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The re search on the Oligocene suc ces sion of the Cen tral Carpathian Paleogene Ba sin (CCPB) in the Kacwin re gion fo cused
on sedimentological and palynofacies anal y ses. Ob ser va tions were car ried out in nat u ral ex po sures along three streams
flow ing in the Pol ish Spisz: Kacwinianka, Łapszanka and Kacwiński. Three main groups of lithofacies have been dis tin -
guished: coarse-grained, mixed and sandy-grained, and fine-grained. The lithofacies are char ac ter ized by vari able sed i men -
tary struc tures, e.g. mas sive struc ture, hor i zon tal lam i na tion, rip ple cross-lam i na tion, hummocky cross-strat i fi ca tion,
de for ma tion struc ture. Sedimentological anal y ses showed that struc tures typ i cal for tur bid ity cur rents and those char ac ter is -
tic of rel a tively shal low de po si tion (HCS, wave rip ples) could co ex ist in the in ves ti gated suc ces sion in ter preted as typ i cal for
tur bid ity cur rents in flu enced by storm waves. This in di cates rel a tively shal low-wa ter en vi ron ments. The palynofacies anal y -
sis en abled iden ti fi ca tion of the fol low ing com po nents: black wood, brown wood, cor tex, resin, sporomorphs, cu ti cle, al gae,
dinoflagellates and AOM. A high pro por tion of black wood and low di ver sity of com po nents point to an or i gin re lated to tur bid -
ity cur rents. Fur ther more, re sults of the palynofacies anal y sis have al lowed de ter min ing that, dur ing the de po si tion of the
CCPB sed i ments in the Pol ish Spisz area, the dis tance be tween the de po si tion area and the source area be came rel a tively
large. The biostratigraphic anal y sis of dinoflagellate cysts from the Podhale Ba sin (Szaflary, Zakopane, and lower
Chochołów beds) in di cates an Early Rupelian age. More over, kerogen anal y sis in the UV was ap plied for the first time to
study the CCPB suc ces sion. As a re sult, re work ing was doc u mented, so far un rec og nized by other meth ods, and the mu tual
ver i fi ca tion of the ob tained re sults was pos si ble.
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INTRODUCTION

The Cen tral Carpathian Paleogene Ba sin (CCPB) de pos its
in the Podhale area are gen er ally rep re sented by sand stones,
cal car e ous claystones, mudstones, shales and con glom er ates. 
Pre vi ous re search on the age of the flysch-like de pos its from
the study area was based on microfossils (e.g., foraminifers); it
was ini ti ated by Kuźniar (1910 fide Roniewicz, 1969) and con -
tin ued by many au thors (e.g., Bieda, 1946, 1948, 1959;
Alexandrowicz and Geroch, 1963; Blaicher, 1973; Dudziak,
1983, 1984, 1986, 1993; Gedl, 1995, 1998, 1999, 2000;
Olszewska and Wieczorek, 1998; Garecka, 2005). The strati -
graphic po si tion of the de pos its from the Pol ish Spisz was in ter -
preted by Gedl (1995, 1998, 1999, 2000), who ana lysed
dinoflagellate cysts from ex po sures near the Łapszanka and
Kacwinianka streams and con cluded that they are Oligocene in

age (Gedl, 1998, 2000; Fig. 1). Worth not ing is the fact that
Gedl’s (1998, 2000) strati graphic in ter pre ta tion dif fers from that
by other au thors who based their con clu sions on other groups
of microfossils (e.g., Bieda, 1959; Garecka, 2005). In the ad join -
ing Orava Ba sin (the Slo vak part of the CCPB), many pa pers
de voted to biostratigraphical microfossil-based stud ies were
also pub lished. The re sults showed un equiv o cally an Oligocene 
age of the for ma tion of CCPB sed i ments (Soták, 1998a; Soták
et al., 2007). How ever, all re ports in di cate dif fer ent ages of the
CCPB de pos its from Podhale, which in duced the need for a
new biostratigraphic anal y sis us ing UV light. How ever, sam ples 
col lected ear lier in the Kacwin area were char ac ter ized by a
small amount of or ganic mat ter and of ten by the lack of dino -
flagellate cysts (Gedl, 2000). Par al lel sedimentological stud ies
were also con ducted in the Podhale re gion (Grzybek and
Halicki, 1958; Radomski, 1958, 1959; Gołąb, 1959; Marschalko 
and Radomski, 1960; Roniewicz, 1966; Marschalko, 1968;
Ronie wicz and Pieńkowski, 1977; Pieńkowski and Westwa -
lewicz -Mogilska, 1986; Westwalewicz-Mogilska, 1986; Jano -
čko et al., 1998; Janočko and Jacko, 1998; Soták and Janočko,
2001; Soták et al., 2001). Un for tu nately, their range did not
cover the area of the Pol ish Spisz, which was con sid ered the in -
ner most part of the north ern zone of CCPB in the Paleogene
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Fig. 1. Sche matic map of the Carpathians in Cen tral Eu rope (A) with lo ca tion of the study area near the vil lage of Kacwin (B)
(af ter Lexa et al., 2000, mod i fied); geo log i cal map of the study area with sam pling sites marked (C) 

(Filipek, 2015, based on Watycha, 1975 and Kulka et al., 1987; mod i fied) 



(Marschalko and Radomski, 1960). Thus, our ob ser va tions can 
com plete the pre vi ous anal y sis of the CCPB de po si tion.

In ter pre ta tion of palynological stud ies of clastic rocks, es pe -
cially of flysch-like type, is rel a tively dif fi cult, be cause the phe -
nom e non of redeposition should be con sid ered. For this rea -
son, three meth ods were ap plied herein: sedimentological anal -
y sis, palynofacies anal y sis, and UV ex ci ta tion. In te gra tion of
palynofacies and sedimentological meth ods broad ens the in -
ter pre ta tions and al lows ver i fy ing the ob tained data. The in ves -
ti ga tions en hanced the de ter mi na tion of the palaeoenviron -
ment, in which the CCPB turbidites were de pos ited, and re -
solved sev eral con tro ver sial is sues. Fur ther more, UV ex ci ta tion 
was used to doc u ment re work ing, which was un rec og niz able by 
other meth ods. In view of the con tro ver sies as so ci ated with the
in ter pre ta tion of age and sed i men tary en vi ron ment, the aim of
this pa per is to re con struct the palaeoenvironmental con di tions
in the east ern Podhale re gion dur ing the Paleogene. The in ves -
ti ga tions al low for a new ap proach to the knowl edge on the
CCPB with regard to stratigraphy, depositional palaeoenviron -
ment, and changes during deposition.

GEOLOGICAL SETTING

The study area is lo cated in Cen tral Eu rope, at the Pol -
ish-Slovakian bor der within the Carpathians (Fig. 1A, B). In the
Oligocene, the area be longed to the Podhale Ba sin, which was
part of the im mense Cen tral Carpathian Paleogene Ba sin
(CCPB). The CCPB in cluded also the Liptov, Levoča, Orava,
Rajec, Turiec and Žilina bas ins and the Poprad and Hornád de -
pres sions (Soták et al., 2001). Tari et al. (1993) and Kázmér et
al. (2003) in ter preted the Podhale Ba sin as a fore-arc ba sin
com posed of thick Oligocene flysch sed i ments, in clud ing those
that orig i nated due to grav ity flows (Marschalko, 1968;
Książkie wicz, 1972). Pres ently, the sed i ments of the Podhale
Ba sin are pre served in the struc tural sub-ba sin, called by
Mastella (1975) the Podhale Synclinorium (Fig. 1B). 

The Podhale Ba sin is bor dered by the Pieniny Klippen Belt
(PKB) from the north and by the Tatra Moun tains from the south 
(Birkenmajer, 1958; Halicki, 1963; Plašienka et al., 2013; Fig.
1B). It ex tends from Spisz in the east to Orava in the west
(Janočko et al., 2000; Lexa et al., 2000; Cieszkowski et al.,
2009). The Pieniny Klippen Belt is a long, nar row and in ten -
sively tectonized struc ture com posed of sev eral suc ces sions of
Ju ras sic to Paleogene rocks rep re sented mainly by lime stones, 
claystones and marls (Andrusov, 1958; Birkenmajer, 1960;
Plašienka and Soták, 2015). The na ture of the con tact be tween
the PKB and the Podhale Ba sin is tec tonic (Birkenmajer, 1958;
Plašienka et al., 2013). In the study area, the Podhale Ba sin is
prob a bly un der lain by the Num mu lit ic Eocene (Kuźniar, 1910
fide Roniewicz, 1969), which is a transgressive de posit that re -
mains in ero sional and sed i men tary con tact with the nappes of
the Tatra Moun tains. 

The Podhale Ba sin is an asym met ric struc ture con sist ing of
sev eral lon gi tu di nal tec tonic zones (Mastella, 1975; Ludwiniak,
2010). The fol low ing zones have been dis tin guished in the
study area: the tec tonic con tact be tween the flysch rocks and
the PKB, the peri-Pieniny flex ure, and the zone of gently dip ping 
beds (Mastella, 1975). In most of the study area, the beds
slightly dip to wards the south. The dip val ues in crease in the
zone of the peri-Pieniny flex ure and be come steep near the
PKB (Mastella and Rybak-Ostrowska, 2012).

The Podhale Ba sin is com posed of thick se ries of clastic
rocks re ferred tra di tion ally to as the Podhale Flysch, which be -
long to the CCPB suc ces sion. These rocks have been sub di -

vided into sev eral in for mal lithostratigraphic mem bers (Gołąb,
1959; Watycha, 1959; Małecka, 1982; Figs. 1C and 2). In the
north ern part of the de scribed area, the old est unit com prises
the Szaflary beds (Szambronska For ma tion sensu Gross et al.,
1984) oc cur ring only in the north ern part of the Podhale Ba sin.
The Szaflary beds are com posed of thick- to me dium-bed ded
sand stones and con glom er ates, interbedded with shales
(Cieszko wski et al., 2009). They are char ac ter ized by a vari able
bed thick ness and vari able grain size, both lat er ally and ver ti -
cally (Watycha, 1976). The over ly ing Zakopane beds (Huty For -
ma tion; Watycha, 1976) are finer-grained than the Szaflary
beds. The lower unit (claystone mem ber) of the Zakopane beds
con sists pre dom i nantly of thin-bed ded mudstones and clay -
stones with only a few in ter ca la tions of sand stones. In ter ca la -
tions of ferruginous dolomites and cal car e ous con glom er ates
are also pres ent (Kosiorek-Jaczynowska, 1959; Watycha,
1976; Cieszkowski et al., 2009). The up per unit (sand stone
mem ber) is rep re sented by claystones and mudstones with
more nu mer ous sand stone in ter ca la tions than in the claystone
mem ber (Cieszkowski et al., 2009). The Chochołów beds
(Zuberec For ma tion; Watycha, 1976) are char ac ter ized by nu -
mer ous thick-bed ded sand stones. The lower unit is a com plex
of thin- and me dium-bed ded sand stones, claystones and mud -
stones. The up per unit (known also as the Brzegi beds) com -
prises mudstones, cal car e ous shales and thin-bed ded sand -
stones with or ganic de tri tus (Watycha, 1976; Małecka, 1982).
Thin tuffite beds were also found in the Chochołów beds
(Micha lik and Wieser, 1959; Roniewicz and Westwalewicz -
-Mogilska, 1974). The bound aries be tween the par tic u lar litho -
stratigraphic units of the CCPB suc ces sion from the Podhale
Ba sin are vari ably pre sented by dif fer ent au thors on the ex ist ing 
geo log i cal maps (Birkenmajer, 1958, 1960, 1968; Watycha,
1975; Małecka, 1982; Lexa et al., 2000).

METHODS

Field work was fo cused on draw ing lithological -sedimento -
logical logs for 42 ex po sures, pho to graphic doc u men ta tion, and 
bed ding dip mea sure ments along the three streams of
Łapszanka, Kacwinianka and Kacwiński  (Fig. 1C) in the north -
east ern part of the Podhale Ba sin. 

Dur ing field in ves ti ga tions, the lithological clas si fi ca tion of
the clastic rocks was based on mac ro scopic ob ser va tions of the 
dom i nat ing grain size. In the case of coarse-grained rocks,
grain-size, sort ing, round ing and shape of clasts were ex am -
ined, fol lowed by ma trix and clast pack ing anal y ses. The col our
of par tic u lar units was also ob served. Car bon ate con tent was
tested in the rocks us ing 10% HCl. More over, the thick nesses
of par tic u lar beds were plot ted; they may in di cate depositional
en ergy or cy clic changes in the sed i men tary set ting. Twenty -
-five sam ples were col lected di rectly in the ex po sures, and they
were or dered in the fol low ing strati graphic suc ces sion: 8Ałł,
8Łm, 7Łp (Łapszanka sec tion), 414a, 414b, 2Kcm, 1Kcp
(Kacwinianka sec tion), 713 (Łapszanka sec tion), 648 (Kacwiń -
ski Stream sec tion), 557pod, 557s, 557nad (Kacwinianka sec -
tion), 635 (Kacwiński Stream sec tion), 4Kcm, 3Kcp, 415 (Kac -
winianka sec tion), 706 (Łapszanka sec tion), 616, 605 (Kac -
wiński Stream sec tion), 417, 416a, 416b, 6Kcm, 5Kcp (Kac -
winianka sec tion), 701 (Łapszanka sec tion) (Fig. 2).

Field ob ser va tions were sup ported with mi cro scopic anal y -
ses, in clud ing (1) micropalaeontological study of se lected sam -
ples, and (2) UV ex ci ta tion. Sam ples of ~50 to 150 grams were
sub ject to stan dard palynological tech niques fol low ing Poulsen
et al. (1990), which in cluded 37% HCl treat ment, 40% HF treat -
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ment, siev ing through a 15 mm sieve, and heavy-liq uid (ZnCl2;
den sity 2.0 g/cm3) sep a ra tion. Glyc erol gel a tine was used as
the mount ing me dium. The rock sam ples and the palynological
res i dues are stored at the Fac ulty of Ge ol ogy, Uni ver sity of
War saw. Not all sam ples have yielded or ganic-walled
dinoflagellate cysts. Small amounts of cysts in some sam ples
might have led to anom a lous quan ti ta tive val ues. For this rea -
son, the range chart is pro vided herein for qual i ta tive pur poses
only.

Dinoflagellate cyst redeposition mainly takes the form of
co-oc cur rence of taxa with dis cor dant strati graphic ranges. Fur -
ther more, UV light ex ci ta tion has also shown good re sults in this 

re spect. Ex ci ta tion is a tech nique that can be
used for mac er ated palynological res i dues in ei -
ther re flected or transmitted light.

Palynofacies anal y sis is based on the ob ser va -
tion of or ganic ma te rial iso lated from the rock us ing 
an op ti cal mi cro scope (Combaz, 1964). It per mits
per form ing sta tis ti cal anal y sis us ing var i ous or -
ganic con stit u ents (Tyson, 2012). This me thod al -
lows for the re con struc tion of depo sitional en vi ron -
ments, biostratigraphic cor re la tion, de ter mi na tion
of pe tro leum po ten tial of the source rock,
palaeogeographic re con struc tions, and iden ti fi ca -
tion of the or i gin of or ganic mat ter (Bat ten, 1996;
Słodkowska, 2003; Tyson, 2012). Com po nents ex -
am ined un der trans mit ted light dis play a large di -
ver sity of col our, mor phol ogy, opac ity and rec og -
niz able struc tures (Tyson, 2012).

AGE DETERMINATION

Biostratigraphic anal y ses based on or ganic
dinoflagellate cysts were con ducted re cently in
the study area by Gedl (1995, 1998, 1999, 2000).
How ever, the sam ples col lected in the area of
Kacwin were char ac ter ized by a small amount of
or ganic ma te rial and of ten by the lack of dino -
flagellate cysts (Gedl, 2000). This has prompted
the au thors to re peat the anal y ses and col lect
sam ples from the Kacwiński Stream, not re ported
by Gedl (2000) in his stud ies. 

Strati graphic ranges of the key dinoflagellate
cysts used in the biostratigraphical anal y sis are
based on the syn thetic works of Wil liams (1978),
Powell (1992), Gradstein et al. (2004), Köthe and
Piesker (2008). The age as sign ment of the cho -
sen sam ples is sum ma rized in Fig ure 3. The re -
main ing sam ples were char ac ter ized by lack of
Dinoflagellata or abun dance of de stroyed cysts,
which sug gest that or ganic ma te rial is re de pos -
ited, e.g. Tityrosphaeridium sp. (Fig. 4G). That is
why they were omit ted in the bio stratigraphic anal -
y sis. Se lected taxa are pho to graph i cally doc u -
mented on the Fig ure 4.

Twenty-five sam ples have been ana lysed,
with dinoflagellate cysts re cov ered in 18 sam ples.
Be cause of low abun dance of the cysts, only qual -
i ta tive re sults are pre sented herein (Ta ble 1). The
best state of pres er va tion and the larg est
amounts of dinoflagellate cysts are ob served in
sam ples from the Łapszanka sec tion. The iden ti -
fied dinoflagellate cysts have al lowed for the

strati graphic in ter pre ta tion of the fol low ing sam ples:
Sam ple 8Ałł (Szaflary beds, Łapszanka sec tion), col lected

from shales, has yielded a low-di ver sity dinoflagellate cyst as -
sem blage. It con sists of 22 spe cies of dinoflagellate cysts with
ranges within the Early Rupelian. Stratigraphically sig nif i cant
taxa in clude Wetzeliella symmetrica (Fig. 4A), W. articulata
(Fig. 4C) and W. gochti.

Sam ple 8Łm (Szaflary beds, Łapszanka sec tion) was col -
lected in the same ex po sure as Sam ple 8Ałł and con firms the ob -
tained re sults. Only four spe cies of dinoflagellate cysts were rec -
og nized in sam ple 8Łm, but two of them (Wetzeliella symmetrica
and W. articulata) range within the Early Rupelian (Fig. 3).

Fig. 2. Lithostratigraphic log of the Podhale Ba sin suc ces sion 
(Watycha, 1975; Głowacka, 2010, mod i fied) and the sam ple dis tri bu tion 

in the Łapszanka, Kacwinianka and Kacwiński Stream sec tions
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Sam ple 414a (lower Zakopane beds, Kacwinianka sec -
tion) is char ac ter ized by the co-oc cur rence of Cordo spha -
eridium inodes, Deflandrea phosporitica, Wetzeliella articulata
and W. gochti (Fig. 4D). The co ex is tence of these taxa has al -

lowed de fin ing the age of the lower Zakopane beds at the Early 
Rupelian (Fig. 3).

Three sam ples were col lected from sec tion 557 (lower
Zakopane beds, Kacwinianka sec tion), of which two were con -
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Achilleodinium sp.                +          

Achomoshaera sp. +                     +   +

Amphoroshaeidium sp.                          

Caligodinium amiculum +        +                +

Caligodinium sp.             +   +  +      +  

Caligodinium sp. B +                        +

Charlesdowniea sp. +                         

Chiropteridium ga lea          +       +         

Chiropteridium lobospinosum                 +    +     

Chiropteridium sp. +                +    +     
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Deflandrea phosporitica +   +  +   + +    + + +    + + +    
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Melitasphaeridium sp.                     +     
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Operculodinium centrocarpum                 +     +    

Operculodnium microtriainum                     +     

Operculodnium sp. +            +             

Polysphearidium sp.                +          
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Reticulatosphera actinocoronata +                         

Rhombodinium freienwaldense                +  +        
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Rhombodinium sp. B                +          

Spiniferites pseudofurcatus                +          
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Wetzeliella articulata +        +     +  +     +   + +
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Wetzeliella sp.          +      +     +     

Wetzeliella sp. A         +                 

Wetzeliella symmetrica +        +      +    +    + +  
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sid ered as stratigraphically sig nif i cant (557pod and 557nad).
The fol low ing dinoflagellate cysts were found in slide 557pod:
Deflandrea phosporitica, Hystrichokolpoma rigaudie, Rhombo -
dinium longimanum, R. sp. B of Gedl (Fig. 4B), Spiniferites
pseudofurcatus, Thalassiphora pelagica, Wetze liella articulata
and W. symmetrica. Their co-oc cur rence as signs this sam ple
to the Early Rupelian. Sam ple 557nad gives the same re sults
(Fig. 3).

Sam ple 701 (lower Chochołów beds, Łapszanka sec tion)
con tains the fol low ing stratigraphically sig nif i cant taxa: Deflan -
drea phosporitica (Fig. 4E), Reticulatosphera actinocoronata,
Thalassiphora pelagica (Fig. 4H), Wetzeliella articulata and W.
gochti. Their co-oc cur rence al lows in ter pret ing the age of the
lower Chochołów beds as the Early Rupelian (Fig. 3).

All sam ples yield ing dinoflagellate cysts con firm that the
Podhale Flysch was de pos ited dur ing the Paleogene. Fur ther -
more, sam ples 8Ałł, 8Łm, 414a, 557pod, 557nad and 701 have
al lowed to nar row the age of the Szaflary beds, Zakopane beds
and the lower Chochołów beds to the Early Rupelian, based on
Wetzeliella articulata (Powell, 1992; Köthe and Piesker, 2008).
Strangely enough, Gedl (2000) also iden ti fies this taxon, but
does not ap ply it in his biostratigraphic anal y sis. The rec og nized 
as sem blage of dinoflagellate cysts has aided in es ti mat ing the
sed i men ta tion rate for the Podhale Flysch (ex clud ing the up per
Chochołów beds) at 1.6 mm/year (Fig. 3). 

The ob tained re sults sig nif i cantly sup ple ment the bio -
stratigraphic re ports by Gedl (1998, 2000) with data on the
Zakopane and Chochołów beds from the Kacwinianka re gion,
and on the Szaflary beds from the Łapszanka sec tion. 

PALYNOLOGICAL INDICATORS 
OF SEDIMENTARY ENVIRONMENT

DINOFLAGELLATE ASSEMBLAGES

Dur ing the iden ti fi ca tion of dinoflagellate cysts, worth em -
pha siz ing is the vast ma jor ity of spe cies from dif fer ent en vi ron -
men tal groups as des ig nated by Gedl (2000): Wetzeliella,
Deflandrea-Caligodinium and Spiniferites (Fig. 4). These
groups are dis tin guished by the palaeoenvironmental pref er -
ences of par tic u lar spe cies.

The Wetzeliella group in the ana lysed ma te rial is rep re sented 
by the taxa of Wetzeliella and Rhombodinium, and rarely by
Dracodinium and Charlesdowniea. These gen era in di cate
mainly coastal and shal low-wa ter en vi ron ments char ac ter ized by 
re duced sa lin ity (Gedl, 2000). The sec ond group, Deflandrea -
-Caligodinium, which in cludes the spe cies of Deflandrea, Caligo -
dinium and Lejeunocysta, oc cu pies a sim i lar palaeo environ -
mental niche as the Wetzeliella group. Rep re sen ta tives of the
two groups are clas si fied as heterotrophic dinoflagellates us ing
or ganic in gre di ents, e.g. nu tri ents, or are pred a tors prey ing on
phytoplankton. A high abun dance of these taxa tes ti fies for a nu -
tri ent-rich en vi ron ment in ter preted as river mouths or upwelling
zones (Harland, 1988 in: Gedl, 2000). Spe cies of the Wetzeliella
and Deflandrea-Caligodinium groups have never been found in
deep-wa ter en vi ron ments (Gedl, 2000).

An other rel a tively fre quently ap pear ing group is the
Spiniferites group rep re sented by Spiniferites (mainly S.
ramosus; Fig. 4F) and Achomosphaera. This group does not
have any palaeoenvironmental pref er ences, al though it is re -
garded mainly as com pris ing neritic forms that in habit coastal
shelf ar eas, and its com mon ap pear ance in deep-sea suc ces -
sions is prob a bly as so ci ated with redeposition (Ed wards and
Andrle, 1992; Gedl, 2000).

A rel a tively large quan tity of forms from the three groups
does not clearly ex plain the con di tions of the Podhale Flysch
de po si tion, in which the dinoflagellate cysts have been found
(Pross and Brinkhuis, 2005). How ever, the pres ence of the
Wetzeliella and Deflandrea-Caligodinium groups in di cates their
or i gin in a coastal area near river mouths or in open-ma rine ar -
eas, which were rich in nu tri ents, e.g. upwelling zones. This
would con firm the ex ist ing con cepts rec og niz ing the Podhale
Ba sin suc ces sion as deep-ma rine sed i ments.

PALYNOFACIES ANALYSIS

Kacwinianka. The ana lysed sam ples in di cate dif fer ences
in the in di vid ual el e ments of the rec og nized palynofacies within
par tic u lar sec tions and be tween them (Fig. 5). Sam ples from
ex po sures along the Kacwinianka Stream are char ac ter ized by
an ev i dent dom i nance of phytoclasts (Fig. 6A–C). At the top of
the sec tion, a clear de cline in the di ver sity of palynological ma -
te rial is ob served. In the lower part of the sec tion oc cur such

Fig. 3. Strati graphic as sign ment of par tic u lar sam ples

Strati graphic range based on Gradstein et al. (2004)
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Fig. 4. Pho to graphs of spec i mens of se lected dinoflagellate cysts from the stud ied sam ples

A – Wetzeliella symmetrica Weiler (sam ple 8Ałł, Łapszanka sec tion), 1956; B – Rhombodinium sp. B of Gedl
(2000) (sam ple 557pod, Kacwinianka sec tion); C – W. articulata Eisenack, 1938 (sam ple 8Ałł, Łapszanka sec -
tion); D – W. gochti Costa and Downie, 1976 (sam ple 414 a, Kacwinianka sec tion); E – Deflandrea phosporitica
Eisenack, 1938 (sam ple 701, Łapszanka sec tion); F – Spiniferites ramosus Mantell, 1854 (sam ple 8Ałł,
Łapszanka sec tion); G – Tityrosphaeridium sp. (sam ple 414a, Kacwinianka sec tion); H – Thalassiphora pelagica 
Eisenack and Gocht, 1960 (sam ple 701, Łapszanka sec tion)



com po nents as black wood, brown wood, AOM, cu ti cle, sporo -
morphs, cor tex, dinoflagellate cysts, and resin. In turn, the up -
per part of the sec tion con tains only black wood, brown wood
and AOM. Char ac ter is tic for the mudstone sam ples (414b,
2Kcm, 557pod, 557nad, 415, 417, 416a and 6Kcm) is the grad -
ual up-sec tion in crease in black wood (from 45.3% in sam ple
414b to 79% in sam ple 6Kcm) with slight fluc tu a tions in sam -
ples 414a, 4Kcm, and 416b. It can also be no ticed that some of
the sam ples (5Kcp, 3Kcp, 557s and 1Kcp) de vi ate from the
trend of grad ual in crease of the pro por tion of black wood and
are char ac ter ized by an over whelm ing dom i nance of this com -
po nent (97.7, 97.7, 97 and 91.3%, re spec tively;  Fig. 5). Sam -
ples were col lected from dif fer ent rock types: sam ples 5Kcp,
3Kcp, 1Kcp from sand stones, and sam ple 557s from an ker ite.
Two sam ples can be clearly dis tin guished: 414a and 414b,

which show a much higher con tent of cu ti cle (10 and 18.3%, re -
spec tively; Fig. 5).

A grad ual in crease in black wood up wards in the Kacwi -
nianka sec tion may in di cate a rel a tive in crease of the dis tance
be tween the study area and the source zone. Black wood has
the high est me chan i cal re sis tance and its con sid er able pro por -
tion proves long-term trans port. Ac cord ing to Tyson (1984 fide
Tyson, 1993), a large per cent age of phytoclasts in sam ples
may be linked with the ac tiv ity of tur bid ity cur rents.

The higher con tent of cu ti cle in sam ples 414a and 414b in -
di cates a shorter dis tance from the land dur ing the de po si tion of
pri mary rocks (Rich, 1989 fide Tyson, 1993). This is due to the
or i gin of cu ti cle from leaves. Cu ti cle can not be cur rent-trans -
ported, be cause it is prone to me chan i cal deg ra da tion. Its pres -
ence proves also a rel a tively low-ve loc ity cur rent, which trans -
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Fig. 5. Graphs show ing the per cent age of palynofacies
 in the Kacwinianka, Łapszanka and Kacwiński Stream sec tions



ported the leaves, or a low en ergy en vi ron ment, in which the
rocks were formed (Dance, 1981 fide Tyson, 1993). Tyson
(2012) sug gested that the pres ence of cu ti cle may be re lated to
the de po si tion of the prox i mal parts of a sub ma rine fan. Only
two sam ples from the Kacwinianka sec tion can be as signed to
the plant tis sue palynofacies dis tin guished by Gedl (2000).
Other sam ples can be as signed to the black wood palynofacies
(Gedl, 2000).

The dom i nance of black wood in sand stone and an ker ite
shows a clear re la tion ship of or ganic mat ter to the type of li thol -
ogy and the rate of de po si tion. Reyre (1973 fide Tyson, 1993)
sug gested that the per cent age of phytoclasts can of ten be cor -
re lated with the con tent of coarse silt or sand.

Sand stone sam ples with a high per cent age of phytoclasts
(1Kcp, 3Kcp, 5Kcp) are char ac ter ized by a small amount of or -
ganic mat ter in the en tire slide (Fig. 6C). We as so ci ate the low
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Fig. 6. Palynofacies from se lected sam ples

A – or ganic ma te rial char ac ter ized by dom i nance of phytoclasts, 416b (Kacwinianka sec tion); B – palynological ma te rial char ac -
ter ized by dom i nance of phytoclasts, 414b (Kacwinianka sec tion); C – or ganic ma te rial char ac ter ized by a small amount of or -
ganic mat ter and ev i dent dom i nance of phytoclasts, 3Kcp (Kacwinanka sec tion); D – or ganic mat ter char ac ter ized by dom i nance
of AOM, 8Łm (Łapszanka sec tion); E – or ganic ma te rial with dom i nance of black wood, 701 (Łapszanka sec tion); F –
palynological ma te rial char ac ter ized by low di ver sity of com po nents, 605 (Kacwiński Stream sec tion)



con tent of or ganic mat ter with a fast de po si tion rate re sult ing
from sed i men ta tion due to the ac tiv ity of tur bid ity cur rents. How -
ever, sim i lar ob ser va tions have also been made in one sam ple
of mudstone (6Kcm). We as sume that, also in this case, the
small pro por tion of or ganic mat ter and the dom i nance of phyto -
clats is as so ci ated with re work ing and an or i gin re lated to tur -
bid ity cur rents.

Łapszanka. Sam ples from the Łapszanka sec tion are char -
ac ter ized by a greater di ver sity than those from the Kac -
winianka sec tion. All sam ples con tained dinoflagellate cysts
(0.3–1.0%) and sporomorphs (0.3–1.0%). These fea tures dis -
tin guish the Łapszanka sec tion from the other sec tions. Cu ti cle
was found in five sam ples (0.3–20%), while resin in three sam -
ples (0.3–0.7%). It is worth not ing that AOM clearly dom i nates
(67%) in sam ple 8Łm (Figs. 5 and 6D).

The con tent of black wood grad u ally in creases in mud stones
(8Ałł, 8Łm, 713, 706 and 701) from the Łapszanka sec tion (Fig.
6D, E). This may in di cate a rel a tive in crease of the dis tance be -
tween the study area and the source zone. In the Łapszanka
sec tion, the amount of black wood is lower than in the
Kacwinianka sec tion. This fact and the abun dance of cu ti cle in
al most all sam ples prove that the Łapszanka area was closer to
the source area in Rupelian times than the Kacwinianka area.

Sand stones from the Łapszanka Stream are char ac ter ized
by the dom i nance of black wood (7Łp – 73%). Note wor thy is the 
fact that black wood dom i nates (even up to 40.7%) in two sam -
ples (713 from Łapszanka and 2Kcm from Kacwinianka). Both
sam ples were taken from the lower Zakopane beds. It ap pears
that the ma te rial was trans ported over a shorter dis tance than
the ma te rial from the sam ples con tain ing much black wood.
More over, sam ple 713 con tains more cu ti cle than sam ple
2Kcm, which proves that the Łapszanka area was closer to the
source zone than the Kacwinianka area. 

Kacwiński Stream. Like the pre vi ously de scribed two sec -
tions, the Kacwiński Stream sec tion is also char ac ter ized by a
grad ual up-sec tion in crease in black wood (from 60.3 to 82%).
A lower di ver sity of the com po nents in the up per part of the sec -
tion than in the lower part can be ob served (8 com po nents in
sam ple 635 com pared with 3 com po nents in sam ples 605 and
616; Fig. 6F). These re sults con firm pre vi ous ob ser va tions and
in di cate a rel a tive in crease of dis tance to the source area dur -
ing the de po si tion of the Podhale Ba sin suc ces sion (Fig. 5).

REDEPOSITION AND MIXING

In view of the or i gin of the ana lysed rocks and the co-oc cur -
rence of two groups of dif fer ently pre served dinoflagellate
cysts, sam ples 8Łm (Łapszanka sec tion), 557pod (Kacwinia -
nka sec tion), 557s (Kacwinianka sec tion) and 557nad (Kac -
winianka sec tion) were ex am ined by flu o res cence mi cros copy
to de tect cyst re work ing (Barski et al., 2012). The anal y sis has
con firmed the pres ence of vari ably pre served as sem blages. 

Sam ples 557pod, 557s and 557nad were taken from the
same ex po sure. In di vid ual slides show a vari able num ber of
dinoflagellate cysts and dif fer ently pre served kerogen. Sam -
ples 557pod and 557nad are char ac ter ized by a good pres er va -
tion state of the cysts in con trast to sam ple 557s, where the
cysts are de stroyed and con tain py rite in clu sions (Fig. 7A–D).
Pres ence of py rite framboids is com mon place in the Menilite
Shales, be ing re lated to a sulphidic wa ter col umn (Wilkin et al.,
1997; Soták, 2010).

The first group of or ganic cysts (poorly pre served) is char -
ac ter ized by or ange (dark yel low) flu o res cence and con sists of
stratigraphically older spe cies and spe cies with long strati -

graphic ranges, e.g. Deflandrea phosporitica. Gedl (2000) dis -
tin guishes palynofacies with Deflandrea blooms (Fig. 7G, H).
Such high abun dance of Deflandrea is rather re lated to the
redeposition of this taxon, which may cause er ro ne ous en vi ron -
men tal in ter pre ta tions. The sec ond as sem blage (well-pre ser -
ved) con tains spe cies with bright yel low flu o res cence colours,
e.g. Rhombodinium. All three sam ples con tain Rhombodinium
spec i mens show ing var i ous pres er va tion states in the in di vid ual 
sam ples (Fig. 7A–D). How ever, ex am i na tion in UV light has
shown that each rep re sen ta tive of Rhombodinium shone with
bright flu o res cence, which proves that the spec i mens were not
re worked re peat edly and can be used for biostratigraphic in ter -
pre ta tions. Sam ple 577pod yielded rep re sen ta tives of
Deflandrea phosporitica in two states of pres er va tion (Fig.
7E–H). This proves ac tive redeposition dur ing sed i men ta tion of
the Podhale Flysch and in di cates that only spe cies with short
strati graphic ranges can be used for strati graphic anal y sis. Par -
tial re work ing of taxa may lead to er ro ne ous in ter pre ta tions of
the age and depositional en vi ron ment.

Sam ple 8Łm (Łapszanka sec tion) was se lected for fur ther
anal y sis in UV, be cause it has a high pro por tion of AOM among
the palynofacies com po nents. Anal y sis in trans mit ted and UV
light has re vealed vari able types of flu o res cence, which in di -
cates the pres ence of two, dif fer ently pre served AOM types
(Fig. 8). The first type of structureless ma te rial is char ac ter ized
by bright flu o res cence. This group of AOM is com posed of
planktic or gan isms. The sec ond group is dis tin guished by dark
colours in both trans mit ted and UV light, and its or i gin can not be 
de ter mined. The pres ence of two types of AOM may be as so ci -
ated with their dif fer ent re sis tance to de struc tion, re sult ing from
their me chan i cal or bi o log i cal de struc tion and ox i da tion. It is
also pos si ble that var i ous types of structureless ma te rial come
from dif fer ent rocks, or the AOM, char ac ter ized by dark colours, 
is re worked from pri mary rocks.

More over, note wor thy are also sam ples 416b (Kacwinianka
sec tion) and 701 (Łapszanka sec tion), which are char ac ter ized
by the mix ing of or ganic mat ter of dif fer ent states of pres er va -
tion. This is a fur ther proof of pos si ble redeposition dur ing the
for ma tion of the CCPB sed i ments. Both sam ples were taken
from the lower Chochołów beds. It seems that in creased
redeposition took place dur ing the formation of these strata.

LITHOFACIES

To ex tend en vi ron men tal in ter pre ta tion based on the
palynological in ves ti ga tions, the li thol ogy and sed i men tary stru -
c tures were char ac ter ized in de tail for each sec tion (Figs. 1C
and 9). They have al lowed dis tin guish ing 13 lithofacies, whose
de scrip tion and in ter pre ta tion are pre sented in Ta ble 2. The
lithofacies cod ing is based on Miall (2006). In ter pre ta tions of
par tic u lar lithofacies are con ducted ac cord ing to the fol low ing
re ports: Reineck and Singh (1973), Bridge (1978), Gradziński
et al. (1986), Miall (2000), and Nichols (2001).

The stud ied sec tions are dom i nated by fine-grained litho -
facies (fl) interbedded with sand lithofacies (Gng, Sng, Sm, Sr,
Srl, Srf, Sk, Sds, Sh and Shcs) char ac ter ized by vari able sed i -
men tary struc tures. Coarse-grained lithofacies (Gm) are sub or -
di nate (Fig. 9 and Ta ble 2). The pres ence of sed i men tary struc -
tures char ac ter is tic of the Bouma se quence (graded bed ding,
hor i zon tal lam i na tion, len tic u lar bed ding, flaser bed ding, con vo -
lute bed ding, and hemipelagic sed i ments) has been ob served
in the sec tions (Fig. 10). This in di cates de po si tion from the wa -
ter col umn dur ing calm pe ri ods, as well as sed i men ta tion dur ing 
turbidite ac tiv ity and a small con tri bu tion of other mass move -
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Fig. 7. Spec i mens of se lected dinoflagellate cysts from the stud ied sam ples in trans mit ted
(A, C, E, G) and UV light (B, D, F, H); A, B, C, D – Rhombodinium sp.;

E, F, G, H – Deflandrea phosporitica Eisenack, 1938

A, B – 557s (Kacwinianka sec tion); B, C – 557nad (Kacwinianka sec tion);
 E, F, G, H – 557pod (Kacwinianka sec tion)



ments, such as de bris flows. The pre dom i nance of fine litho -
facies in di cates ei ther de po si tion of the CCPB sed i ments in the
dis tal part of the ba sin or a small pro por tion of the coarse frac -
tion in the source ma te rial. 

In the past, there was a strong con vic tion that de pos its of
tur bid ity cur rents can form only in deep-ma rine set tings. At
pres ent, there are nu mer ous re ports on an cient flysch de pos its
both from deep and shal low set tings (Contero et al., 2012).
There fore, of large sig nif i cance is the oc cur rence of the Shcs
lithofacies in the stud ied sec tions. The pres ence of hummocky
cross strat i fi ca tion in di cates that the de scribed rocks of the
CCPB were formed above the storm wave base. Like wise, the
pres ence of sym met ric rip ples, in ter preted as wave rip ples,
points to de po si tion in a shal low set ting, in which wave ac tion
reached the sea bot tom. The sed i ment de pos ited by tur bid ity
cur rents must have been sub ject to wave ac tion from the nor -
mal and storm wave base (Lamb et al., 2008).

The de scribed lithofacies in di cate the for ma tion of the
CCPB suc ces sion from the Pol ish Spisz ei ther in a shal low set -
ting in the dis tal part of the ba sin, or at a low sup ply of coarse
ma te rial. An im por tant fea ture of the Oligocene ba sin was its in -
clined bot tom, which al lowed trig ger ing of tur bid ity cur rents.
Stevenson et al. (2015) con sid ered that bot tom in cli na tion is in -
dis pens able for turbidite for ma tion. The cur rents could be
formed due to nu mer ous trig ger ing phe nom ena, such as ex -
ceed ing the nat u ral an gle of re pose of the sed i ment, earth -
quakes, or the pres ence of storms. 

DEPOSITIONAL ENVIRONMENTS – DISCUSSION

So far, there are no re ports in di cat ing the spe cific depth of
the Podhale Ba sin. Pre vail ing views re fer to the deep-ma rine
or i gin of the Podhale Ba sin and other bas ins of the CCPB
(Cieszkowski et al., 2009). Only Watycha (1959) pointed out
that the flysch could be orig i nated in a shal low set ting. How -
ever, he did not pro vide con clu sive ev i dence to sup port this. Ac -
cord ing to Gedl (2000), the sea was the shal low est dur ing the
sed i men ta tion of the Szaflary beds, deep ened dur ing the sed i -
men ta tion of the Zakopane beds, and reached the max i mum
depth dur ing the sed i men ta tion of the Chochołów beds, af ter
which the sea level dropped. Soták et al. (2001) in di cated that
the high est sea level oc curred at 32 Ma. 

Fur ther more, many dif fer ent mod els of de po si tion in the
Podhale Ba sin were cre ated in the past. Westwalewicz -
-Mogilska (1986) pre sented mod els of sub ma rine fans that
formed in the Orava-Podhale Ba sin in dif fer ent times. How ever, 

dis tri bu tion of fa cies, lo ca tion of chan nels, and un con firmed
trans port of sed i ments from the south ruled out this prop o si tion.
Wieczorek (1989) par tially agreed with Westwalewicz-Mogilska
(1986) and pro posed a model of a ramp, which was sup plied by
ma te rial from many sources dur ing de po si tion of the Szaflary
beds. Jankowski (2015) sug gested that the Zakopane beds
were the equiv a lent of the Menilite beds, de pos ited in the same
jointed depositional sys tem, which was var ied in space and be -
tween depositional zones. More over, Jankowski et al. (2015)
and Jankowski (2015) in ter preted that shal low ma rine sed i men -
ta tion pre dom i nated in Early Rupelian time in the area oc cu pied 
by the pres ent-day Carpathians. Soták (1998b, 2010) re ferred
the de po si tion in the Podhale Ba sin with menilite fa cies, but he
sug gested that the de po si tion was re lated to a deep-wa ter tur -
bid ity sys tem.

Re sults of the palynofacies anal y sis have al lowed de ter min -
ing that the dis tance be tween the de po si tion area and the
source area be came rel a tively larger dur ing de po si tion of the
CCPB sed i ments in the Pol ish Spisz area. This is in di cated by
the in crease of the per cent age of black wood, which also
proves that these de pos its were de pos ited by tur bid ity cur rents.
More over, the pres ence of cu ti cle in some slides points to short
dis tance from the source area. Ad di tional in ves ti ga tions con -
ducted on sam ples from the Łapszanka and Kacwiński Stream
sec tions have con firmed that the west ern part of the pres -
ent-day Pol ish Spisz was rel a tively close to the source area in
the Oligocene. Based on the biostratigraphic anal y sis us ing
dinoflagellate cysts, the age of the de pos its (Szaflary beds,
Zakopane beds, lower Chochołów beds) from the Kacwinianka, 
Łapszanka and Kacwiński Stream ex po sures can be de ter -
mined at the Early Rupelian. The pre sented re sults are com -
pletely dif fer ent from the pre vi ous biostratigraphic de ter mi na -
tions. Based on these re sults, the de po si tion rate could be de -
ter mined at 1600 m/My dur ing the for ma tion of the turbiditic de -
pos its. The pres ence of some taxa (e.g., Nannocertopsis sp.)
in di cates that the ma te rial was re worked from older rocks. This
con clu sion was con firmed by in ves ti ga tions in UV light, which
showed the pres ence of two cyst as sem blages char ac ter ized
by dif fer ent flu o res cence colours. Light col oured (yel low) dino -
flagellate cysts are con sid ered in situ com po nents, e.g.
Rhombo dinium sp. In turn, dark col oured (or ange) dino fla -
gellate cysts are thought to be re de pos ited spec i mens. In di vid -
u als with dif fer ent flu o res cence colours have also been found
among the rep re sen ta tives of Deflandrea phosporitica, which
in di cates that some of them have been sub ject to re work ing,
ow ing to the long strati graphic range of this taxon. Par tial
redeposition of a taxon may lead to er ro ne ous strati graphic and
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Fig. 8. Amor phous or ganic mat ter (AOM) from sam ple 8Ałł (Łapszanka sec tion) 
in trans mit ted (A) and UV light (B)
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en vi ron men tal in ter pre ta tions. Dur ing the iden ti fi ca tion of dino -
flagellate cysts, at ten tion was drawn on the sig nif i cant prev a -
lence of spe cies from the Wetzeliella, Deflandrea-Caligodinium
and Spiniferites groups in re la tion to other groups of dino -
flagellate cysts. Based on the char ac ter is tic fea tures of these
groups, it has been as sumed that the large num ber of in di vid u -
als of these groups in re la tion to rep re sen ta tives of other taxa

does not ex plic itly ex plain the depositional con di tions of the
sed i ments with the dinoflagellate cysts. How ever, the pres ence
of the Wetzeliella group may in di cate their for ma tion ei ther in
the coastal zone at a small dis tance from river mouths or in
open-ma rine zones rich in nu tri ents, e.g. upwelling zones,
which would con firm the ex ist ing con cepts of the CCPB for ma -
tion as deep-ma rine rocks. Fol low ing the re sults of UV in ves ti -

T a  b l e  2

Lithofacies in the Podhale Ba sin suc ces sion, in clud ing their key fea tures and in ter pre ta tion

LITHOFACIES DESCRIPTION INTERPRETATION

Coarse-
grained

Mas sive 
con glom er ates
(Gm) (Fig. 10A)

Bed thick ness up to 35 cm; grain- to ma trix 
sup ported; me dium-grained con glom er ates;

dense/cha otic clast pack ing 

Sed i ment-grav ity flow de pos its: high-den sity grav ity
flows (de bris-flow type) 

d
e

ni
ar

g y
d

n
a

s 
d

n
a 

d
e

xi
M

Nor mally
graded 

sand stones and 
con glom er ates

(Gng, Sng) 
(Fig. 10B)

Bed thick ness up to 40 cm; usu ally be gin ning with
me dium- or fine-grained con glom er ates; vari able
clast round ing; usu ally cha otic clast dis tri bu tion;

pres ence of few clay clasts; be gins 
with ero sional bound ary

Sed i ment-grav ity flow de pos its: high-den sity grav ity
flows (de bris-flow type) or Ta di vi sion 

of the Bouma se quence

Mas sive sand -
stones (Sm)

Bed thick ness up to 1 m; pres ence of beds char ac -
ter ized by vari able thick ness; very fine-grained,

fine-grained and coarse-grained sand stones; pres -
ence of me chanic hieroglyphs on bed soles; pres -

ence of sand stone lithoclasts

Sed i ment-grav ity flow de pos its: de po si tion caused
by wan ing of a high-den sity cur rent (Lowe, 1982)

Rip ple
cross-lam i nated 
sand stones (Sr) 

(Fig. 10C)

Bed thick ness up to 30 cm; fine-grained sand stones; 
pres ence of wave and cur rent rip ples

Cur rent rip ples: bot tom forms that orig i nated due to
trac tion trans port; by low to me dium-con cen tra tion
tur bid ity cur rents (sensu Lowe, 1982) or Tc di vi sion

of the Bouma se quence,

Wave rip ples: bot tom forms that orig i nated due to
trac tion trans port above the nor mal wave base

Sand stones
with len tic u lar
bed ding (Srl)

Bed thick ness up to 30 cm; pres ence of pack ets with 
mud dis tinctly pre vail ing above sand, which re sults 

in the pres ence of cross-lam i nated sets 
in the form of lenses, of ten iso lated

Dom i na tion of de po si tion of fine-grained ma te rial
from sus pen sion dur ing calm pe ri ods with pe ri od i cal
sed i men ta tion of coarse ma te rial due to the ac tiv ity
of cur rents or Tc di vi sion of the Bouma se quence

Sand stones
with flaser bed -

ding (Srf)

Bed thick ness up to 75 cm; pack ets com posed of
sand grains with low mud ad mix ture, which sep a -
rates par tic u lar sets of cross-lam i nated sed i ment 

Sed i men ta tion of coarser terrigenous ma te rial dur ing 
cur rent ac tiv ity and de po si tion of fine-grained 
ma te rial from sus pen sion dur ing calm pe ri ods 

or Tc di vi sion of the Bouma se quence

Sand stones
with cross bed -

ding (Sc) 
(Fig. 10D)

Bed thick ness up to 5 cm; fine-grained sand stones;
pres ence of multi-di rec tional cross-lam i na tion

In di vid u ally, the lithofacies is not di ag nos tic; 
trans port of sand ma te rial above the bot tom

 in the up per range of lower flow re gime

Sand stones
with load struc -

tures (Sk) 
(Fig. 10E)

Bed thick ness up to 8 cm; fine-grained sand stones;
load struc tures vis i ble in the lower parts of the sand -

stone beds; sandy frag ments are ‘drowned’ in the
mud be low; con vo lute bed ding

Un sta ble den sity bed ding or Tc di vi sion 
of the Bouma se quence 

Sand stones
with de for ma -
tion struc tures

(Sds)

Bed thick ness up to 65 cm; fine-grained sand stones, 
oc ca sion ally with ad mix ture of me dium-sand stone

size grains; pres ence of synsedimentary de for ma tion 
folds, flow struc tures, load casts, wa ter es cape struc -

tures, bur ied rip ples 

Am big u ous; trans port of unlithified sed i ment above
 a gently in clined bot tom; may be formed due to
grain-flow type de po si tion, sed i ment liq ue fac tion,

rapid de po si tion

Lam i nated
sand stones

(Sh) (Fig. 10F)

Bed thick ness up to 40 cm; very fine-grained and
fine-grained sand stones; oc ca sion ally be gin ning with 

an ero sional bound ary 

Formed in the first plane-bed trans port by trac tion
cur rents in the lower flow re gime or due to de po si tion 

from sus pen sion or Tb or Td di vi sion 
of the Bouma se quence

Sand stones
with hummocky
cross strat i fi ca -

tion (Shcs) 
(Fig. 10G, H)

Thick ness up to 45 cm; very fine-grained or
fine-grained sand stones; at tain ing the form of cir cu -
lar sandy hum mocks up to sev eral centi metres high;
pres ence of low ered and el e vated frag ments in ev ery 

di rec tion; pres ence of low-an gle bed ding (val ues
lower than the nat u ral an gle of re pose); oc ca sion ally

large-scale rip ples cov ered by a set of low-an gle
multi-di rec tional hummocky cross-strat i fi ca tion or

con vo lute bed ding formed due to the suck ing force
of the flow ing cur rent was cov ered by HCS

Formed due to trac tion trans port on the bot tom
in an aque ous set ting dur ing the storm, 

be low the nor mal wave base 

Fine-
grained

Lam i nated
siltstones and
mudstones (Fl)

Thick ness up to 175 cm; 
sin gle pres ence of coaly shales

Formed in the first plane-bed trans port by trac tion
cur rents in the lower flow re gime or due to de po si tion 

from sus pen sion or Te di vi sion 
of the Bouma se quence

An ker ite (A) Thick ness up to 58 cm; usu ally as sin gle lenses, 
rarely ho ri zons Formed due to diagenetic pro cesses 



ga tions, con clu sions drawn from the pres ence of the Deflan -
drea -Caligodinium group have been omit ted from the en vi ron -
men tal dis cus sions. 

Lithological logs of the ex po sures lo cated along the es -
carp ments of all three streams are dom i nated by fine-grained
sed i ments interbedded with de pos its of sub ma rine grav i ta -
tional flows, mainly tur bid ity cur rents, and sub or di nate
high-den sity flows such as de bris flows (Ta ble 2, Figs. 9 and

10). This is con firmed by the pres ence of sed i men tary struc -
tures, such as par tic u lar di vi sions of the Bouma se quence,
typ i cal of such set tings in the study area. More over,
hummocky cross-strat i fi ca tion (HCS) was also ob served; this
struc ture, typ i cal of storm pro cesses, in di cates de po si tion in a
rel a tively shal low set ting (at depths os cil lat ing near the storm
wave base; Fig. 10G, H). The co-oc cur rence of grav i ta tional
flows, mainly tur bid ity cur rents, com monly as so ci ated with a
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Fig. 9. Se lected logs of the Kacwinianka, Kacwiñski and £apszanka sec tions
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Fig. 10. Se lected sed i men tary struc tures typ i cal for the clastic suc ces sion of the Podhale Ba sin

A – mas sive con glom er ates, grain- to ma trix-sup ported; dense/cha otic clast pack ing, be gin ning with an ero -
sional sur face (594, Kacwinianka sec tion); B – nor mally graded sand stones and con glom er ates (579,
Kacwinianka sec tion); C – rip ple cross-lam i nated sand stones char ac ter ized by wave rip ples (588, Kacwinianka
sec tion); D – rip ple cross-lam i nated sand stones char ac ter ized by climb ing rip ples (537, Kacwinianka sec tion);
E – sand stones with con vo lute bed ding (516, Kacwinianka sec tion); F – lam i nated sand stone (525,
Kacwinianka sec tion); G, H – sand stones with hummocky cross-strat i fi ca tion, low ered and el e vated frag ments
in ev ery di rec tion, and low-an gle bed ding (525, 579, Kacwinianka sec tion)
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deep-ma rine set ting, and HCS as well as wave rip ples seem to 
ex clude un equiv o cal in ter pre ta tion of the sed i men tary set ting.
How ever, tur bid ity cur rents can also form in a rel a tively shal -
low en vi ron ment, as sum ing an in clined sea bot tom and the ex -
is tence of trig ger ing mech a nisms, such as storms or earth -
quakes (Lamb et al., 2008; Stevenson et al., 2015). 

Gen era of dinoflagellate cysts iden ti fied in the palynological
slides, el e ments of palynofacies anal y sis (cu ti cle), and sed i -
men tary struc tures (HCS) in di cate a rel a tively shal low-ma rine
set ting in the study area dur ing the Early Rupelian, at a sub se -
quent ac tiv ity of grav i ta tional flows dur ing de po si tion from
turbidity currents. 

CONCLUSIONS

Biostratigraphic anal y sis of dinoflagellate cysts from the
Podhale Ba sin (Szaflary, Zakopane and lower Chochołów
beds) in the study area in di cates an Early Rupelian age. These
re sults have al lowed es ti mat ing the sed i men ta tion rate of the
rocks at 1.6 mm per year.

Re sults of palynofacies anal y sis in di cate a grad ual in crease 
of black wood pro por tion in the Kacwinianka, Łapszanka and
Kacwiński Stream sec tions. The up per parts of the sec tions
show lower di ver sity of the com po nents than their lower parts.
These ob ser va tions prove that, the study area was rel a tively far
away from the source area dur ing the de po si tion of the Podhale
Ba sin clastic suc ces sion. A high pro por tion of black wood
points to an or i gin re lated to tur bid ity cur rents.

The pres ence of cu ti cle con firms a short dis tance from the
source area. 

Dif fer ences be tween the Kacwinianka and Łapszanka sec -
tions sug gest that, in the Early Rupelian, the Łapszanka area
was closer to the source area than the Kacwinianka area.

The as sem blage of dinoflagellate cysts pro vides ev i dence
for re work ing of or ganic ma te rial from older rocks. This is con -
firmed by in ves ti ga tions in UV light, which in di cated the co-oc -
cur rence of two dif fer ently pre served groups of dinoflagellate
cysts, char ac ter ized by dif fer ent flu o res cence colours. Re work -
ing may cause er ro ne ous biostratigraphic in ter pre ta tions; ac -
cord ingly, the samples were controlled in UV light.

Three groups of cysts dom i nated within the dinoflagellate
cyst as sem blages: Wetzelliela, Deflandrea-Caligodinium and
Spiniferites. The large num ber of in di vid u als within these
groups points to de po si tion in the coastal part of the res er voir,
near a river mouth or in an upwelling zone.

The de scribed sec tions are dom i nated by fine-grained de -
pos its that rep re sent ei ther the ter mi nal di vi sion of the Bouma
se quence (Te) or pe lagic sed i men ta tion.

Struc tures typ i cal for tur bid ity cur rents and those typ i cal for
rel a tively shal low-ma rine de po si tion (HCS, wave rip ples) co ex -
ist in the stud ied sections.

Sand stone event beds from the shale-dom i nated sec tions
were de pos ited from tur bid ity cur rents in flu enced by storm
waves.

The as sem blages of dinoflagellate cysts, el e ments of palyno -
facies anal y sis, and sed i men tary struc tures (wave rip ples and
HCS) in di cate de po si tion in a rel a tively shal low-ma rine set ting. 
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