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We would like to thank Przemys³aw Gedl for his at ten tion in
read ing our work and for the dis cus sion he ini ti ated (Gedl,
2018). First of all, we would like to note that our re ply will con -
cen trate on sub stan tial com ments on the pre sented re sults
or/and ques tion able in ter pre ta tions. 

GEOLOGICAL SETTING

The au thors ad mit that the use of the term “ba sin” in a
lithostratigraphic con text was awk ward. The mis take was due to 
the unobvious geo log i cal struc ture of the Podhale re gion.
Mastella (1975) sug gested that the Podhale flysch-like de pos its 
at pres ent form the Podhale Synclinorium, but nu mer ous
drillings show that the bed rock oc curs at dif fer ent depths, which
in di cates the pres ence of many faults and in ter nal shears
(Janoèko and Jacko, 1998; Soták and Janoèko, 2001; Ma³ecka
and Nowicki, 2002; Chowaniec, 2003, 2009). There fore, the ap -
pli ca tion of the term “Podhale Synclinorium” is con tro ver sial.
That is why we have de cided to re place it with the term “ba sin”.
Cur rently, in the geo log i cal lit er a ture, there is a prob lem with the 
cor rect ap pli ca tion of this term in geo log i cal, geo graph ical and
litostratigraphic con texts. Es pe cially that the Oligocene sed i -
ments, which are pres ent in the Cen tral Carpathian area, are
also de scribed as  the Cen tral Carpathian Paleogene Ba sin in -
clud ing the Podhale and Liptov bas ins. A mis un der stand ing of
the ba sin/synclinorium is sue oc curs in a num ber of pre vi ous pa -
pers (e.g., Soták et al., 2001; Alexandrowicz and Rudzka, 2006; 
Day-Stirrat et al., 2008; Oszczypko et al., 2008; Ludwiniak,
2010; Starek et al., 2012; Alexandrowicz, 2013). 

De tailed sedimentological stud ies (based on par tic u lar li thol -
ogy and char ac ter is tic sed i men tary struc tures) have not been
car ried out in the Kacwin area prior to the pa per by Filipek et al.
(2017). Al though there are pa pers de voted to sedimento logical

is sues, they were fo cused mainly ei ther on palaeo transport di -
rec tions (e.g., Marschalko and Radomski, 1960; Westwalewicz -
-Mogilska, 1986; Soták et al., 2001) or on gen eral geo log i cal top -
ics for the en tire Podhale re gion with only a small amount of data
com ing from the Pol ish Spiš re gion (Radomski, 1958).

BIOSTRATIGRAPHY

The strati graphic as sign ments of the sam ples are usu ally
in di vid ual in ter pre ta tions de pend ing on widely ac cepted strati -
graphic ranges of in dex spe cies. Un til a microfossils group is
not well tied to a biostratigraphy based on orthostratigraphic
fos sil groups within cal i brated out crop sec tions, the ranges fluc -
tu ate through geo log i cal time (e.g., Köthe and Piesker, 2008).
There fore, the dis cus sion about the age of de pos its in ques tion
is still open in our opin ion. Ac cord ingly, the opin ion that “the pre -
sented re sults are com pletely dif fer ent from the pre vi ous bio -
stratigraphic de ter mi na tions” is a slight ex ag ger a tion.

How ever, we dis agree that our age as sign ment is based
only on “the co-oc cur rence of sev eral spe cies, al though most of
them have ranges far be yond the Oligocene (Wil liams and
Bujak, 1985; Stover et al., 1996; Wil liams et al., 2004): Caligo -
dinium amiculum (Paleocene–Early Mio cene), Spiniferites ra -
mo sus (ear li est Cre ta ceous–re cent), Deflandrea phosphoritica
(ear li est Eocene–Early Mio cene), Hystrichokolpoma rigaudiae
(ear li est Eocene–Pleis to cene), Spiniferites pseudofurcatus
(Late Paleocene–Late Mio cene), Thalassiphora pelagica
(Maastri chtian–Chattian), Reticulatosphaera actinocoronata
(mid Priabonian–Pleis to cene)”, as sug gested by Gedl (2018).
In the chap ter “Age de ter mi na tion” of our pa per, we clearly con -
sider the taxa with short ranges for the age jus ti fi ca tions. In
some cases, we also men tion other taxa that are nu mer i cally
sig nif i cant in the sam ples; how ever, we do not use them for
strati graphic de ter mi na tions.  

The main con tro versy widely dis cussed by Gedl (2018)
about the age de ter mi na tion is the strati graphic range of
Wetzeliella articulata, which lim its the strati graphic po si tion of
the suc ces sion in ques tion to the Lower Rupelian. We ac tu ally
ad mit that suit able dis cus sion would have been pro vided if
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strati graphic is sues were the main aim of the con tri bu tion. Fi -
nally, we have ac cepted the strati graphic range of this spe cies
pre sented in the com pre hen sive con tri bu tions by Powel (1992)
and Costa and Downie (1976) based on out crop sam ples from
Eng land, ne glect ing a few re ports con cern ing mainly bore hole
ma te rial.  

The rea son for omit ting Chiropteridium lobospinosum oc cur -
ring in the Lower Zakopane Beds (sam ples 648 and 414a) in the
strati graphic anal y sis was due to the poor pres er va tion and low
abun dance of the re cov ered spec i mens. We agree that its po si -
tion in the range chart should be marked by a ques tion mark.
How ever, the strati graphic po si tion of this spe cies is not clear.
Powel (1992) shows its first ap pear ance within the up per part of
the Rupelian, which ev i dently ex cludes its co-oc cur rence with
Wetzeliella articulata (e.g., sam ple 414a). The co-oc cur rence of
both spe cies was al ready ob served by Gedl (2000). This co-oc -
cur rence would prob a bly be ex plained now a days by Wil liams et
al. (2004), who pos tu late the FAD of the tax o nom i cally re lated
Chiropteridium ga lea slightly above the base of the Rupelian.

Sum ma riz ing the biostratigraphical part of the pa per, we ap -
pre ci ate that, af ter more than a de cade and by study ing a dif fer -
ent set of sam ples, we have re cov ered as sem blages re sem -
bling those dis tin guished by Gedl (2000). The fi nal age in ter pre -
ta tion will be pos si ble af ter more in tense fu ture stud ies of the re -
gional strati graphic dis tri bu tion of in dex dinoflagellate cyst taxa
in the area. How ever, we are afraid that the om ni pres ence of
flysch-type de pos its will not sup port this chal lenge. 

REDEPOSITION

In deed, in our pa per we use the terms “redeposition” and
“re cy cling” as syn onyms. There are two rea sons for this: firstly,
the pa per deals mainly with flysch-type sed i men tary pro cesses, 
and sec ondly, we use the term “redeposition” in a wider sense.
In our opin ion, redeposition pro cesses, by si mul ta neous acts of
ero sion, in clude ei ther re cy cling or re work ing. In palaeonto -
logical lit er a ture, re cy cling is more oftenas the pres ence of older 
fos sils in youn ger strata with ev i dently dis cor dant strati graphic
ranges in com par i son to the bulk strati graphic re cord. How ever, 
as is the case with microfossils, the spec i mens are rather re lo -
cated from older strata by resedimentation (redeposition) of
small rock par ti cles. 

Gedl (2018) sug gested that Filipek et al. (2017) in cor rectly
used the Deflandrea group to in ter pret the palaeoenvironment
due to the pres ence of rep re sen ta tives of the same spe cies
(Deflandrea phosporitica) with a dif fer ent state of pres er va tion
in one sam ple, which is re lated to the redeposition/re cy cling of
spec i mens of this taxon: “…they re con struct sed i men tary set -
ting of these de pos its (Filipek et al., 2017: p. 864) with out not ing 
that a few pages away they treat them as re cy cled, and an -
nounce their omit ting from fur ther in ter pre ta tion”. In fact, fol low -
ing Gedl (2000: p. 78, 151), we use group com pris ing
Deflandrea and Caligodinium to sup port the re con struc tion of
the sed i men tary set ting. We have de lib er ately ig nored the
quan ti ta tive ra tios be tween these taxa within the group due to
redeposition/re cy cling, only high light ing this prob lem for fur ther
stud ies. Nu mer ous spec i mens of Caligodinium amiculum,
Caligodium sp. B and Caligodinium sp. have been found in the
ana lysed sam ples, es pe cially in sam ple 8£m (Filipek et al.,
2017). Spec i mens of Caligodinium spp. show sim i lar pres er va -
tion states. Fur ther more, ex am i na tion in UV light in di cates that
each rep re sen ta tive of Caligodinium is char ac ter ized by bright
flu o res cence, which proves that the spec i mens were not re -
worked and can be used for palaeoenvironmental re con struc -

tions. Fi nally, we con clude that three groups of cysts
(Wetzelliela, Deflandrea-Caligodinium and Spiniferites) dom i -
nate within the dinoflagellate cyst as sem blages. 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 ba sin, near a river mouth or in an upwelling
zone. Ac cord ing to the en vi ron men tal model of Pross and
Brinkhuis (2005), most taxa de scribed in our study oc cur within
shelf ar eas, in clud ing high-pro duc tiv ity sea sur face zones. 

SEDIMENTATION RATE

In our work (Filipek et al., 2017) we have es ti mated the sed i -
men ta tion rate for the Podhale flysch-se quence (ex clud ing the
Up per Chocho³ów Beds) based on the geo log i cal time scale by
Vandenbergh et al. (2012), in which the du ra tion of the Rupelian
is 5.8 My. Fig ure 3 from Filipek et al. (2017) shows that the co-oc -
cur rence in ter val of Wetzeliella articulata and W. gochti lasted
~2 My (based on Powell, 1992). Fur ther more, Watycha (1976)
cal cu lated that the Podhale flysch-se quence (ex clud ing the Up -
per Chocho³ów Beds) reaches a thick ness of even 3000 m. 

This is why the ap prox i mate sed i men ta tion rate of the Cen -
tral Carpathian Paleogene se quence in the Kacwin area
reaches a min i mum of 1.6 mm/y (Filipek et al., 2017). In the
Szaflary and Zakopane beds, char ac ter ized by mud-rich ac cu -
mu la tion, the sed i men ta tion rate could be even higher if com -
pac tion is con sid ered. For ex am ple, Barski and Bojanowski
(2010) and Barski (2014) es ti mated ~60% com pac tion for the
Krosno shales that are pos si bly a lithological equiv a lent of the
up per part of the Podhale flysch-se quence. In con trast, in the
Lower Chocho³ów Beds, dom i nated by sand-rich de pos its,
com pac tion may be ne glected. We ad mit that the pa per by
Filipek et al. (2017) pro vides the min i mum value. 

PALAEOBATHYMETRY AND HUMMOCKY
CROSS-STRATIFICATION

Sedimentological de duc tion should be sup ported by geo -
log i cal facts such as sed i men tary struc tures com bined with
petrographic, geo chem i cal, palaeo eco logi cal, taphonomic, and
biostratigraphic data. In our pa per, we have based our con clu -
sions on in te grated palynofacies and sedimentological ev i -
dences. Be sides de tailed palynological stud ies, we have de -
scribed all sed i men tary struc tures ob served in the stud ied sec -
tions. Spe cial at ten tion was paid to struc tures in dic a tive of the
sed i men tary en vi ron ment, such as wave rip ples (Filipek et al.,
2017: fig. 10C), climb ing rip ples (Filipek et al., 2017: fig. 10D)
and hummocky cross-strat i fi ca tion (Filipek et al., 2017: fig. 10G, 
H). These struc tures are treated as typ i cal ev i dence of shal -
low-wa ter en vi ron ments and as in di ca tors of sed i men ta tion
linked with both the os cil la tion of the wave-base lo ca tion (e.g.,
Reineck and Singh, 1973; Nichols, 2001) and the phys i cal prop -
er ties of the flow (Tinterri, 2011). Such en vi ron men tal in ter pre -
ta tions are con trary to the com mon model of the palaeo -
bathymetry of the Carpathian bas ins (e.g., Ksi¹¿kiewicz, 1977;
Unrug, 1979; Gedl, 2000; Oszczypko et al., 2006; Cieszkowski
et al., 2009). Tra di tion ally, the Oligocene se quence of the
CCPB was in ter preted as de pos ited in a deep-ma rine turbidite
set ting (for ref er ences see Filipek et al., 2017). Hence, our in ter -
pre ta tion com bined with the tra di tional con cept was ob vi ously
con fus ing. There fore, we have de cided to pro pose a new in ter -
pre ta tion of the sed i men tary en vi ron ment dur ing de po si tion in
the CCPB.
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It is not clear for us why our in ter pre ta tion of the hummocky
cross-strat i fi ca tion is con tro ver sial for our ad ver sary. Hummo -
cky cross-strat i fi ca tion or hummocky-type struc tures can be
found in a wide va ri ety of de pos its typ i cal of dif fer ent en vi ron -
ments such as flu vial (e.g., Browne and Plint, 1994), river-delta
(e.g., Plint and Norris, 1991), fan-delta (e.g., DeCelles and
Cavazza, 1992), shoreface-off shore (e.g., Walker et al., 1983;
Aigner, 1985), turbidite (e.g., Mulder et al., 2009; Tinterri and
Muzzi Magalhaes, 2011) and even pyroclastic de pos its
(Branney and Kokelaar, 2002). More over, a va ri ety of flow
mech a nisms caused by os cil la tory, uni di rec tional or com bined
flows are re lated to the os cil la tion of the wave-base lo ca tion of
the sur face or even in ter nal waves (e.g., Myrow et al., 2002;
Dumas and Ar nott, 2006; Pomar et al., 2012). There fore, in
each geo log i cal sit u a tion, the in ter pre ta tion of the HCS should
be per formed care fully and com bined with other sedimento -
logical, palaeo eco logi cal and/or taphonomic re cords.

We would like to draw at ten tion to our state ments that
“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 pos its (HCS, wave rip ples) co ex ist in
the stud ied sec tion”, “the abun dant cu ti cle con firms a short dis -

tance from the source area”, and, more over, the dinoflagellate
cyst as sem blages of Wetzelliela and Deflandrea-Caligodinium
point to de po si tion in the coastal en vi ron ment (Filipek et al.,
2017). There fore, based on all these re cords, we have pro -
posed a new in ter pre ta tion of the depth of the sed i men tary en vi -
ron ment of the stud ied clastic se quence that filled the CCPB
dur ing the Oligocene. The quiet, low-en ergy, rel a tively shal -
low-wa ter (be low the wave base of av er age storms) sed i men ta -
tion, in which the clayey back ground de po si tion took place, was
in ter rupted by high-en ergy storm events that caused wave -
-mod i fied turbidites. This in ter pre ta tion seems to be more likely. 
How ever, such state ment needs fur ther in tense sedimento -
logical in ves ti ga tions. 

We would like to thank Przemys³aw Gedl for his valu able
com ments. Fur ther stud ies in the dis cussed area are re quired
to sup ple ment the ex ist ing re sults and to ver ify them. This is
par tic u larly im por tant in es tab lish ing re la tion ships be tween the
Cen tral Carpathian Paleogene Ba sin and the Outer Carpa -
thians, and in re con struct ing the ba sin/bas ins ar chi tec ture of
the Carpathian re gion in the Oligocene.

REFERENCES

Aigner, T., 1985. Storm depositional sys tems, dy namic stra tig ra phy
in mod ern and an cient shal low-ma rine se quences. Lec ture
Notes in Earth Sci ences, 3. 

Alexandrowicz, W.P., 2013. Malacological se quence from pro file of 
cal car e ous tufa in Groñ (Podhale Ba sin, south ern Po land) as an
in di ca tor of the Late Gla cial/Ho lo cene bound ary. Qua ter nary In -
ter na tional, 293: 196–206.

Alexandrowicz, W.P., Rudzka, D., 2006. Mol lus can com mu ni ties
from cave and slope de pos its of the lime stone rocky hills in the
east ern part of Podhale ba sin (south ern Po land). Folia Malaco -
logica, 14: 191–201.

Barski, M., 2014. Shapes of or ganic walled dinoflagellate cysts in
early diagenetic con cre tions – mark ers for me chan i cal com pac -
tion. Re view of Palaeobotany and Palynology, 208: 50–54.

Barski, M., Bojanowski, M., 2010. Or ganic-walled dinoflagellate
cysts as a tool to rec og nize car bon ate con cre tions: an ex am ple
from Oligocene flysch de pos its of the West ern Carpathians.
Geologica Carpathica, 61: 121–128.

Branney, M.J., Kokelaar, P., 2002. Pyroclastic den sity cur rents and 
the sed i men ta tion of ig nim brites. Geo log i cal So ci ety Mem oir,
27.

Browne, G.H., Plint, A.G., 1994. Al ter nat ing braidplain and lac us -
trine de po si tion in a strike-slip set ting: the Penn syl va nian Boss
Point For ma tion of the Cum ber land Ba sin, Mar i time Can ada.
Jour nal of Sed i men tary Pe trol ogy, 64: 40–59.

Chowaniec, J., 2003. Wody podziemne niecki podhalañskiej (in
Pol ish). In: Wspó³czesne problemy hydrogeologii, 11: 45–53.
Uniwersytet Gdañski, Gdañsk.

Chowaniec, J., 2009. Hydrogeology study of the west ern part of the 
Pol ish Carpathians (in Pol ish with Eng lish sum mary). Biuletyn
Pañstwowego Instytutu Geologicznego, 434.

Cieszkowski, M., Uchman, A., Chowaniec, J., 2009. Litostraty -
grafia sukcesji osadowej niecki podhalañskiej niec (in Pol ish).
In: LXXIX Zjazd Polskiego Towarzystwa Geologicznego, Budo -
wa geologiczna Tatr i Podhala ze szczególnym uwzglêdnieniem
zjawisk geotermalnych na Podhalu, Bukowina Tatrzañska,
26–29.09.2009 r. Materia³y konferencyjne (eds. A. Uchman and
J. Chowaniec): 29–40. Pañstwowy Instytut Geologiczny –
Pañstwowy Instytut Badawczy, Warszawa.

Costa, L.I., Downie, C., 1976. The dis tri bu tion of the dinoflagellate
Wetzeliella in the Palaeogene of north-west ern Eu rope. Palae -
on tol ogy, 19: 591–614.

Day-Stirrat, R.J., Aplin, A.C., Œrodoñ, J., van der Pluijm, B.A.,
2008. Diagenetic re ori en ta tion of phyllosilicate min er als in
Paleogene mudstones of the Podhale Ba sin, South ern Po land.
Clays and Clay Min er als, 56: 100–111.

DeCelles, P.G., Cavazza, W., 1992. Con straints on the for ma tion of
Plio cene hummocky cross-strat i fi ca tion in Calabria (south ern It -
aly) from con sid er ation of hy drau lic and dispersive equiv a lence,
grain flow the ory, and sus pended-load fall out rate. Jour nal of
Sed i men tary Pe trol ogy, 62: 555–568.

Dumas, S., Ar nott, R.C.W., 2006. Or i gin of hummocky and swalley
cross-strat i fi ca tion. The con trol ling in flu ence of uni di rec tional
cur rent strength and aggradation rate. Ge ol ogy, 34: 1037–1076.

Filipek, A., Wysocka, A., Barski, M., 2017. Depositional set ting of
the Oligocene se quence of the West ern Carpathians in the Pol -
ish Spisz re gion – a re in ter pre ta tion based on in te grated palyno -
facies and sedimentological anal y ses. Geo log i cal Quar terly, 61
(4): 859–876.

Gedl, P., 2000. Biostratigraphy and palaeoenvironment of the
Podhale Palaeogene (In ner Carpathians, Po land) in the light of
palynological stud ies. Part I (in Pol ish with Eng lish sum mary).
Studia Geologica Polonica, 117: 69–154.

Gedl, P., 2018. „Depositional set ting of the Oligocene se quence of
the West ern Carpathians in the Pol ish Spisz re gion – a re in ter -
pre ta tion based on in te grated palynofacies and sedimento -
logical anal y ses” – Dis cus sion. Geo log i cal Quar terly, 62 (3):
745–750.

Janoèko, J., Jacko, S. Jr., 1998. Mar ginal and deep-sea de pos its
of the Cen tral-Carpathian Paleogene Ba sin, Spišká Magura re -
gion, Slovakia: im pli ca tion for ba sin his tory. Slo vak Geo log i cal
Mag a zine, 4: 281–292.

Köthe, A., Piesker, B., 2008. Stratigraphisches Vorkommen von
Dinoflagellatenzysten (Dinozysten) im Tertiär von Deutsch land.
Bundesanstalt für Geowissenschaften und Rohstoffe, Hannover.

Ksi¹¿kiewicz, M., 1977. The tec ton ics of the Carpathians. In: Ge ol -
ogy of Po land, 4, Tec ton ics: 476–620. Wyd. Geol., Warszawa.

Ludwiniak, M., 2010. Multi-stage de vel op ment of the joint net work
in the flysch rocks of west ern Podhale (In ner West ern Carpa -
thians, Po land). Acta Geologica Polonica, 60: 283–316.

Depositional setting of the Oligocene sequence of the Western Carpathians... 753

https://gq.pgi.gov.pl/article/view/25668/pdf


Ma³ecka, D., Nowicki, Z., 2002. Changes in the chem i cal com po si -
tion of spring wa ter in the Pol ish Tatra Mts. over the last sixty
years (in Pol ish with Eng lish sum mary). Biuletyn Pañstwowego
Instytutu Geologicznego, 404: 145–161.

Marschalko, R., Radomski, A., 1960. Pre lim i nary re sults of in ves ti -
ga tions of cur rent di rec tions in the flysch ba sin of the Cen tral
Carpathians (in Pol ish with Eng lish sum mary). Rocznik
Polskiego Towarzystwa Geologicznego, 30: 259–262. 

Mastella, L., 1975. Flysch tec ton ics in the east ern part of the
Podhale Ba sin (Carpathians, Po land). Rocznik Polskiego
Towarzystwa Geologicznego, 45: 361–401. 

Mulder, T., Razin, P., Faugeres, J.C., 2009. Hummocky cross-strat -
i fi ca tion-like struc tures in deep sea turbidites: Up per Cre ta -
ceous Basque bas ins (West ern Pyr e nees, France). Sedimento -
logy, 56: 997–1015.

Myrow, P.M., Fischer, W., Goodge, J.W., 2002. Wave-mod i fied
turbidites: com bined flow shore line and shelf de pos its, Cam -
brian, Antarctica. Jour nal of Sed i men tary Re search, 72:
641–656.

Nichols, G., 2001. Sedimentology and Stra tig ra phy. Blackwell Sci -
ence, Malden.

Oszczypko, N., Uchman, A., Malata, E. eds., 2006. Rozwój
paleotektoniczny basenów Karpat zewnêtrznych i Pieniñskiego
pasa Ska³kowego (in Pol ish). Instytut NG UJ. Kraków. 

Oszczypko, N., Œl¹czka, A., ¯ytko, K., 2008. Regionalizacja
tektoniczna Polski – Karpaty zewnêtrzne i zapadlisko
przedkarpackie (in Pol ish). Przegl¹d Geologiczny, 56: 927–935.

Plint, A.G., Norris, B., 1991. Anat omy of ramp mar gin se quence; fa -
cies suc ces sions, paleogeography, and sed i ment dis persal pat -
terns in the Muskiki and Marshybank for ma tions, Al berta Fore -
land Ba sin. Ca na dian Pe tro leum Ge ol ogy Bul le tin, 39: 18–42.

Pomar, L., Morsilli, M., Hallock, P., Badenas, B., 2012. In ter nal
waves, an un der-ex plored source of tur bu lent events in the sed i -
men tary re cord. Earth-Sci ence Re views, 111: 56–81.

Powell, A.J., 1992. Dinoflagellate cysts of the Ter tiary Sys tem. In: A
Strati graphic In dex of Dinoflagellate Cysts. Brit ish Micro -
palaeonto logical So ci ety Pub li ca tion Se ries (ed. A.J. Powell):
155–249. Chap man and Hall, Lon don.

Pross, J., Brinkhuis, H., 2005. Or ganic-walled dinoflagellate cysts
as paleoenvironmental in di ca tors in the Paleogene; a syn op sis
of con cepts. Paläontologische Zeitschrift, 79: 53–59.

Radomski, A., 1958. The sedimentological char ac ter of the
Podhale Flysch (in Pol ish with Eng lish sum mary). Acta Geolo -
gica Polonica, 8: 335–410.

Reineck, H.E., Singh, I.B., 1973. Depositional Sed i men tary En vi -
ron ments. With Ref er ences to Terrigenous Clastics. Springer,
Berlin.

Soták, J., Janoèko, J., 2001. Cen tral-Carpathian Paleogene Ba sin
– an out line to sedimentology, se quence stra tig ra phy and ba sin
his tory. In: Sed i men tary Se quences and Depositional Sys tems

of the Cen tral-Carpathian Paleogene Ba sin (eds. J. Janoèko
and J. Soták):1–32. Guide book to IAS field trip, Slovakia 2001;
Cassovia Print, Košice.

Soták, J., Pereszlenyi, M., Marschalko, R., Milicka, J., Starek, D.,
2001. Sedimentology and hy dro car bon hab i tat of the sub ma -
rine-fan de pos its of the Cen tral Carpathian Paleogene Ba sin
(NE Slovakia). Ma rine and Pe tro leum Ge ol ogy, 18: 87–114.

Starek, D., Sliva, ¼., Vojtko, R., 2012. Eustatic and tec tonic con trol
on late Eocene fan delta de vel op ment (Orava Ba sin, Cen tral
West ern Carpathians). Geo log i cal Quar terly, 56 (1): 67–84.

Stover, L.E., Brinkhuis, H., Damassa, S.P., de Verteuil, L., Helby,
R.J., Monteil, E., Par tridge, A.D., Powell, A.J., Rid ing, J.B.,
Smelror, M., Wil liams, G.L., 1996. Me so zoic-Ter tiary dino -
flagellates, acritarchs and prasinophytes. In: Palynology: Prin ci -
ples and ap pli ca tions, 2 (eds. J. Jansonius and D.C. McGregor): 
641–750. Amer i can As so ci a tion of Strati graphic Paly nolo gists
Foun da tion, Dal las, Texas, 

Tinterri, R., 2011. Com bined flow sed i men tary struc tures and the
ge netic link be tween sigmoidal- and hummocky-cross strat i fi ca -
tion. GeoActa, 10: 43–85.

Tinterri, R., Muzzi Magalhaes, P., 2011. Synsedimentary struc tural
con trol on foredeep turbidites: an ex am ple from Marnoso -
arenacea For ma tion, North ern Apennines, It aly. Ma rine and Pe -
tro leum Ge ol ogy, 28: 629–657. 

Unrug, R., 1979. Palinspastic re con struc tion of the Carpathian arc
be fore the Neo gene tectogenesis. Annales de la Société
Géologique de Pologne, 49: 3–21.

Vandenbergh, N., Hilgen, F.H., Speijer, R.P., 2012. The Paleogene 
Pe riod. In: A Geo logic Time Scale 2012 (eds. F.M. Gradstein,
J.G. Ogg, M.G. Schmitz and G.M. Ogg): 855–921. Cam bridge
Uni ver sity Press.

Walker, R.G., Duke, W.L., Leckie, D.A., 1983. Hummocky cross -
-strat i fi ca tion: Sig nif i cance of its vari able bed ding se quences:
dis cus sion. GSA Bul le tin, 94: 1245–1249.

Watycha, L., 1976. Objaœnienia do Szczegó³owej Mapy Geolo -
gicznej Polski, 1:50 000, Arkusz Nowy Targ (in Pol ish). Wyd.
Geol., Warszawa.

Westwalewicz-Mogilska, E., 1986. A new look on or i gin of the
Podhale Flysch sed i ments (in Pol ish with Eng lish sum mary).
Przegl¹d Geologiczny, 34: 690–698. 

Wil liams, G.L., Bujak, J.P., 1985. Me so zoic and Ce no zoic dino -
flagellates. In: Plank ton Stra tig ra phy (eds. J. Bolli, K. Saunders
and K. Perch-Niel sen): 847–964. Cam bridge Uni ver sity Press,
Cam bridge.

Wil liams, G.L., Brinkhuis, H., Pearce, M.A., Fensome, R.A.,
Weegink, J.W., 2004. South ern Ocean and global dinoflagellate 
cyst events com pared: in dex events for the Late Cre ta -
ceous-Neo gene. Pro ceed ings of the Ocean Drill ing Pro ject, Sci -
en tific Re sults, 189: 1–98.

754 Anna Filipek, Anna Wysocka and Marcin Barski


