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In the Pol ish sec tor of the Magura Nappe, along the front of the Pieniny Klippen Belt, strongly tectonized cal car e ous flysch up 
to 1000 m thick is ex posed. Pre vi ously these de pos its, com posed of thin- to thick-bed ded flysch, with a packet of £¹cko-type
marls, have been in cluded into sev eral Paleocene/Eocene for ma tions, e.g., the Szczawnica For ma tion. This for ma tion con -
tains a poor as sem blage of ag glu ti nated foraminifera and a rel a tively rich as sem blage of cal car e ous nannoplankton, with
abun dant re worked spe cies. The youn gest spe cies give ev i dence of the NN2 Zone (Lower Mio cene). Ad di tion ally, in three
pro files (Szlachtowa, Knurów and Waksmund) of the Kremna Fm., Early Mio cene foraminifera have been rec og nized. This
re search doc u mented that dur ing the Burdigalian, at the front of Cen tral West ern Carpathians, there still ex isted a re sid ual
ma rine ba sin prob a bly up to 100 km wide. These de pos its also con tain thick pack ages of ex otic car bon ate con glom er ates
de rived from the SE, pre vi ously re garded as the Jarmuta For ma tion.

Key words: Outer Carpathians, Magura Nappe, re sid ual flysch ba sin, Early Mio cene, cal car e ous nannoplankton, palaeo ge -
ogra phy.

INTRODUCTION

Since the sec ond half of the last cen tury, there has been a
dom i nant view that the clo sure of sed i men ta tion in the Magura
Paleogene Ba sin pro gressed grad u ally from the Mid dle Eocene 
in the Krynica fa cies zone, in the south, to the Early Oligocene
in the Siary fa cies zone in the north (Sikora and ¯ytko,1960;
Wêc³awik, 1969; Sikora, 1970; Ksi¹¿kiewicz, 1972, 1977;
Birkenmajer and Oszczypko, 1989). This point of the view has
been par tially mod i fied fol low ing the dis cov ery of the Oligocene
Malcov For ma tion (Fm.) above the Magura Sand stone Fm. in
the Nowy S¹cz and Nowy Targ ar eas by Oszczypko (1973) and
Cieszkowski and Olszewska (1986), re spec tively. Later, some
of these strata were con sid ered by Cieszkowski (1992, 1995)
as youn ger ma rine “molasse” for ma tions of
Badenian/Sarmatian age.

At the turn of the last cen tury Oligocene/Mio cene flysch de -
pos its were dis cov ered in sev eral places within the Magura
Nappe of the Pol ish and Slo vak sec tors of the Outer West ern

Carpathians (Oszczypko et al., 1999, 2005a; Oszczypko and
Oszczypko-Clowes, 2002; Matašovsky and Andreye va-Grigo -
rovich, 2002). In sub se quent pub li ca tions (Oszczypko and
Oszczypko-Clowes, 2010, 2014) these Oligocene/Mio cene de -
pos its have been de scribed as the Kremna Fm. at Stara
¼ubovòa (Slovakia) and in the Ma³e (Lit tle) Pieniny Mts. (Po -
land). Far ther to the east these de pos its were rec og nized by us
at the front of the Pieniny Klippen Belt (PKB), at the Obruæne
and Dubne lo cal i ties (Smreczek Stream, right trib u tary of the
Poprad River). This study fo cuses on the area be tween Jaworki 
(E) and Nowy Targ (W), as cru cial the un der stand ing the re la -
tion ship be tween the Magura Nappe, the PKB and the Cen tral
West ern Carpathians (CWC). Keep ing this in mind we re-eval u -
ate ex ist ing as well as new geo log i cal and biostratigraphical
data of the Oligocene/Mio cene de pos its at the front of the PKB.
This is im por tant for better un der stand ing of the palaeo ge ogra -
phy and re la tion ships be tween the CWC, PKB and Magura
Nappe be fore the Early/Mid dle Mio cene short en ing of the Outer 
West ern Carpathians (OWC).

PREVIOUS WORK

In the Pol ish Outer Carpathians the Up per Eocene/Oligo -
cene de pos its of the Magura Suc ces sion were first rec og nized
by Oszczypko (1973), at the south ern mar gin of the Nowy S¹cz
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Ba sin (Nowy S¹cz 1 bore hole), and in the Zawada and
Biegonice sec tions of the Raèa fa cies zone (Figs. 1, 2 and 3).
These de pos its, lo cated at the top of the Up per Eocene Magura 
Sand stone Fm., were re garded as the Malcov For ma tion
(Ksi¹¿kiewicz and Leško, 1959; Leško and Sam uel, 1968). In
sam ples from the Malcov For ma tion, Blaicher (in Oszczypko,
1973) rec og nized three dif fer ent age as sem blages (ben thic and 
plank tonic), al beit in ter mixed, con tain ing Early/Mid dle Eocene;
Late Eocene/Oligocene and Oligocene spe cies. The youn gest
Oligocene foraminifera were con sid ered as autochthonous,
and the two other as sem blages as re worked.

The Biegonice and Zawada sec tions have been re-ex am -
ined by Oszczypko et al. (1999). These stud ies doc u mented
the pres ence of Early Mio cene foraminifera (N5) and cal car e -
ous nannoplankton (NN1-3) in de pos its as signed to the Mid dle
Eocene, as the £¹cko Marls. Fi nally all these marly de pos its
were in cluded into the Zawada For ma tion (Oszczypko et al.,
1999; Oszczypko and Oszczypko-Clowes, 2002).

Other young de pos its (Up per Eocene/Oligocene) of the
Magura Suc ces sion have been rec og nized as the Malcov For -
ma tion (Cieszkowski and Olszewska, 1986), in sev eral sec tions 
near Nowy Targ and close to the PKB (Figs. 1 and 2). In these
sec tions, the thick-bed ded Magura-type sand stones with in ter -
ca la tions of grey marly claystones, were pre vi ously re garded as 
the Inoceramian beds (Cenomanian–Turonian – Halicki, 1959;
Turonian–Maastrichtian–Danian – Watycha, 1963).

A few years later, the Early Mio cene flysch of the Magura
Suc ces sion was rec og nized, in the Nowy Targ 1 bore hole (Paul 
and Poprawa, 1992), close to north ern bound ary of the PKB.
More or less si mul ta neously, in sim i lar de pos its (thick-bed ded
sand stones) Cieszkowski (1992, 1995) and Cieszkowski et al.
(1993) de scribed the flysch de pos its of the Stare Bystre and
RogoŸnik sec tions (Podhale re gion) which were con sid ered to
be the youn gest Mid dle Mio cene (Langhian–Serravalian) de -
pos its of the Magura Suc ces sion. Re cently the age of the Stare
Bystre de pos its was re-eval u ated to be of Early Mio cene age
(see the dis cus sion in Kaczmarek et al., 2016).

There has been an in ter est ing evo lu tion of views on the age
of the youn gest de pos its of the Magura Nappe in East ern
Slovakia. This be gan with the dis cov ery by Matašovsky and
Andreyeva-Grigorovich (2002) of the Up per Oligocene/Lower
Mio cene de pos its of the Magura Nappe in the Peri-PKB zone
near Humenné. Previosly these de pos its were re garded to as of 
Eocene age. To wards the west, near Stara ¼ubovòa, in a sim i -
lar tec tonic postion (Peri-PKB zone), there are de pos its de -
scribed by Uhlig (1890a, b, 1903) as the “Nördliche Grenze
Flysch Zone”. Horwitz (1935) de scribed these strata as the
“Peri- or Inter-Klippen Flysch”, later dis tin guished by Matìjka
(1959) as the Kremna fa cies. These beds have also been stud -
ied by Stranik and Hanzlikova (1968) as the Paleocene/Eocene 
sandy-con glom er atic cal car e ous flysch, 1200–1600 m thick,
with in ter ca la tions of grey-green ish claystones and siltstones.

Many years later these de pos its were de fined by
Oszczypko et al. (2005a) as the Kremna For ma tion, be ing the
youn gest Oligocene–Lower Mio cene mem ber of the Magura
Suc ces sion in the Peri-PKB zone, dif fer ent from the Malcov
Fm. Cal car e ous nannoplankon stud ies of the Kremna Fm.
showed a pre dom i nance (50%) of re de pos ited spe cies, mainly
Mid dle–Late Eocene, while the youn gest spe cies iden ti fied be -
long to the Early Mio cene (NN1 and NN2 zones, Oszczypko et
al., 2005a). The Kremna Fm. is re garded as an equiv a lent of
the Zawada and Stare Bystre for ma tions in the Nowy S¹cz and
Podhale ar eas. Re cently the Kremna Fm. has been rec og nized
in the Krynica fa cies zone of the Muszyna and Jaworki ar eas
(Oszczypko and Oszczypko-Clowes, 2010) as well in the
“Magura Autochthonous Paleogene” in tec tonic win dows in the

PKB (Oszczypko and Oszczypko-Clowes, 2010, 2014).
Oligocene-Lower Mio cene flysch de pos its have also been doc -
u mented in the Horná Orava re gion of West ern Slovakia
(Oszczypko-Clowes et al., 2013).

GEOLOGICAL SETTING

Our stud ies mainly fo cus on the Paleogene de pos its of the
Magura Nappe (Krynica sub-unit), along the north ern mar gin of
the Pol ish sec tor of the PKB (Figs. 1, 2 and 3). This area is a
mor pho log i cal de pres sion, sev eral kilo metres wide, sit u ated
be tween the Pieniny and Ma³e (Lit tle) Pieniny Mts. to the south
and the Gorce/Beskid S¹decki ranges in the north. The
“Nördliche Flysch Zone” (Uhlig, 1890a, b, 1903, 1907) or
“Magura flysch (Paleocene/Lower Eocene)” (Horwitz, 1935,
1963), placed be neath the Mid dle/Up per Eocene (sub-Magura
and Magura beds), have been re garded as the old est de pos its
of the Magura Suc ces sion in the the Gorce and Beskid S¹decki
ranges. Based on poorly pre served foraminifera, these are re -
garded as the old est de pos its in this area, and have been clas -
si fied into the Ropianka beds (Watycha, 1975; Burtan et al.,
1981), an equivalenf of the Inoceramian beds (Up per Cre ta -
ceous/Paleocene) of the more ex ter nal units of the Pol ish Outer 
Carpathians. Fur ther stud ies based on small num bers of ag glu -
ti nated foraminifers and poorly pre served cal car e ous nanno -
plankton (Birkenmajer and Dudziak, 1981; Golonka and
R¹czkowski, 1981, 1984; Alexandrowicz et al., 1984; Kulka et
al., 1987, 1991) led to units of Up per Paleocene–Mid dle
Eocene age be ing distinghuished. The fol low ing Paleo -
cene/Eocene for mal lithostratigraphy of the Krynica sub-unit
has been pro posed by Birkenmajer and Oszczypko (1989): the
Szczawnica For ma tion (Mid dle/Up per Paleocene), up to 400 m
thick, with the level of the £¹cko Marls (up to 50 m), fol lowed by
the Frydman Fm. (Lower Eocene), up 400 m thick, and the
Magura Sand stone Fm. (Lower/Up per Eocene), over lain by the
up per most Eocene/Lower Oligocene Malcov Fm.

The Magura Fm. is the youn gest de posit of the Krynica
sub-unit, with the ex cep tion of the Malcov Fm., lo cally oc cur ring
near Nowy S¹cz (Oszczypko, 1973) and Nowy Targ
(Cieszkowski and Olszewska, 1986). The Magura Fm., up to
2000 m thick (Birkenmajer and Oszczypko,1989; Kulka et al.,
1991) is dom i nated by mas sive, thick-bed ded sand stones, with
spo radic in ter ca la tions of thin-beddded turbidites. The Magura
Fm. is sub di vided into three mem bers: the Piwnicza Sand stone
Mem ber (PSM), the Mniszek Shale Mem ber (MSM) and the
Poprad Sand stone Mem ber (PoSM). This for ma tion is dom i -
nated by coarse clastic turbidites, re sult ing in a scar city of ag -
glu ti nated foraminifera and a dom i nance of re worked cal car e -
ous nannoplanton.

In the PSM, there are cal car e ous nannoplankton be long ing
to NP15/17 in the Piwniczna area (Oszczypko-Clowes, 2001;
Oszczypko and Oszczypko-Clowes, 2010) and NP18–20 in the
Muszyna area (Dudziak in Oszczypko et al., 1990). The MSM is 
rep re sented by var ie gated shales with Reticulophragmium
amplectens which was tra di tion ally re garded as a Mid dle
Eocene form, while now it in di cates the Late Eocene (Bindiu et
al., 2015).

West of the Poprad River, the MSM has not been con -
firmed. In this part of the Krynica sub-unit, the po si tion of the
MSM is pos si bly oc cu pied by the Kowaniec beds. These beds,
up to 100 m thick, are com posed of thin to me dium-bed ded
turbidites.

In the Pol ish sec tor of the Krynica sub-unit, the PoSM has not 
been pre cisely dated. By con trast, sam ples col lected from the
Ruska Vola sec tion on the Poprad River (East ern Slovakia), con -
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tain a well-pre served and mod er ately abun dant nannofossil as -
sem blage be long ing to the NP25 and NN1 zones, fol lowed by
the Kremna Fm. (NN1-2; Oszczypko-Clowes in Oszczypko et al., 
2005a). The same age was de ter mined in sam ples col lected in
the up per part of the Homole Gorge and Bia³a Woda sec tions of
the PKB (Oszczypko and Oszczypko-Clowes, 2010, 2014).

METHODOLOGY

Our cur rent re search has been fo cused on the Pol ish sec tor of 
the Peri-PKB zone, be tween the Bia³a Woda Stream in the east
(Ma³e Pieniny Mts.) and the Nowy Targ–Orava Neo gene De pres -
sion in the west (Figs. 1 and 2). This area linked the al ready known 
oc cur rences of Oligocene/Mio cene de pos its in the val ley of the
Poprad River (Oszczypko et al., 2005a; Oszczypko and
Oszczypko-Clowes, 2010), the Ma³e Pieniny Mts. (Oszczypko and 
Oszczypko-Clowes, 2010, 2014), and near the Nowy Targ area
(Cieszkowski and Olszewska, 1986; Cieszkowski, 1992; Paul and
Poprawa, 1992; Kaczmarek et al., 2016). Tak ing into ac count the
poor con di tion of ex po sures in this area it has been nec es sary to
use all avail able nat u ral ex po sures.

Geo log i cal pro fil ing was con ducted us ing tra di tional meth -
ods, but fully linked to sat el lite nav i ga tion (GPS way points –
WP). The pro fil ing al lowed us to es tab lish the strati graphic suc -
ces sion of beds as well as their lithological and sedimento -
logical char ac ter.

In or der to es tab lish the age and vari abil ity of as sem blages
in the sam ples, spe cies of nannoplankton and plank tonic
foraminifera were de ter mined. Slides for nannofossil de ter mi -
na tion were pre pared us ing a sim ple smear slide tech nique ac -
cord ing to Bown and Young (in: Bown, 1998). All sam ples were
ana lysed with a Nikon-Eclipse E 600 POL, at 1000x mag ni fi ca -
tion us ing both par al lel and crossed polars. Qual i ta tive anal y ses 
al lowed the age de ter mi na tion. The tax o nomic frame work ap -
plied is based upon Aubry (1984, 1988, 1989, 1990, 1999),
Perch-Niel sen (1985) and Bown (1998 and ref er ences therein).
Biostratigraphy is based on the stan dard zonation of Mar tini and 

Wors ley (1970). How ever, the marker spe cies for the Lower
Mio cene zones are ab sent or very rare at high lat i tudes. In such
cases sec ond ary in dex spe cies, pro posed by Fornaciari and
Rio (1996), Fornaciari et al. (1996) and Young (1998), had to be 
ap plied.

In ad di tion, a quan ti ta tive anal y sis was per formed for sam -
ples from the Huba sec tion. Quan ti ta tive anal y ses in volved us -
ing counts of 300 spec i mens in ran dom fields of view for se -
lected sam ples, in or der to as cer tain the per cent age con tent of
re worked and autochthonous spe cies. Ac cord ing to Thierstein
et al. (1977), at the 95% con fi dence level, 300-spec i men counts 
en sure the pres ence of a taxon whose rel a tive abun dance was
1% in the to tal pop u la tion. The palaeo eco logi cal anal y ses were
per formed on autochthonous as sem blages. The per cent ages
were taken lit er ally.

Nannofossil pres er va tion was vi su ally es ti mated us ing the
cri te ria pro posed by Roth and Thierstein (1972). The cat e go ries 
are based on the de gree of etch ing and/or cal cite over growth
ob served dur ing light mi cros copy and are: VP – very poor, etch -
ing and me chan i cal dam age is very in ten sive, spec i mens
mostly in frag ments; P – poor, se vere dis so lu tion, frag men ta -
tion and/or over growth; the spe cific iden ti fi ca tion of spec i mens
is dif fi cult; M – mod er ate, etch ing or me chan i cal dam age is ap -
par ent but most spec i mens are eas ily iden ti fi able; G – good, lit -
tle dis so lu tion and/or over growth; di ag nos tic char ac ter is tics are
pre served, the spec i mens could be iden ti fied to spe cies level
with out any trou ble.

Es ti mate of the nannofossil abun dance for in di vid ual sam -
ples was es tab lished us ing the fol low ing cri te ria: VH – very high
(>20 spec i mens per view field), H – high (10–20 spec i mens per
view field), M – mod er ate (5–10 spec i mens per view field), L –
low (1–5 spec i mens per view field), VL – very low (<5 spec i -
mens per 5 view fields).

Aditionally, in the Stary Stream in Szlachtowa and Waks -
mund sec tions, the de ter mi na tion of cal car e ous nannoplankton 
was sup ple mented by the anal y sis of small foraminifera (Figs. 1 
and 2).
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RESULTS

SECTIONS STUDIED

Stud ies car ried out in East ern Slovakia near Stara ¼ubovòa
(Oszczypko et al., 2005a) have clearly dem on strated that the
Poprad Sand stone Mb. of the Magura Fm. (NP25/NN1) is over -
lain by flysch of the Kremna Fm. (NN1/NN2). This se quence
has been doc u mented in the Matyšova sec tion (N49°18.864’
E20°46.513’, 542 m a.s.l.) and at Sedlo Vabec (N49°20.585’
E20°40.513.658’, 750 m a.s.l.). On the Pol ish side, the strati -
graphic suc ces sion of the Kremna Fm. above the Poprad
Sand stone Mb. has only been doc u mented in the Bia³a Woda
Val ley. Far ther to the west, in the vi cin ity of Nowy Targ, this con -
tact is not vis i ble. The in ter pre ta tion of ex ist ing geo log i cal maps
(Watycha, 1975; Burtan et al., 1981; Kulka et al., 1991) and our
field ob ser va tions sug gest a tec tonic con tact. Un for tu nately,
these maps dat ing back to the last cen tury are largely out dated.

The dis cov ery of the Kremna Fm. (Oligocene/Lower Mio cene),
pre vi ously de scribed and as signed to the Szczawnica Fm.
(Paleocene/Lower Eocene), is of par a mount im por tance.

Bia³a Woda Stream sec tion (WP 77 and 506;
N49°23.826’  E20°35.307’). The pro file stud ied, 2 km long
(Fig. 4), is lo cated in the up per sec tion of Bia³a Woda Creek.
The re sults from this sec tion have al ready been pub lished
(Oszczypko and Oszczypko-Clowes, 2010, 2014). How ever, in
the area stud ied, on the Pol ish side, this is the only pro file doc u -
ment ing the strati graphic suc ces sion of the Kremna Fm. above
the PoSM. The pro file dis plays SW-dip ping (Fig. 4), de pos its, in
nor mal po si tion, of the Lower Mio cene Kremna Fm. (Oszczypko 
and Oszczypko-Clowes, 2010, 2014), com posed of dark grey
lam i nated marly mudstones with the Dendritus ichnofacies, with 
spo radic in ter ca la tions of thin-bed ded, turbiditic sand stones.
These beds were pre vi ously re garded (Birkenmajer, 1979;
Golonka and R¹czkowski, 1984) as the Szczawnica Fm.
(Paleocene/Lower Eocene). To wards the south, the Kremna
Fm. has tec tonic con tact with the PKB (Fig. 4B).
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Fig. 4A – geological map of the Bia³a Woda area (after Oszczypko and Oszczypko-Clowes, 2014); B – cross-section
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Stary Stream in Szlachtowa; (WP 329–337: N49°24.757’
E20°32.952’ to WP 279: N49°24.950’ E20°33.169’). This sec -
tion dis plays the tec tonic con tact of the Grajcarek Unit (Fig. 5)
with the Kremna Fm. of the Magura Nappe. Here, var ie gated
shales of the Malinowa Fm. (Turonian–Campanian) of the
Grajcarek Unit are thrust, in over turned po si tion, on the
SSW-dip ping, in nor mal po si tion, de pos its of the Kremna For -
ma tion. This for ma tion is com posed of dark grey marly
mudstones and thick-bed ded (1–3 m), £¹cko-type marls, with
in ter ca la tions of thick-bed ded (0.4–1.0 m) sand stones (Fig. 6).
The marls are mas sive with del i cate hor i zon tal lam i na tion.

Skotnicki Stream sec tion near Szczawnica (WP 491:
N49°23.594’ E20°34.983’ to WP 499: N49°24°041’
E20°34.903’). The geo log i cal map of Kulka et al. (1987) shows the 
fol low ing in ter pre ta tion of the geo log i cal struc ture of the Skotnicki
Stream: the Szczawnica Beds (Paleocene/Eocene) with an de site
dikes in the lower part of the creek pass up wards into the Eocene
se quence of the Magura Fm., rep re sented by the PSM fol lowed by 
the Kowaniec Beds and the PoSM of the Magura Fm. Tak ing into
ac count that the for mer Szczawnica Fm. (Paleocene/Eocene)
now be longs to the Kremna Fm. (Oligocene–Mio cene), our in ter -
pre ta tion of this sec tion is dif fer ent.

The first ex po sures of the Kremna Fm., vis i ble above the
Pitoniakówka min eral wa ter spring (Fig. 7A), are rep re sented by 
thin- to me dium-bed ded fine-grained cal car e ous sand stones,
ac com pa nied by dark grey marly mudstones and shales. These 
strongly brecciated beds, dip ping sub-ver ti cally to the north, are
in over turned po si tion. Go ing up the stream, af ter ~150 m, the
right in let shows large blocks of Neo gene andesites (Fig. 7A).
Af ter a few tens of metres, ex po sure dis ap pears, and over a dis -
tance of ~150 m there are coluvia of an ac tive land slide on the
right slope of the val ley. This land slide cov ers the con tact be -
tween the Kremna and the Magura for ma tions.

Af ter the break in ex po sure, above a bi fur ca tion in the
stream, we found in the right in flow (Bia³y) the first ex po sure
(WP 491, Fig. 7A, B), rep re sented by 5 m thick grey shales with
an in ter ca la tion of thick-bed ded sanstone (1.5 m). Up hill, these
strata dip to the south (190/60), in over turned po si tion. This type 
of de posit, up 50 m thick, can be cor re lated with the Kowaniec
beds the Magura Fm. Higher up in the sec tion, dark-grey thin
bed ded turbidites are ex posed, with a dom i nance of marly
mudstones, at least 25 m thick (Figs. 7C and 8). These

thin-bed ded turbidites con tinue to be south-dip ping and over -
turned. This suc ces sion can prob a bly be cor re lated with the
Kowaniec Mem ber (Mid dle to Up per Eocene, see Kulka et al.,
1987, 1991). Above WP 495 to WP 496 the Kowaniec Mb. is
fol lowed by thick- to very thick-bed ded sand stones of the PoSM 
of the Magura Fm. (Figs. 7 and 8). The Kowaniec Beds in the
Skotnicki Stream are well-known as a cor re la tive ho ri zon (for -
merly the sub-Magura Beds, see Burtan at al., 1981;
Birkenmajer and Oszczypko, 1989). On the south ern slope of
the Gorce and Besid S¹decki ranges, the Kowaniec Mem ber
marks the bound ary be tween the PSM and PoSM of the
Magura Fm. In the Skotnicki Stream the north-dip ping (in over -
turned po si tion) Kremna Fm. (Oligocene/Mio cene) con tacts
with the south-dip ping (in over turned po si tion) Magura Fm.
(Mid dle/Up per Eocene), along a re verse fault. A sim i lar bound -
ary be tween the Magura Fm. and Kremna Fm. was doc u -
mented (Figs. 2 and 3) on the right slope of the Grajcarek Val -
ley, be tween Szczawnica and Bia³a Woda (see Oszczypko and
Oszczypko-Clowes, 2014).

KROŒCIENKO ON THE DUNAJEC RIVER

Koz³ecki Stream sec tion (WP501–504; N49°26.453’
E20°26.753’; Fig. 9). The sec tion stud ied is lo cated in the lower 
run of the Koz³ecki Stream, at the right con flu ence of the
Dunajec River (Fig. 2). This ~100 m long sec tion is com posed
of me dium-bed ded (20–30 cm), fine to very fine-grained sand -
stones with an in ter ca la tion of dark grey marly shales (Fig. 8).
The flute marks dis play axes of palaeotransport  of
20°(NNE)–200° (SWS). In pre vi ous stud ies these strata have
been re garded as the Szczawnica For ma tion (Up per
Paleocene/Lower Eocene: Birkenmajer and Dudziak, 1981;
Alexandrowicz et al., 1984; Kulka et al., 1987, 1991; Golonka
and Waœkowska, 2014). Higher up in the sec tion (WP
503–504), on the left bank of the creek, grey shales with a thick
bed of ex otic con glom er ate are ex posed. The de pos its from
Koz³ecki Stream can be re garded as the NW pro lon ga tion (in
the same tec tonic po si tion) of the Kremna For ma tion from
Sopotnicki Stream.

Kroœcienko on the Dunajec River, Cha pel St. Kinga
sec tion (WP523–528; N49°25.921’ E20°26.322’; Figs. 10
and 11). This sec tion be longs to the Paleogene de pos its of the
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Fig. 5. Cross-section through the northern boundary contact zone of the Grajcarek thrust sheets and the
Magura Nappe, Stary Stream section (based on Oszczypko and Oszczypko-Clowes, 2014, supplemented)

1 – Malinowa Fm., 2 – Jarmuta Fm., 3 – Kremna Fm.
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Fig. 7A – geological map, B – lithostratigraphic log of the Skotnicki Stream section, C – cross-section

For explanations see Figure 4

Fig. 6. Thick-bedded marls of the Kremna Fm. from the Stary
Stream section at Szlachtowa
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Fig. 8. Typ i cal lithofacies the Skotnicki Stream sec tion at Szczawnica

A – dark marly shales with in ter ca la tions of bro ken, thick-bed ded, sand stone in over turned po si tion; B – dark marly shales with in ter ca la tions
of me dium-grained thick-bed ded sand stone; C – de bris of fine-grained sand stones; D – ver ti cal dip ping, dark shales with in ter ca la tions of
very fine-grained sand stones, in ver ti cal po si tion; E – sub-ver ti cal dip ping, dark shales with in ter ca la tions of me dium-bed ded sand stones;
F – thick-bed ded, lam i nated fine-grained sand stones with in ter ca la tions of dark shales
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Fig. 9. Typ i cal lithofacies from Koz³ecki Stream sec tion

A – vertical dipping, thick-bedded turbiditic sandstones; B – thin and very thin-bedded turbiditic sandstones with thin intercalations of
shales, in overturned position; C – fragment of thick-bedded sandstone incorporated in dark shales; D – drag flute casts on the basal

surface of the thick-bedded sandstone; E – dark shales with intercalations of the thin-bedded sandstones



Krynica suc ces sion of the Magura Nappe, close to the north ern
bound ary of the PKB. This is a large ex po sure well-known as
the Zawiasy sec tion (Birkenmajer, 1979, 1986; Golonka et al.,
2006). Ac cord ing to Birkenmajer (1979, 1986) the Zawiasy sec -
tion be longs to the Ju ras sic–Lower Cre ta ceous suc ces sion of
the Branisko Unit. Here, the PKB and the Magura Nappe con -
tact along a lon gi tu di nal re verse fault. Ac cord ing to Golonka et
al. (2006) this bound ary de vel oped as a ma jor right-lat eral
strike-slip fault, be tween the Magura Nappe and the PKB. Re -
cently, Golonka et al. (2015) con sid ered the Zawiasy Klippen to
be a big olistolith de vel oped dur ing the Paleocene. Birkenmajer
(1986) in ter preted that be tween the Branisko Unit and the
Magura Nappe there are wedged frag ments of the Grajcarek
Unit (Malinowa and Jarmuta for ma tions), now not ex posed. The 
geo log i cal pro file of the left bank of the Dunajec River, near the
Cha pel of St. Kinga, was first de scribed by Alexandrowicz et al.

(1966). In this ex po sure, all de pos its of the Magura suc ces sion
are NW-dip ping (Fig. 10), in over turned po si tion
(350–340°/15–35°). This ~30 m thick pro file is com posed of
shales and siltstones with in ter ca la tions of thin-beddded lam i -
nated sand stones as well as me dium- to thick-bed ded sand -
stones with con vo lu tions and clasts of shale balls. The base
and top of the pro file is com posed of £¹cko-type marls, ~9 m
and 2.2 m at the base and the top re spec tively. The pro file stud -
ied dis plays coars en ing- and thicking-up wards se quences
(Figs. 10 and 11), com posed of thick-bed ded sand stones (1.8
up to 5.0 m). These sand stones are amal gam ated and con tain
clast lev els. The sand stone beds are over lain by hard
grey-green ish £acko-type marls, up to 3 m thick. The marls are
fol lowed by dark grey marly mudstones, up to 8 m thick
(Fig. 10). For long, these de pos its were re garded as the
Szczawnica Fm. of Paleocene/Eocene age; their age was de -
ter mined first by Alexandrowicz (1966), based on rare ben thic
and plank tonic foraminifers such as Globorotalia
marginodentata Sub., and G. cf. crassata Cushman, and sub -
se quently Birkenmajer and Dudziak (1981) in cluded these beds 
into the up per part of the Szczawnica For ma tion (Lower
Eocene, NP-10/11 Zone). These beds have been re garded as
the Zarzecze For ma tion (Chrustek et al., 2005). Re cently,
Golonka and Waœkowska (2014) stud ied foraminifera from this
sec tion and de ter mined the age of these de pos its as not older
than late Ypresian–early Lutetian.

DUNAJEC RIVER WEST OF CZORSZTYN

Frydman (N49°26.413 E20°14.115). The sec tion sudied is
lo cated along the road from Frydman to Czorsztyn (Fig. 2). In
the aban doned quarry WP 657 are ex posed thick-bed ded
sand stones (0.5–1.5 m) steeply dip ping to the south (170/70° in 
nor mal po si tion), with an in ter ca la tion of thin-bed ded, very fine
sand stone and grey marly shales (Fig. 12). The thick-bed ded
sand stones con tain muddy clasts and show palaeotransport di -
rec tion from the east.

Huba (N49°27.889 E20°14.599). This pro file is lo cated be -
low the Huba-Maniowy/Czorsztyn road, in a small left trib u tary
of the Czorsztyn Lake (WP 27).

Over a dis tance of ~170 m, the pro file ex poses a
shale/sand stone suc ces sion ~100 m thick. The suc ces sion is
sub-ver ti cally dip ping to the N (360/70), in over turned po si tion.
This suc ces sion is com posed of me dium- to thick-bed ded
sand stones with in ter ca la tions of dark grey marly shales
(Fig. 13). The grey hard, me dium to thick-bed ded sand stones
are mainly fine-grained. Lo cally, the basal parts of the beds are
com posed of cha ot i cally dis persed quartz and lithoclastic
grains, pass ing up wards into the fine, oblique-lam i nated sand -
stone. The lam i nate sur faces are rich in coalified plant and
mus co vite de tri tus. In some places, in the lower and the mid dle
parts of the pro file, oc cur in ter ca la tions of the £¹cko type marls,
up to 2 m thick. There is an ex po sure gap in the 80–155 m in ter -
val of the pro file. This suc ces sion has been dis tin guished by
Watycha (1976) as the Lower Eocene of the Turbacz Beds or
the Lower Eocene sub-Magura Beds by Birkenmajer and
Dudziak (1981) and Kulka et al. (1991).

Knurów (N49°29.387’ E20°10.460’). This pro file is lo cated
~4 km west of lo cal ity Huba (Fig. 2). In the left trib u tary of the
Dunajec River Magura-type sand stones are ex posed, with in -
ter ca la tions of marly shales. These de pos its dip gently to the
north and were clas si fied by Burtan et al. (1981) as the
Paleocene Ropianka Beds. Later Cieszkowski (1992) de fined
these strata as the Malcov For ma tion and Waksmund Beds
(Up per most Eocene–Lower Mio cene).
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Fig. 10. Lithostratigraphic log of the St. Kinga section

For other explanations see Figure 5
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Fig. 11. Typ i cal lithofacies in the St. Kinga sec tion.

A, B – pack ets of the thin-bed ded flysch de pos its; C – bro ken pack ets of the £¹cko type marls; D – over turned, NE dip ping se quence of
the thick-bed ded sand stones, “£¹cko Marls” and thin-bed ded turbidites; E, F – de tail of the Figure 11D



Waksmund (N49°29.418’ E20°04.520’). These ex po sures
are lo cated at Waksmund, ~1.5–2 km east of Nowy Targ 
(Fig. 2). Burtan et al. (1981) in cluded these de pos its into the
Inoceramian–Ropianka Beds (Paleocene). Later (Cieszkowski
and Olszewska, 1986) clas si fied them as the Malcov For ma tion 
(up per most Eocene–Oligocene), and Cieszkowski (1992)
termed them the Waksmund Beds.

PRESERVATION, SPECIES DIVERSITY AND ABUNDANCE 
OF CALCAREOUS NANNOPLANKTON

Con sid er ing all the as sem blages in ves ti gated, the pres er -
va tion of cal car e ous nannofossils is mod er ate (M) or pre dom i -
nantly mod er ate-to-good (M–G) (Ap pen di ces 1 and 2*).
Nannofossils show mi nor etch ing and mi nor to mod er ate over -
growth. The good to mod er ate pres er va tion of nannofossils in -
di cates that lit tle car bon ate dis so lu tion has oc curred in these
de pos its (Fig. 14).

For each sam ple the ra tio be tween autochthonous and re -
worked nannofossils was es ti mated. To dis tin guish re worked
from in-place nannofossils the full strati graphic ranges of spe -
cies were used. In di vid ual spe cies older than the youn gest as -
sem blage were iden ti fied as re worked taxa.

A max i mum of 66 spe cies were iden ti fied dur ing quan ti ta -
tive and qualitive anal y ses of the cal car e ous nannoplankton.
How ever, the abun dance pat tern as well as the tax o nom i cal di -
ver sity var ies, not only be tween sec tions but also be tween sam -
ples from a par tic u lar sec tion.

Skotnicki Stream sec tion. The ma jor ity of sam ples were
bar ren and only four sam ples con tained de ter mi na ble
nannoplankton spe cies. The as sem blage is mod er ately di -
verse. The most char ac ter is tic spe cies are Cyclicargolithus
floridanus, Ericsonia formosa, Zygrhabilithus bijugatus,
Neococcolithes dubius, Chiasmolithus grandis, Coccolithus
pelagicus, Sphenolithus ra di ans, Discoaster deflandrei, D.
binodosus and Chiasmolithus solitus.

Koz³ecki Stream, Cha pel St. Kinga, Huba, Frydman,
Knurów and Waksmund sec tions. The as sem blage ob tained 
is mod er ately di verse. The rel a tive abun dance of sam ples usu -
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Fig. 13. Lithostratigraphic log of the Huba section

For lithology explanation see Figure 5

Fig. 12. Very thick-bedded sandstones and marly shales in the Frydman section

* Supplementary data associated with this article can be found, in the online version, at doi: 10.7306/gq.1425

https://gq.pgi.gov.pl/article/downloadSuppFile/25844/3370
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ally ranges from 10 to 15 spe cies per ob ser va tion field. The dif -
fer ence be tween the as sem blages from these sec tions is
mostly quan ti ta tive; qual i ta tively, the as sem blages are sim i lar.
They were di vided into autochthonous and re worked spe cies,
then the per cent age of both was cal cu lated in each sam ple (Ap -
pen dix 2). As it is highly prob a ble that long-lived spe cies are
both autochthonous and re worked, the cal cu la tion should be
con sid ered as a “min i mum re worked ra tio”

The autochthonous spe cies in clude Braarudosphaera
bigelowii, Coccolithus pelagicus, C. subpertusus,
Coronocyclus nitescens, Cyclicargolithus floridanus,
Pontosphaera discopora, P. multipora, Reticulofenestra haque, 
Sphenolithus calyculus, Sph. conicus, Sph. disbelemnos, Sph.
dissimilis, Sph. moriformis, Tetralithoides symeonidesii,
Umbilicosphaera rotula and Zygrhabilithus bijugatus.

In most sam ples from the Huba sec tion the per cent age of
autochthonous spe cies (Ap pen dix 2) var ies from 26 to 34%.
The most nu mer ous autochthonous spe cies pres ent in each
sam ple are Coccolithus pelagicus and Sphenolithus
moriformis. The per cent age vari a tion in the Huba sec tion is
shown in Ap pen dix 2.

The per cent age of the spe cies Umbilicosphaera rotula is in
the range of 1–3%. The spe cies Umbilicosphaera rotula,
Pontosphaera discopora and Sphenolithus conicus show in
most sam ples with a sim i larly fluc tu at ing per cent age. Other
spe cies such as Braarudosphaera bigelowii, Pontosphaera
multipora, Sph. disbelemnos and Sph. dissimilis are ir reg u larly
pres ent in the sam ples. The low est abun dance was no ticed in
the case of Sph. calyculus and Sph. disbelemnos.
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Fig. 14. LM microphotographs of typical nannofossil species

A – Braarudosphaera bigelowii, B – Chiasmolithus modestus, C – Coccolithus pelagicus, D – Cyclicargolithus abisectus, E – Discoaster
deflandrei, F – Reticulofenestra umbilica, G–I – Sphenolithus conicus, J, K – Sphenolithus disbelemnos, L – Sphenolithus moriformis, M, 

N – Umbilicosphaera rotula; A–D, F–M – crossed polars; E, N – parallel polars; scale bar is the same for all photographs

https://gq.pgi.gov.pl/article/downloadSuppFile/25844/3371


The level of re work ing is gen er ally high. It var ies from 54%
to 68% for the sam ples col lected from the Huba sec tion (Ap -
pen dix 2). The re worked as sem blage con sists of Paleogene
and Cre ta ceous taxa.

The most abun dant re worked spe cies in the Huba sec tion
in clude Ericsonia formosa, Toweius crassus, T. rotundus, T.
selandianus and un di vided Cre ta ceous spe cies (see Ap pen -
dix 2).

Pres er va tion, spe cies di ver sity and abun dance of
foraminiferal micro fauna from Stary Stream, and the
Szlachtowa and Waksmund sec tions. Plank tonic
foraminifera from the Stary Stream sec tion (WP 242-2, WP
242-3) and Waksmund 11 (Nowy Targ 11) sec tions are re duced 
in size and abun dance. Their as so ci a tion con sists of
globigerinids, paragloborotaliids, globorotaliids, chiloguembeli -
nids and tenuitellinids (Figs. 15–17). Most com mon are
five-cham bered spe cies of Globigerina ciperoensis and Gl.
ciperoensis angustisuturalis, which are known mostly from Up -

per Oligocene for ma tions. Nev er the less, the LO of Globigerina
ciperoensis is marked in the Lower Mio cene be tween the M1
and M2 zones (e.g., Wade et al., 2011), which is also the case
for other spe cies (Globigerinoides primordius,
Chiloguembelitria samwelli, Globigerina woodi). These spe cies
(Fig. 15) are as so ci ated, and partly also re worked, with Early
Mio cene spe cies such as Globigerina ciperoensis
ottnangiensis (FO – Zone M2), Paragloborotalia kugleri (Zone
M1), Paragloborotalia in cog nita (Zone M2), Globorotalia
mayeri, Globigerina falconensis and Tenuitella inaequiconica.
The spe cies Paragloborotalia kugleri is known as an early
mem ber of the Neo gene globorotaliids and a biostratigraphic
marker of Zone M1 (e.g., Keller, 1981; Spezzaferri, 1991;
Berggren et al., 1995; Rögl, 1996).

Foraminiferal as so ci a tions of the Kremna Fm. are spe cific
by the pres ence and di ver sity of globorotaliids. Their rounded
forms with arched ap er tures be long to the spe cies Globorotalia
(Paragloborotalia) in cog nita and Glob. peripheroronda. Glob.
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Fig. 15. Stratigraphic assessment of the Kremna Fm. using planktonic foraminifera

Age data are constrained by the biostratigraphic ranges of foraminiferal species, their first and last
occurrences (FO, LO), bioevents and zonal markers (see Berggren et al., 1995); overlapping

stratigraphical range of foraminiferal species is marked by grey field
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Fig. 16. Paragloborotaliid and globorotaliid species of foraminifers from the Kremna Fm.

A, B – Paragloborotalia kugleri (Bolli, 1957), um bil i cal sides, Stary Stream, WP 242; C – Paragloborotalia in cog -
nita (Walters, 1965), um bil i cal side, Waksmund 11; D–F – Globorotalia peripheroronda Blow and Ban ner, 1966:
D – spi ral side, E – um bil i cal side, Stary Stream, WP 242, F – um bil i cal side, Waksmund 11; G–I  – Globorotalia
scitula praescitula Blow, 1959, um bil i cal sides: G, H – Waksmund 11, I – Stary Stream, WP 242; J, K  –
Globorotalia cf Glob. archeomenardii Bolli, 1957, um bil i cal sides: J – Stary Stream, WP 242, K – Waksmund 11;
L – Globorotalia birnageae Blow, 1959, um bil i cal side, Stary Stream, WP 242; M–O – Globoconella miozea
(Finlay, 1939), um bil i cal sides, Waksmund 11
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Fig. 17. Globigerinid, chiloguembelinids and tenuitellinid species of foraminifers from the Kremna Fm.

 A–C – Globigerina ottnangiensis Rögl, 1969, um bil i cal sides, Waksmund 11; D, E – Globigerina ciperoensis
Bolli, 1954, um bil i cal sides, Waksmund 11; F – Globigerina ciperoensis angustisuturalis Bolli, 1957, um bil i cal
side, Waksmund 11; G – Globigerina bolli Cita and Premoli Silva, um bil i cal side, Waksmund 11; H, I –
Globigerina falconensis Blow, 1959, um bil i cal sides, Waksmund 11; J, K – Globigerinoides cf. primordius Blow
and Ban ner, 1962, spi ral sides: J – Stary Stream, WP 242, K – Waksmund 11; L – Globigerina woodi Jenkins,
1960, um bil i cal side, Waksmund 11; M, N – Chiloguembelitria samwelli (Jenkins, 1978), side views, Waksmund
11; O – Tenuitella inaequiconica (Subbotina, 1960), um bil i cal side, Waksmund 11



(P.) in cog nita de fines the Early Mio cene Zone M2/N5 by its ap -
pear ance be tween the LO of Paragloborotalia kugleri and FO of 
Glob. praescitula (Berggren et al., 1995). Glob. peripheroronda
evolved from older spe cies of Paraglorotalia kugleri and de vel -
oped to an ces tral forms of the Early Mio cene globorotaliids.

INTERPRETATION

BIOSTRATIGRAPHY

Cal car e ous nannofossils. The old est as sem blage among 
all the sam ples in ves ti gated came from the Skotnicki Stream
sec tion. This sam ple con tains an as sem blage not older than
mid dle Eocene (NP 16) It is characterized by the pres ence of
Ch. grandis, Cyclicargolithus floridanus, Discoaster barba -
diensis, D. saipanensis and Ericsonia formosa.

The up per most part of the Poprad Sand stone Mb. of the
Magura Fm. and the basal por tion of the Kremna Fm., which
are ex posed in Bia³a Woda Stream sec tion, were as signed to
NN1. Such a zone as sign ment is based on a con tin u ous range
of Sphenolithus conicus, S. dissimillis and S. delphix fol low ing
the dis ap pear ance of D. bisectus (see Oszczypko and
Oszczypko-Clowes, 2010, 2014).

A youn ger age was de ter mined in sam ples from the Cha pel
St. Kinga, Koz³ecki Stream, Huba, Frydman, Knurów and
Waksmund sec tions. Qual i ta tive stud ies en abled de ter mi na tion 
to the Lower Mio cene (NN2 Zone). The Discoaster druggii Zone 
– NN2 is de fined be tween the first ap pear ance of Discoaster
druggii, and the last oc cur rence of Triquetrorhabdulus carinatus
(Mar tini and Wors ley, 1970). It is note wor thy that Helicosphaera 
scissura and H. ampliaperta are not pres ent in re sid ual flysch
bas ins; these spe cies are typ i cal of the Pannonian re gion and
the stratotypes of the Eggenburgian (see Holcová, 2002,
2005).The above-men tioned spe cies do not oc cur in the sam -
ples. The co ex ist ing taxa, which were used to de ter mine the
biostratigraphic po si tion are as fol lows: Umbilicosphaera rotula
(with a strati graphic range of NN2–NN16), and Sphenolithus
disbelemnos Fornaciari and Rio (1996), rang ing NN2–NN3. Ac -
cord ing to Young (1998), such a nannofossil as so ci a tion is
char ac ter is tic of the NN2 Zone. The same age was de ter mined
from the Stary Stream sec tion (see sam ples WP242 1–3 in
Oszczypko and Oszczypko-Clowes, 2014).

Foraminiferal micro fauna from the Kremna Fm. (Stary
Stream and Waksmund sec tions). The pres ence of Glob.
scitula praescitula is con sid ered to be a most im por tant da tum,
which ap peared not be fore 18.5 Ma (Berggren et al., 1995).
This spe cies stratigraphically over lapped the Mid dle–Up per
Burdigalian Zone (N6). The as so ci a tion of globorotaliids is com -
pleted by the spe cies Globorotalia birnageae and Glob. cf.
kingmai, which are known to have FOs in Zone NN4b (Chaison
and Leckie ,1993).

Plank tonic foraminifers pro vide data for a Lower Mio cene
age of the Kremna Fm. Some of them are Late Oligocene–Ear -
ly Mio cene spe cies of globigerinids (e.g., Globigerina cipero -
ensis, Globigerinoides primordius, Globigerina woodi), but
there are also marker spe cies of the M1 Zone (Paragloborotalia 
kugleri, Globigerina ciperoensis ottnangiensis). Nev er the less,
the pres ence of de scen dant spe cies such as Globorotalia
peripheroronda and Globorotalia (Paragloborotalia) in cog nita,
points to a youn ger age (M2/N5 Zone). This is also most ev i -
dent from the ap pear ance of Globorotalia scitula praescitula at
the base of the M3/N 6 Zone (FO – 18.5 Ma), which is as so ci -
ated with other Burdigalian spe cies (Globorotalia birnageae,
Glob. cf. kingmai). The im por tant spec i mens of the as sem blage 
are plank tonic foraminifers such as Globoconella miozea and

Globorotalia cf. archeomenardii. The Globorotalia spe cies dif fer 
partly in FO da tums. The base of Globorotalia (Globoconella)
miozea is dated at 16.70 Ma (Berggren et al., 1995), fol lowed by 
the FO of Globorotalia archeomenardi at 16.50–16.26 Ma
(Scott et al., 1990; Wade et al., 2011). How ever, in the
Parathetys, the FO of Globorotalia (Globoconella) miozea is
known from the Lower Burdigalian M2 Zone (B. Olszewska,
per sonal com mu ni ca tion, 2018). Ad di tion ally Globorotalia cf.
Glob. archeomenardii, be ing the conformis spe cies, can not be
the ba sis for de ter min ing a Late Burdigalian age.

Nev er the less, some tran si tional forms such as Globorotalia
pseudomiozea ap peared as early as 17.6 Ma in Chron C5Dn
(e.g., Berggren, 1977; Keller, 1981). Magnetostratigraphic data
re veal the FO of Globorotalia miozea at the be gin ning of
C5Cn.3n (Berggren et al., 1995), while Turner et al. (2007) cor -
re lated this bioevent with the slightly older magnetozone C5Cr.
The up per limit of the C5Cr Zone cor re sponds to 17.6 Ma,
which is close to the  LOs of Sphenolithus disbelemnos and S.
conicus in the top of the Burdigalian Stage (17.95 Ma –
Maiorano and Monechi, 1997; Bown and Dunkley Jones, 2012). 
These sphenoliths oc cur also in Ottnangian de pos its of
nannoplankton zone NN2 and NN3 in the Al pine-Carpathian
Foreedep (e.g., Roetzel et al., 2007).

AGE DETERMINATION OF REWORKED 
NANNOFOSSIL ASSEMBLAGES

The pre cise age de ter mi na tion of Paleogene as sem blages
is not easy, es pe cially as an over lap pat tern of sev eral in dex
spe cies is pres ent. The only typ i cal Early Eocene taxa is
Discoaster lodoensis (NP12–14). The most abun dant taxa are
long-rang ing spe cies in clud ing D. barbadiensis (NP10–20),
Ericsonia formosa (NP 12–21), Helicosphaera bramlettei
(NP14–23), Lanternithus minutus (NP16–22), Reticulofenestra
hillae (NP16–22) and R. umbilica (NP16–22).

Their strati graphic ranges span from the Middle Eocene to
the Early Oligocene. These taxa may con sti tute ei ther Middle
Eocene, Late Eocene or even Early Oligocene as sem blages.
The pres ence of the Middle Eocene may be dated by
Chiasmolithus grandis (NP11–17).

The pres ence of Isthmolithus recurvus sug gests that part of
the as sem blage may be not older than the NP19/20 Zone (Up -
per Eocene) and not youn ger than NP22 (Lower Oligocene), as
R. umbilica is the in dex spe cies for the up per limit of Zone
NP22.

PALAEOECOLOGY OF KREMNA FORMATION 
FROM HUBA SECTION

Quan ti ta tive anal y sis of the coccolith as sem blages from the
sam ples col lected from the Pod Hub¹ Stream has al lowed a
palaeoenvironmental anal y sis of the de pos its stud ied. For this
pur pose, ac count was taken of match ing palaeo eco logi cal pref -
er ences of spe cies in terms of tem per a ture and nu tri ent con -
tent. As noted ear lier, long-lived spe cies such as Coccolithus
pelagicus and Sphenolithus moriformis are both autochthonous 
and re worked; the cal cu la tion fol lowed by the in ter pre ta tion
should be con sid ered as an ap prox i ma tion of palaeo eco logi cal
con di tions.

Tem per a ture is one of the most im por tant fac tors in flu enc -
ing the biogeography of cal car e ous nannoplankton in sed i men -
tary bas ins (i.e., Wei and Wise, 1990 and ref er ences therein;
Wei et al., 1992; Agnini et al., 2006; Gibbs et al., 2006, Villa et
al., 2008 and ref er ences therein). Based on the anal y sis of
autochthonous spe cies, the as sem blages are dom i nated by
cold wa ter taxa. Among these, Coccolithus pelagicus and
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Cyclicargolithus floridanus are the most char ac ter is tic. C.
pelagicus is to day a sub po lar spe cies. Its pre ferred wa ter tem -
per a ture ranges from –1.5 to +15°C, and its larg est con cen tra -
tion is at tem per a tures of 2–12°C (Okada and McIntyre, 1979;
Win ter et al., 1994, Æoriæ and Rögl, 2004). There fore,
Coccolithus pelagicus is widely used as a palaeotemperature
proxy for cold wa ters in palaeoceanographic stud ies, as a qual i -
ta tive/semiquantitative pa ram e ter (McIntyre and Bé, 1967,
1970). In con trast to such an in ter pre ta tion are the re sults of
Cachao and Moita (2000) show ing that Coccolithus pelagicus
oc curs in the Ibe rian upwelling sys tem. Hence, the pres ence of
C. pelagicus off Ibe ria and other ar eas such as north west ern
and south west ern Af rica, sug gests that this spe cies has an af -
fin ity to upwelling ar eas. C. pelagicus op ti mum con di tions and
max i mum tem per a tures can be ex tended to 16 and 18°C. At
high lat i tudes Cyclicargolithus floridanus is prac ti cally not pres -
ent. It is, how ever, found in tem per ate lat i tudes, less fre quent 
high or lower ones (Wei and Wise, 1990). Spe cies pre fer ring
mod er ate wa ter in clude also Coronocyclus nitescens and
Umbilicosphaera rotula.

The only warm-wa ter spe cies is Sphenolithus moriformis. It
is more com mon in low lat i tudes than in high ones. It was also
more com mon around the con ti nents or seamounts than in the
open ocean (Perch-Niel sen, 1985).

DISCUSSION

Be tween the Bia³a Woda Val ley in the east and the Bia³y
Dunajec River in the west (Fig. 2), there is a mor pho log i cal and
tec tonic de pres sion be tween the south ern slope of the Gorce
and Beskid S¹decki ranges and the PKB. This de pres sion is oc -
cu pied by the de pos its of the Kremna Fm. (Aquitanian–Burdi -
galian), for merly known as the Szczaw nica Fm. (Up per
Paleocene/Lower Eocene, see Burtan et al.,1981; Birkenmajer
and Oszczypko, 1989 and ref er ences therein), This for ma tion is 
com posed mainly of thin- to me dium-bed ded turbidites with in -
ter ca la tions of dark marly mudstones. There are also sub or di -
nate thick-bed ded sand stones and ex otic con glom er ates, as
well as thick beds of £¹cko-type marls. East of the Bia³a Woda
fault, the Kremna Fm. over lies the PoSM of the Magura Fm.
(Up per Oligocene). Sim i lar re la tion ships have been iden ti fied
by some of us (Oszczypko et al., 2005a; Oszczypko and
Oszczypko-Clowes, 2010, 2014) near Kremna (East Slovakia)
and along the Pol ish-Slo vak bor der (Dubne–Ruska Vola) near
Leluchów. The Kremna Fm. type of de pos its has been rec og -
nized also be tween East ern Slovakia (Laborec Beds, Humenné 
area; Matašovsky and Andreyeva-Grigorovich, 2002) and the
Horna Orava re gion in West ern Slovakia (Oszczypko-Clowes
et al., 2013), at a dis tance of ~200 km. Prob a bly, de pos its sim i -
lar to the Kremna Fm. con tinue, along the PKB to the east, up to 
the Ukrai nian Carpathians (e.g., Drahovo Fm. of the
Marmarosh Flysch, see Oszczypko et al., 2005b; Hnylko and
Hnylko, 2016). Oligocene/Mio cene de pos its, sim i lar to the
Kremna Fm., have been rec og nized as the Zawada Fm. south
of Nowy S¹cz in the Raèa Sub-unit of the Magura Nappe
(Oszczypko et al., 1999; Oszczypko and Oszczypko-Clowes,
2002). The pres ence of the Kremna Fm. in the Bystrica
Sub-unit is also not ex cluded.

The re sults of our re search sug gests that around the
Oligocene/Early Mio cene bound ary in the Pol ish part of the
OWC, there were two re sid ual flysch bas ins: a south ern one lo -
cated in front of the up lifted PKB, and the CWC. The nar row re -
sid ual Magura ba sin was lo cated at the front of the PKB, be -
tween Humenné in the east and the Horna Oravá re gion in the
west. The north ern re sid ual ba sin  was lo cated on the Eu ro pean 
Plat form, in front of the over rid ing accretionary wedge of the

Carpathian flysch nappes. In the Mid dle Mio cene this ba sin was 
trans formed into the Carpathian Foredeep (e.g., Kováè et al.,
2016, 2017). On this ba sis it can be in ferred that Oligo -
cene/Mio cene sed i ments were de pos ited in a nar row re sid ual
Magura Ba sin.

On the ba sis of palaeotransport mea sure ments it can be
con cluded that the Kremna–Zawada Ba sin was sup plied from
the SE, prob a bly from the South Magura source area, which
was ac tive dur ing the Paleogene (Oszczypko et al., 2016;
Kovaè et al., 2016). To a small ex tent, the Kremna Ba sin may
have been sup plied from the par tially emer gent PKB. This is
sug gested by the pres ence of small olistoliths of Up per Ju ras sic 
lime stones in the Kremna Fm. (the Durbaszka Mas sif along the
Pol ish/Slo vak bound ary, Oszczypko and Oszczypko-Clowes,
2014). These de pos its for merly have been as signed to the
Eocene/Oligocene as the Z³atny Beds (e.g., Golonka and
R¹czkowski, 1984). Re cently, Golonka et al. (2015) dis tin -
guished two stages of olistostrome for ma tion; dur ing the Late
Cre ta ceous/Paleocene (e.g., Jarmuta Ba sin) and dur ing the
Paleogene (e.g., Zlatna Ba sin).

The palaeo geo graphi cal po si tion of the Kremna–Zawada
Ba sin is shown on Fig ure 18. The Kremna Fm. could be re -
garded as synorogenic de pos its of the re sid ual Magura Ba sin,
de vel oped in the course of the orogenic short en ing and up lift ing 
of the West ern Outer Carpathians. The Kremna–Zawada Ba sin 
may be re garded as a kind of “pig gy back ba sin” which de vel -
oped si mul ta neously with the on set of for ma tion of the
Carpathian Foredeep at the front of the WOC orogen. This is
doc u mented by the Aquitanian transgressive de pos its over the
plat form base ment and be neath the Carpathian overthrust, rec -
og nized west of Kraków in the Andrychów 6 bore hole
(Oszczypko and Oszczypko-Clowes, 2003).

The tec tonic con tact of the Kremna/Zawada re sid ual ba sin
with the PKB was ac tive af ter the Burdigalian and un til the
Sarmatian. Dur ing that in ter val, this con tact zone was pe ri od i -
cally dom i nated both by stretch ing/sub sid ing/de po si tion pe ri -
ods as well as by pe ri ods of com pres sion (thrust ing and
strike-slip fault ing). In a broader re gional per spec tive, the
Oligocene and Early Mio cene evo lu tion of the West ern Outer
Carpathian bas ins, in clud ing the Kremna/Zawada Ba sin, are
dis cussed ex ten sively in re cent pub li ca tions by Kovaè et al.
(2016, 2017).

The Early Mio cene foraminiferal micro fauna of the Kremna
Fm. pro vides an im por tant in sight into the palaeo ge ogra phy of
the Magura Ba sin. Sim i lar as so ci a tions of Early Mio cene
foraminifers have been de scribed from the Zawada Fm.
(Oszczypko et al., 1999), Zebrzydowice and Vorotyshche fms.
of the Carpathian Foredeep and Stebnik/Stebnyk Unit
(Subbotina, 1960; Odrzywolska-Bieñkowa and Olszewska,
1996; Garecka and Olszewska, 1997, 1998), the Lower Mio -
cene for ma tions of the Waschberg Unit and Nord Al pine Fore -
land Ba sin (Rögl and Nagymarosy, 2004; Roetzel et al., 2006;
Grunert et al., 2010a, b, c), and the Hida For ma tion of the
Transylvanian Ba sin (Filipescu and Beldean, 2008; Beldean
and Filipescu, 2012). The most im por tant com po nents of this
micro fauna are globorotaliids, which are known mainly from the
Indo-Pa cific area. The pres ence of abun dant globorotaliids in
the Lower Mio cene for ma tions of the Magura Ba sin im plies its
com mu ni ca tion with the Indo-Pa cific Ocean and the in flow of
open ma rine wa ters. The ap pear ance of the Globorotalia
praescitula co in cided with the on set of the ma jor cool tem per ate 
event Milb (Scott et al., 1995), which is also con strained in the
Cen tral Paratethys to about 17.8 Ma (Grunert et al., 2010a, b,
c). De scen dant spe cies like Globoconella miozea de vel oped a
crust in re sponse, to in habit cool-wa ter masses of mesopelagic
and bathypelagic en vi ron ments (Scott, 1972). There fore,
globorotaliids of the praescitula–miozea lin eage pro vide the
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prin ci pal bioevents for the late Early Mio cene zonation of sub -
arc tic and tran si tional ar eas (Berggren et al., 1995). Early Mio -
cene cli ma tic cool ing fa cil i tated a mi gra tion of Globorotalia
praescitula and an other keeled and en crusted globorotaliids
from high to mid dle and low lat i tudes. They also oc cu pied
deep-wa ter en vi ron ments of the Early Mio cene Magura Ba sin.

The Early Mio cene flysch ba sin of the Magura Nappe dif fers 
con sid er ably from sur round ing bas ins of the Carpatho-Pan -
nonian realm by deep- and cool-wa ter con di tions, an ab sence
of the mixed layer and warm to tem per ate-wa ter plank tonic spe -
cies (e.g., Globigerinoides spe cies, helicosphaerids). Such
morphotypes of globorotaliid and globoconellid spe cies be long
to thermocline hab i tats, which re pro duced in wa ters colder and
deeper than those of the sur face mixed layer spe cies (Keller,
1985; Norris et al., 1994). This points to depth strat i fi ca tion and
cir cu la tion of wa ter masses in a deep-wa ter ba sin. More over,
globorotaliid spe cies such as Glob. praescitula were op por tu -
nis tic forms (Scott et al., 1995), in di cat ing a high level of trophic
re sources, which may have been el e vated by upwelling ac tiv ity
in the Magura re sid ual ba sin. In mid-Burdigalian time, upwelling 
con di tions were also re corded along the Paratethyan coasts
(e.g., Roetzel et al., 2006; Grunert et al., 2010a, b, c).

CONCLUSIONS

1. In the tec tonic de pres sion be tween the PKB and the
Gorce–Beskid S¹decki ranges, the Kremna For ma tion flysch
de pos its, up to 1000 m thick, have been rec og nized.

2. The age of these de pos its, for merly known as Late
Paleocene/Early Eocene Szczawnica Fm., is de ter mined to be
Aquitanian/Burdigalian, based on new re search on cal car e ous
nannoplankton and foraminifera.

3. Palaeotransport mea sure ments in di cate sed i ment sup ply 
from the SE.

4. A sig nif i cant amount of re worked foraminifera and cal car -
e ous nannoplankton sug gests the feed ing of flysch ma te rial
from Eocene ero sional mas sifs.

5. The length of the re sid ual Kremna/Zawada Basin, open
to the east, was at least 200 km and the width was ~50 km.

6. The late Mio cene/Plio cene Nowy Targ–Orava Ba sin is a
suc ces sor struc ture to the Kremna Ba sin.

Ac knowl edge ments. The au thor wishes to thank
K. Holcova, M. Krobicki and anon y mous re view ers for their con -
struc tive crit i cism and de tailed re view of the manu script. This
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founds) and par tially fi nanced from APVV-14-0118 a, VEGA
2/0034/16.
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