999) in the lower part of the Sipotel For -
ma tion of the Subcarpathian In ner Zone (Ro ma nia) within a
poor cal car e ous nannoplankton as sem blage of the NN7 Zone.
The CNM10 (D. kugleri To tal Range Zone) of Backman et al.
(2012) is char ac ter ized by the oc cur rence of D. kugleri. The in -
ter val of com mon and con tin u ous pres ence of D. kugleri has
been ob served in the trop i cal Pa cific, mid-lat i tude north ern and
trop i cal At lan tic and the Med i ter ra nean (Raffi et al., 1995;
Backman and Raffi, 1997). Theodoridis (1984) noted that D.
kugleri is ab sent in the Med i ter ra nean sec tions stud ied. Ac cord -
ing to Švábenická (2002), epicontinental ma rine sed i ments
con tain smaller and less nu mer ous spec i mens than oce anic
sed i ments. Mar tini (1977) also drew at ten tion to the small size
of some spe cies while study ing the Mid dle Mio cene de pos its of
the Korytnica Ba sin (Holy Cross Moun tains). The high pro por -
tion of re de pos ited nannofossil spe cies and of dam aged cocco -
liths, the scar city (or ab sence) of some Mio cene in dex spe cies
and the mainly poorly state of pres er va tion sug gest terrigenous
sup ply into the ba sin and an un sta ble shal low en vi ron ment
(Garecka and Olszewska, 2011).

These de pos its can be in ter preted as rep re sent ing the dis -
tal part of the delta in a rel a tively shal low ba sin sub ject to sub si -
dence. Bukowski et al. (2010) ob tained the date of 13.76 Ma for
the tuffite from Wiatowice and as sumed that the strata in this
area cor re spond to the Skawina beds. From the pres ence of
tuffite peb bles in the newly ex posed pro file, it can be in ferred
that the tuffites may be re de pos ited. There fore, not only the
strata of which the Carpathians are built, but also the youn ger
Mio cene de pos its lo cated south of the Gdów “embayment”
have been sub ject to ero sion. Near the ex po sures in Wiatowice
de scribed, three deep bore holes have been drilled: Wiatowice
1, 2 and 3, lo cated on dif fer ent tec tonic el e ments (Fig. 2). In the
Wiatowice 1 drill ing, the Mio cene de pos its were 514.5 m thick.
Olewicz (1952) de scribed these de pos its as the mid dle part of
the “2nd sandy-clay se ries” (one of the sed i men tary units be low
the salt level dis tin guished by him), within which he in di cated
the pres ence of lig nites at depths of 259, 265, 327 and 402 m.
The bot tom part of this unit is more sandy. These strata there -

fore seem to have been de pos ited in a rel a tively shal low ba sin
sub ject to con stant sub si dence that filled rather quickly. In the
nearby Wiatowice 3 bore hole, Mio cene de pos its were drilled to
a depth of 824.0 m. They were de scribed as steel-grey clays
and clayey shales with sand and sand stone interlayers (Górka
and Dulniawka, 1971). Such vari a tion in thick ness over a short
dis tance can be ex plained by syn-sed i men tary and post-sed i -
men tary tec tonic move ments.

South of the ex po sures in Wiatowice, three geotechnical
holes were drilled in Niegowiæ (Fig. 2; Kos et al., 2016) into clays 
interbedded with sands at the val ley bot tom. Pre lim i nary re sults
of micropalaeontological stud ies (cal car e ous nanno plankton)
from the Niegowiæ W-1, W-2 and W-3 bore holes show sim i lar i -
ties to the as sem blages from Wiatowice. Re de pos ited spe cies
from the Paleogene and Cre ta ceous (forms char ac ter is tic of
Carpathian flysch de pos its) pre dom i nate in the sam ples, with
abun dant frag men tary un de ter mined coccoliths (even at the
ge nus level). These coccoliths are bro ken, with vis i ble signs of
cor ro sion, sec ond ary crys tal li za tion and changes in col our. Mio -
cene spe cies are very rare. The as sem blage is poor, with sin gle 
spec i mens found ev ery ten or few tens of ob ser va tion fields.
The num bers of Coccolithus pelagicus and Cyc licargo lithus
floridanus are higher in sam ples from the Niegowiæ W-3 bore -
hole at depths of 14.3 and 14.8 m. In sam ples from the
Niegowiæ W-2 (depth of 12.5 m) and Niegowiæ W-1 (12.2 m)
bore holes there are many C. pelagicus and R. pseudoumbilicus 
(Fig. 5). There was a sin gle oc cur rence of Discoaster kugleri 
(Fig. 5H), which sug gests the NN7 Zone. In spec i mens with
larger plate sizes, sec ond ary crys tal li za tion was noted (es pe -
cially of Discoaster) the plate edges were crushed or dis solved.
Paleogene and less nu mer ous Cre ta ceous taxa pre dom i nate in 
the as sem blage while Mio cene spe cies are few. The state of
pres er va tion of re de pos ited spe cies from the Paleogene and
Cre ta ceous can be de scribed as very good (even del i cate
forms are pre served, which are usu ally the first to dis in te grate)
to very poor (frag ments of placoliths), and col our change in the
coccoliths was com monly ob served (in clud ing of Mio cene
forms). This shows that even Mio cene spe cies, the youn gest el -
e ments of the as sem blage, can be re de pos ited. The most nu -
mer ous group com prises long-rang ing op por tu nis tic spe cies
(mainly C. pelagicus, Cy. floridanus, R. pseudo umbilicus).
Braarudo sphaera and Pontosphaera, char ac ter is tic of shal low,
al most brack ish zones (mainly Braarudo sphaera) (Bukry, 1974; 
Báldi-Beke, 1984; Siesser et al., 1992; Chira, 2000; Bartol et al., 
2008), are usu ally very well pre served (ef fects of me chan i cal
dam age are vis i ble, but the plates are un changed). The ab -
sence of S. heteromorphus from the as sem blage sug gests a
youn ger age than the NN5 Zone. The lack of cer tain forms can
be ex plained by their true dis ap pear ance or un fa vour able (i.a.
sa lin ity, tem per a ture, shallowing, terrigenous sup ply) en vi ron -
men tal con di tions elim i nat ing some, mainly more sen si tive,
spe cies.

Ac cord ing to Gonera (Bukowski et al., 2010) the fora -
minifera as sem blage from Wiatowice has been in ter preted as
of the Badenian biozone IIC/IIg, char ac ter is tic of the up per part
of the Skawina beds (Alexandrowicz, 1963).

GIEWONT AREA NEAR JAWCZYCE 

To the west of Wiatowice, in the re gion of the lo cal hill called
“Giewont” (Fig. 2), to the south of Jawczyce, there are ex po -
sures of gen er ally poorly (though lo cally strongly) lithified bed -
ded yel low sands, with bed thick ness of 0.1–0.7 m, interlayered
with light grey sandy silt beds 0.03 to 0.2 m thick (Fig. 6).
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Lithologically, they are sim i lar to the de pos its crop ping out in the 
vi cin ity of Wiatowice. Sam ples for micropalaeontological stud -
ies were taken from the silts in two ex po sures lo cated on both
sides of the road cut ting. One sam ple yielded nu mer ous re de -
pos ited Paleogene taxa, which pre dom i nate over Up per Cre ta -
ceous forms (as in the sam ples from the Wiatowice area). How -
ever, six teen Mio cene spe cies were iden ti fied, usu ally as sin gle
oc cur rences among the poorly pre served ma te rial. Most com -
mon are Reticulofenestra pseudoumbilicus, small-sized Reti -

culo fenestra spe cies and Coccolithus pelagicus. Other spe cies, 
such as Braarudosphaera bigelowii, Calcidiscus lepto porus,
Calcidiscus pataecus, Coronocyclus nitescens, Cy. flori danus,
Discoaster deflandrei, D. exilis, Helicosphaera carteri, Ponto -
sphaera multipora, Rhabdosphaera siccus and Umbilico -
sphaera jafarii oc cur rarely (Fig. 5). Reticulofenestra pseudo -
umbilicus was more abun dant than Cyclicargolithus floridanus
in di cat ing the Badenian/Sarmatian bound ary (Galoviæ, 2020),
whereas Calcidiscus pataecus could sug gest rather the Up per
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Fig. 5. Mi cro pho to graphs of cal car e ous nannofossils from the Sypka Góra, Giewont and Wiatowice ex po sures

A, B – Coccolithus pelagicus (Wallich) Schiller; C – Cyclicargolithus floridanus (Roth et Hay) Bukry; D – Pontosphaera multipora (Kamptner)
Roth; E – Reticulofenestra pseudoumbilicus Gart ner; F – Discoaster exilis Mar tini et Bramlette; G – Discoaster formosus Mar tini et Wors ley;
H – Discoaster kugleri Mar tini et Bramlette; I – Discoaster musicus Stradner; J – Calcidiscus leptoporus (Murray et Blackman) Loeblich et
Tappan; K – Calcidiscus macintyrei (Bukry et Bramlette) Loeblich et Tappan; L – Umbilicosphaera rotula (Kamptner) Varol; M –
Helicosphaera carteri (Wallich) Kamptner; N – Helicosphaera walbersdorfensis Müller; O – Calcidiscus pataecus (Gart ner) de Kaenel et
Villa; P – Umbilicosphaera jafarii Müller; Q – Holodiscolithus macroporus (Deflandre) Roth; R – Helicosphaera carteri var. burkei (Black)
Theodoridis; S, T – Braarudosphaera bigelowii (Gran et Braarud) Deflandre; U – Thoracosphaera fossata Jafar; V – Thoracosphaera heimii

(Lohmann) Kamptner; W – Thoracosphaera saxea Stradner; X, Y – Discoaster sp; the scale bar is 5 mm 



Badenian NN6c Subzone (Mãrunteanu, 1999), re cently re vised 
by Galoviæ (2020) as Subzone PNN6c of the Paratethys, where
the bound ary was dis tinct. In the Paratethys this form is found
only in the Mid dle Mio cene (Galoviæ and Young, 2012). The
Mio cene taxa are poorly to very poorly pre served, me chan i cally 
dis in te grated, and also with sec ond ary changes: recrystalliza -
tion, plate de for ma tion, cor ro sion, col our changes to or ange -
-brown. Glauconitic grains, a few or ganic clasts and red dish-
 brown clasts were also found in the prep a ra tions. The sec ond
sam ple yielded only sin gle iso lated plates of Braarudo sphaera.
Spec i mens of this ge nus quickly dis in te grate dur ing trans port
and are sen si tive to dis so lu tion (Bukry, 1981; Bartol, 2006).
Sharp-edged quartz grains, pyroclastic quartz, sand stone
clasts stained with iron ox ides and a few gyp sum crys tals were
found in the res i due. 

The foraminifers from Giewont near Jawczyce are rare,
though show very di verse pres er va tion. Some tests are
crushed, de formed or frag men tary, show ing me chan i cal dam -
age. Many tests are filled with white or trans par ent cal cium
car bon ate, while some large tests of plank tonic foraminifers
are filled with iron com pounds or with fine-grained sed i ment.
Some test sur faces are col oured with iron com pounds, while
oth ers are un nat u rally snow-white. The tests of some bentho -
nic fora minifers are very thin and trans par ent. All foraminifers
have been grouped ac cord ing to their size and state of pres er -
va tion. The most nu mer ous group – sub-as sem blage A – are
spe cies with typ i cally sized tests. Globigerina bulloides
d”Orbigny, Valvu line ria complanata (d”Orbigny) and Bulimina
elongata d”Orbigny pre dom i nate in this group (Fig. 7). They
are ac com pa nied by sin gle spec i mens of Am mo nia beccari
(Linné), Neo bulimina longa Venglinski, Quinqueloculina regu -
laris Reuss and other taxa (Fig. 7). Sub-as sem blage B com -
prises dwarf foraminifera: Bolivina dilatata Reuss (dom i nant)
with Elphidium advenum (Cushman), ?Fursenkoina sp., Hay -
nesina de pressula (Walker et Ja cob) (= Nonion depressulum), 
Nonion tumidulus Pishvanova, Nonion sp. and Porosononion
sp. (Fig. 7). Sub- as sem blage C con sists of bro ken and poorly
or fragmentarily pre served spec i mens. Among them, there are 
Lower Bade nian microfossils, such as frag ments of Dentalina
sp., dam aged frag ments of Bolboforma reticulata Daniels et
Spiegler. The spe cies com po si tion of the foraminifera from the 
Giewont ex po sure has some sim i lar ity to the micro fauna oc -
cur ring in the area stud ied, both be neath and above the
evaporites (£uczkowska, 1955; Alexandrowicz, 1961; Ole -
wicz, 1968; £uczko wska and Odrzywolska-Bieñkowa in Ole -
wicz, 1973). Spe cies of sub-as sem blage, A, Globigerina bullo -
ides, Bulimi na elongata, B. gibba Fornasini, Am mo nia beccari,

were found in large num bers in the Grabowiec beds in Che³m
on the Raba River (Alexandrowicz, 1961), but they can also
oc cur be neath the evaporites (£uczkowska, 1978). The same
is true for Valvulineria complanata, which is usu ally more nu -
mer ous be low the gyp sum beds (Gonera et al., 2014). How -
ever, the pres ence of the in dex spe cies Neobulimina longa in -
di cates a Late Badenian age (£uczko wska, 1964; Cicha et al.,
1975). Sub-as sem blage B con tains small rep re sen ta tives of
spe cies that do not spec ify age. This sub-as sem blage con -
sists of Elphidium advenum, Fursen koina sp., Haynesina de -
pressula, Nonion tumidulus, Nonion sp. and Porosononion sp.
All spe cies in cluded into this sub-as sem blage have been
found in the Up per Badenian Grabowiec and Chodenice beds
(£uczkowska, 1955; Alexandrowicz, 1961; Olewicz, 1968;
£uczkowska and Odrzy wolska -Bieñkowa in Olewicz, 1973).
Dwarf as sem blages, yet of dif fer ent spe cies com po si tion,
have also been found in the Chodenice beds (Gonera et al.,
2011). All spe cies of sub-as sem blage B also oc cur in the
Sarmatian de pos its in which many dwarf as sem blages of
foraminifera have been found (£uczkowska, 1964; Czepiec,
1996). How ever, in those cases they usu ally oc cur to gether
with typ i cal Sarmatian spe cies. The foraminifers in this
pseudo- as so ci a tion from Giewont thus are not older than Late
Badenian but, due to the state of pres er va tion, pre sum ably
youn ger. 

SYPKA GÓRA AREA NEAR GDÓW 

In the zone of the Carpathian overthrust, south of Gdów, the 
out crop ping (Fig. 2) grav els and sands are known as Sypka
Góra con glom er ates (Doktor, 1983) or Gdów beds (Burtan and
Wójcik, 2017). These were cor re lated with coarse clastic de -
pos its drilled in the Stadniki 1 bore hole (Alexandrowicz, 1964;
Doktor, 1983). In clasts and clay balls sam pled from the grav -
els, Alexandrowicz (1964) found foraminifer as sem blages char -
ac ter is tic of the Skawina For ma tion, which he as so ci ated with
the lower part of the Badenian. Doktor (1983, 1987) in ferred
that the de pos its at Sypka Góra rep re sent polymictic grav els
orig i nat ing from the ero sion of the West ern Carpathians, and
that the de po si tion of the grav els took place in “ma rine, gravel,
fan delta” con di tions, in an area sub ject to sig nif i cant sub si -
dence. The Sypka Góra suc ces sion is seen in along the Raba
Val ley be tween Stadniki and Zrêczyce. Ex po sures of grav els
and of sands with grav els can be ob served for a dis tance of
about 500 m along a dis tinct scarp along the right side of the
Raba Val ley, at a vari able height, from 20 to 50 m, above the
Raba Ho lo cene ter race which lies at a height of 225 m above
sea level. In many places, the scarp is af fected by pres ent-day
land slides. There are con sid er able vari a tions in the lithological
com po si tion of the de pos its in in di vid ual ex po sures, where
mod er ately rounded peb bles of var i ous di am e ters, as so ci ated
with grav els and coarse sands, can be ob served. Within these
de pos its Doktor (1987) dis tin guished 3 units: 

– mas sive con glom er ates (A), 
– frac tional con glom er ates (B),
– com plex con glom er ates (C). 

Dur ing the field work, in ter ca la tions of fine-grained sand with 
thin and dis con tin u ous silt laminae, likely trough-fills, were
found at a height of 237 m a.s.l. (Fig. 8). The ex posed suc ces -
sion (49°33’28.3” N and 20°10’49.9” E), above the mas sive
coarse grav els and smaller di am e ter grav els with sands, com -
prised (pro file from be low; Fig. 8): 

– 1.2 m – sands with gravel; 
– 0.65 m – sands with scat tered peb bles, with par al lel lam i na -

tion at the top; 
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Fig. 6. Ex po sures of Mio cene de pos its in the re gion
 of Giewont Hill in Jawczyce 
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Fig. 7. SEM im ages of foraminifers from the Giewont and Sypka Góra out crops

A – Haynesina depressula (Walker et Ja cob); B – Elphidium flexuosum var. reussi Marks; C – Nonion tumidulus Pishvanova; D –
Bolivina dilatata Reuss; E – Nonion com mune (d’Orbigny); F – Elphidium advenum (Cushman); G – Elphidium advenum
(Cushman); H – ? Fursenkoina sp.; I – Bolivina sp.; J – Bulimina elongata d’Orbigny; K – Valvulineria complanata (d’Orbigny); L –
Valvulineria complanata (d’Orbigny); M – Bulimina gibba? Fornasini; N – Quinqueloculina regularis Reuss; O, P – Bulimina
elongata d’Orbigny; Q – Globigerina bulloides d’Orbigny; R – Globigerina aff. diplostoma Reuss; S – Globigerina sp. test filled in -
side with CaCO3; T – Am mo nia beccari (Linné); A–F, H, J–T – Giewont ex po sure; G, L – Sypka Góra ex po sure



– 0.01–0.04 m – grey silt (sam ple at 239 m a.s.l.); 
– 0.12 m – me dium-grained sands; 
– 0.03 m – lower sandy silts (sam ple at 240.1 m a.s.l.); 
– 0.25 m – me dium-grained sands with nu mer ous silt clasts; 
– 0.70 m – me dium-grained sands; 
– 0.15 m – grey sandy silts; 
– 0.50 m – sands and grav els. 

Above there are sands and grav els of var i ous grain sizes.
With ref er ence to the pro file de scribed by Doktor (1983), the de -
pos its dis cussed rep re sent the bot tom part of the pro file of the
coarse clastic de pos its, ~12.5 m from the ex po sure base (Fig. 9).

Sam ples for microfossils were taken from heights of ~239.0
and 240.1 m a.s.l. from thin (1–4 cm) lay ers of pale grey silt.
These yielded a large and spe cies-di verse as sem blage of cal -
car e ous nannoplankton. The as sem blage was dom i nated by
re de pos ited taxa from the Paleogene and less com monly from
the Up per Cre ta ceous. Mio cene spe cies are al most ab sent
from the as sem blage. The fol low ings coccoliths were iden ti fied: 
B. bigelowii, C. pelagicus, D. exilis, D. kugleri, D. musicus, D.
variabilis, H. carteri, P. multipora, R. pseudo umbilicus, small
Reticulofenestra spe cies and Umbilico sphaera jafarii. Five -
-rayed spec i mens of Discoaster were also found, though their
poor pres er va tion pre vented their iden ti fi ca tion at spe cies level. 
The forms iden ti fied more re sem ble Discoaster bellus than D.

hamatus. Ac cord ing to some au thors (Perch-Niel sen, 1985;
Backman et al., 2012) the first five-rayed spe cies of Discoaster,
as well as Discoaster hamatus Mar tini et Bramlette, D. bellus
Bukry et Percival and D. prepentaradiatus Bukry et Percival ap -
pear in the NN8 Zone (D. hamatus Zone, sensu Mar tini, 1971;
in ter val E: NN8-10a sensu Young, 1998; Zone CNM12 –
Catinaster coalitus Base Zone, sensu Backman et al., 2012;
Eu-discoaster bellus Subzone, Theodoridis, 1984). No char ac -
ter is tic spe cies of Catinaster were found in the ma te rial ana -
lysed. GaŸdzicka (1994) iden ti fied, in the top part of the Krako -
wiec clays (in the re gion of Stalowa Wola) five-rayed forms be -
long ing to Discoaster bellus, D. neohamatus Bukry et
Bramlette, D. intercalaris Bukry and D. brouweri Tan Sin Hok
which are char ac ter is tic of zones NN9-10. Ac cord ing to GaŸdzi -
cka (1994), the de pos its above the evaporites (in bore holes in
the Tarnobrzeg re gion) rep re sent the NN8 (Catinaster coalitus
Zone) or even the NN9 Zone (Discoaster hamatus Zone), while
in the cal car e ous nannoplankton as sem blage of the Machów
For ma tion Discoaster exilis was not re corded (last oc cur rence
in NN9 Zone; Young, 1998), while in di vid ual oc cur rence of D.
kugleri in the Pecten beds sug gest redeposition. In stead, D.
calcaris Gart ner, the first oc cur rence of which in di cates the NN8 
Zone (Perch-Niel sen, 1985; Mar tini and Müller, 1986; Young,
1998) is dated at 11.3 Ma in the Paratethys (Vass, 1999). This
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Fig. 8. Pro file of gravel-sandy de pos its in Sypka Góra near Gdów 
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is in ac cor dance with our find ings as re gards the last oc cur -
rence of D. kugleri group, dated ac cord ing to de Kaenel et al.
(2017) at 11.037 Ma, which is close to the top of NN8 at low lat i -
tudes. Five-rayed Discoaster spe cies such as D. hamatus in
the Paratethys char ac ter ize the Pannonian NN9 (Mãrunteanu,
1999), with the first oc cur rence of small forms at the base of
NN8 based on the re cent dis cov ery of Brown ing et al. (2017).
Nev er the less, from the Andrychów re gion, Jugowiec (Wójcik
and Jugowiec, 1998) de scribed a cal car e ous nannoplankton
as sem blage in di cat ing the NN9a/8 bound ary (Lower Panno -
nian; Piller, 1996; Sarmatian, GaŸdzicka, 1994; Mãrun teanu,
1999; Andreyeva-Grigorovich et al., 2008). The oc cur rence of
Catinaster coalitus and C. cf. calyculus, the spo radic oc cur -
rence of the Discoaster kugleri group and the lack of D.
hamatus marks PNN8a, and there fore the Sarmatian PNN8
Zone (Galoviæ, 2020). Frag men tary ma te rial of Discoaster, a
ge nus char ac ter is tic of more open ma rine en vi ron ments (e.g.,
D. exilis), and of placoliths (Coccolithus, Reticulofenestra),
which are the most re sis tant to dis so lu tion (Bukry, 1981; Beau -
fort and Aubry, 1992; Bartol, 2006; Palcu et al., 2015), and the
large num ber of re worked and dam aged spec i mens, sup port
the ob ser va tions re gard ing the dis place ment, re work ing, and
mix ing of sed i ments (GaŸdzicka, 2015). In ad di tion to cocco -
liths, frag ments of si lici fied foraminifer, or ganic par ti cles,
glauco nite grains and nu mer ous (al most bulk) frag ments of in -
def i nite ge neric and spe cific af fil i a tion were found. These de -
pos its are re ferred to the Late Mio cene, while the abun dance
and state of pres er va tion sug gest that their age is per haps even 
youn ger, with all the microfossils be ing re worked. Sin gle, dam -
aged foraminifer spec i mens, sponge, fish re mains and ir reg u lar 
tu bu lar forms with plants re mains in side were found. This
pseudo-as so ci a tion con sists of dwarf spec i mens of Bolivina
dilatata (dom i nant), Nonion tumidulus, N. com mune, N. sp.,
Elphidium advenum with typ i cally sized Am mo nia beccari, Buli -
mina elongata, Heterolepa dutemplei (d’Orbigny), Valvulineria
complanata and oth ers. All these spe cies are also pres ent in
the sam ple from the Giewont ex po sure, in sub-as sem blage A
and B. The foraminifer spe cies found are com mon in the
Badenian, but both their small num ber and state of pres er va tion 
sug gest that they are re worked. The foraminifer as sem blages
from both the Sypka Górka and Giewont ex po sures are
pseudo- as so ci a tions, hav ing been re de pos ited. Based on the
spe cies com po si tion and state of pres er va tion, the Giewont and 
Sypka Góra de pos its are not older than Up per Badenian and
pre sum ably are youn ger. 

CONCLUSIONS 

Our study re vises the geo log i cal in ter pre ta tion of the de -
pos its in the Gdów “embayment”, micropalaeontological data
un equiv o cally doc u ment ing a youn ger age of sed i men ta tion
than pre vi ously thought. They show that the south ern part of
the Gdów “embayment” in the Badenian was not oc cu pied by
sea and was a land, per haps an is land, with no evaporite sed i -
men ta tion. Most likely there was a shal low ba sin here dur ing
the Sarmatian, as shown by the pres ence of or ganic de pos its
in bore hole ma te rial and by the rec og ni tion of plant re mains
(trees, shrubs, small her ba ceous plants, mosses, fungi, al gae) 
and spores and pol len by £añcucka-Œrodoniowa (1966). Or -
ganic sed i men ta tion was in ter rupted by sup ply of terrigenous
ma te rial from the south. Fans and del tas formed in front of the
Carpathian Moun tains overthrust. The de pos its ex posed in the 
Wiatowice area have fea tures of a delta slope or prodelta,
while, in the re gion of Gdów and Stadniki, these are prox i mal
parts of a fan delta. Drill ing in Stadniki shows these de pos its to 
be >500 m thick and over lain by rocks of the Subsilesian
Nappe. To the south of cur rent overthrust, sed i men ta tion of
the Chodenice beds took place in the Badenian, as doc u -
mented by pe tro leum ex plo ra tion bore holes (Oszczypko and
Oszczypko- Clowes, 2012), and Mio cene de pos its may have
also been lo cated in the area where the Carpathian Moun tains
were overthrusting. An ex am ple of this may be the Mio cene
de pos its in ¯egocina (Skoczylas-Ciszewska, 1960). In the
Sarmatian and youn ger stages of the Mio cene, both the Mio -
cene units and Carpathian rocks were eroded and de pos ited
in the shal low Sarmatian Sea. This is shown by the com po si -
tion of grav els in the re gion of Gdów and Wiatowice as well as
the pres ence of tuffite peb bles in the gravel. Tuffites, as
low-den sity rocks, could have been trans ported far north of
where they orig i nated. The ex po sures in Gdów and Wiatowice
are fur ther points where young Mio cene de pos its were pres ent 
in the area of folded Mio cene strata in front of the Carpathian
overthrust. Their age is even youn ger than as sumed for the
de pos its of the autochthonous Mio cene in the west ern part of
the Carpathian Foredeep (¯ytko et al., 1989). This is doc u -
mented by the Carpathian thrust ing over the Carpathian Fore -
deep in the west ern and cen tral sec tions of the Carpathian arc
be ing very young and fall ing into the Pannonian or be ing youn -
ger than the Pannonian. We are in clined to ac cept the hy poth -
e sis that the en tire Carpathian Moun tains were thrust ing over
their fore land at one time and this took place (at least the last
stages of this pro cess) even later than sug gested by
Kotlarczyk (1988). Ac cord ing to pre vi ous views and re gional
strati graphic schemes, the Sypka Góra con glom er ates (Gdów
beds) were as signed to the Lower Badenian and placed be low
the Skawina For ma tion (Oszczypko and Oszczypko-Clowes,
2012). Ac cord ing to the data from the Gdów re gion, these are
much youn ger de pos its and in the strati graphic pro files they
oc cur above the Grabowiec beds (Fig. 10) and may cor re -
spond to the age of the youn gest de pos its found near Tarno -
brzeg (GaŸdzicka, 1994). The hith erto ac cepted strati graphic
di vi sions, based on foraminifers, sug gested a much older age.
This may be due to high redeposition rates or the pres ence of
micro fauna in sec ond ary de pos its. Sim i larly, the re sults of our
stud ies con tra dict ear lier views about the diachronous tim ing
(be com ing youn ger from west to east) in ferred for when the
Carpathians were thrust ing over the Carpathian Foredeep and 
are closer to the view that the overthrusting in the en tire seg -
ment of the north ern Carpathians took place si mul ta neously
“en block“ (Kotlarczyk, 1988). Kotlarczyk (1988) con sid ered
that the folded Mio cene unit in the re gion of Przemyœl was in -
volved in thrust ing at the end of the Sarmatian in the
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Fig. 9. Ex po sures of sands with silt layer in Sypka Góra 
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Fig. 10. The lo cal Mid dle and Up per Mio cene stra tig ra phy of the Carpathian Foredeep in com par i son 
with the stan dard global chronostratigraphy



Moldavian Phase, when the fold ing, de tach ment and thrust ing 
of the Zg³obice Nappe over the autochthonous Mio cene de -
pos its took place. Cur rently, data from the Andrychów and
Gdów re gions show that sed i men ta tion was still on go ing in the 
Late Mio cene (Pannonian), but the sed i ments were pre served 
only in some places whereas in a sig nif i cant part of the area
they had been eroded. The tec toni cally de formed (folded) Up -
per Mio cene de pos its in di cate the post-Sarmatian age of the
last stages of thrust ing of both the Carpathians and the Zg³o -

bice Nappe over the autochthonous de pos its of the Carpa -
thian Foredeep. 
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