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The Orava-Nowy Targ Ba sin is an intramontane de pres sion lo cated at the bor der of the In ner and Outer Carpathians. It is
filled mostly with fine-grained ter res trial and fresh-wa ter de pos its of Neo gene and Qua ter nary age, which re cord the struc -
tural evo lu tion and de nu da tion pro cesses of the sur round ing re gions: Orava, Podhale, and the Tatra Mts. The Orava-Nowy
Targ Ba sin fill was stud ied in the Oravica River sec tion, which re veals 90 m thick Neo gene de pos its and al lows ob ser va tion
of their lat eral di ver sity. Fif teen lithofacies and seven fa cies as so ci a tions dis tin guished here doc u ment the depositional evo -
lu tion of the ba sin fill, start ing from hill-slope de bris flow through silt turbidite-bear ing lake, to flood-dom i nated flu vial plain,
swamp and al lu vial fan de pos its, as well as a pyroclastic event. The palaeorelief was low dur ing de po si tion and the
Orava-Nowy Targ Ba sin could have spread sig nif i cantly more to the south.
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INTRODUCTION

The Orava-Nowy Targ Ba sin (ONT Ba sin) is an intra -
montane ba sin strad dling the junc tion be tween the West ern
Cen tral and Outer Carpathians (Fig. 1A). The ba sin for ma tion
and the pro cess of ba sin fill ing took place in Neo gene and Qua -
ter nary, and was con trolled by re gional tec tonic events, mainly
strike-slip fault ing and ver ti cal move ments of units un der ly ing
the ba sin. This makes the ba sin infill an ex cel lent re cord to
study the struc tural evo lu tion of the ad ja cent ar eas, which in -
clude Orava, Podhale, the Tatra, Pieniny, and Beskid ¯ywiecki
Mts., and the Orava-Nowy Targ de pres sion (Fig. 2B). This evo -
lu tion formed the pres ent-day pat tern of the main struc tural
units rep re sented by the Magura Unit, Pieniny Klippen Belt,
Podhale Synclinorium and Tatra Block.

In the Early Mio cene, the sed i men ta tion of de pos its be long -
ing to the Magura Unit and Podhale Synclinorium gen er ally
stopped and was fol lowed by up lift. At this time, thrust ing and
fold ing within the north ern part of the Magura Unit was in prog -
ress and con tin ued to spread south wards. Dur ing the
Early/Mid dle Mio cene the Podhale Synclinorium was folded
and the tec tonic con tacts be tween the Magura Unit, Pieniny
Klippen Belt, and Podhale Synclinorium were formed. The sed i -
men ta tion of the ONT Ba sin could have started in the Mid dle or

Late Mio cene (Oszast and Stuchlik, 1977) upon the weath ered
and eroded sur face of these three units.

Dur ing the Late Neo gene and Qua ter nary, the tec tonic sub -
si dence of the ONT Ba sin con tin ued (£ój et al., 2009), while ad -
ja cent ar eas were gen er ally up lifted (Watycha, 1977). This re -
sulted in the par tial ero sion of the Magura Unit, Pieniny Klippen
Belt, and Podhale Synclinorium, which all sup plied clastic ma te -
rial to the ONT Ba sin (Tokarski et al., 2012). The clast char ac -
ter is tics (e.g., grain size, li thol ogy), the type of sed i men tary en -
vi ron ment, and palaeotransport di rec tions al low palaeorelief in -
ter pre ta tions and re veal which units were eroded at that time.
Such anal y sis can be ap plied to the ONT Ba sin to trace the
struc tural evo lu tion of the ba sin it self, as well as the pro cess of
up lift and ero sion of the Magura Unit, Pieniny Klippen Belt,
Podhale Synclinorium, and Tatra Block.

Al though the Tatra Block could have al ready been up lifted in 
the Neo gene (Œmigielski et al., 2011), the ma te rial de rived from
the Tatra Block is en coun tered only within the up per most part of 
the ONT Ba sin, which is con sid ered to be Qua ter nary (Waty -
cha, 1977; Baumgart-Kotarba et al., 1996; Tokarski et al.,
2012). This may re flect ei ther a large thick ness of the now
non-ex is tent Paleogene/Neo gene over bur den of the Tatra
Mas sif, or the ex is tence of a bar rier sep a rat ing the Tatra area
from the ONT Ba sin (Watycha, 1977), or point to the type of
weath er ing and trans por ta tion that re sulted in fine clastic de liv -
ery only.

The main aim of the pa per is to re con struct the main sed i -
men tary en vi ron ments for the ONT ba sin in the Neo gene,
based on de tailed sedimentological stud ies in the Oravica River 
sec tion (Figs. 2–4).
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GEOLOGICAL SETTING

The ONT Ba sin over lies three older units: the Magura
Nappe, Pieniny Klippen Belt (PKB), and Podhale Synclinorium
(Fig. 1B). The PKB is a nar row, long, and strongly tectonized
struc ture com pris ing sev eral suc ces sions of Early Ju ras sic- Pale -
ogene rocks rep re sented by lime stones, marls, claysto nes,
calcarenites, and con glom er ates (e.g., Andrusov, 1938; Birken -
majer, 1960). The Magura Nappe suc ces sion is Albian/Ce no -
manian–Mio cene in age and con sists pre dom i na ntly of grey -
wackes, quartz and arkosic sand stones, claysto nes, silt stones,
and marls (Birkenmajer and Oszczypko, 1989; Ciesz ko wski et
al., 1989; Cieszkowski, 1995; Malata et al., 1996).

The ONT Ba sin is un der lain in the study area by the
Podhale Synclinorium (Fig. 2C), which is gen er ally built up of
sand stones, cal car e ous claystones, shales, and rare con glom -
er ates, which com prise the Lutetian-Bartonian to Egerian sed i -
men tary fill of the Cen tral Carpathian Paleogene Ba sin (CCPB)
(Gross et al., 1993a; Olszewska and Wieczorek, 1998; Sotak,
1998a, b; Garecka, 2005). The synclinorium is asym met ri cal
with the main par al lel tec tonic zones elon gated in an E–W di -
rec tion (Mastella, 1975; Ludwiniak, 2010). The study area is lo -
cated near the north ern mar gin of this unit (Figs. 1 and 2C),
where the un der ly ing flysch rocks dip 45–50° to the south.

The gen er ally E–W elon gated ONT Ba sin is di vided into two 
main parts: east ern, called the Nowy Targ Ba sin, and west ern,
re ferred to as the Orava Ba sin. The west ern part is up to
1300 m deep (Watycha, 1977), 14 km wide, and rhomboidal in
shape. The gen e sis of the Orava Ba sin has been widely dis -
cussed (Roth et al., 1963; Watycha, 1977; Bac-Moszaszwili,
1993; Baumgart-Kotarba, 1996, 2001; Pomianowski, 2003;
Baumgart-Kotarba et al., 2004; Struska, 2008; Tokarski et al.,
2012), but most au thors agree that a strike-slip mech a nism was 
in volved. Dur ing the Late Oligocene–Mio cene, the West ern
Carpathians struc ture was af fected by the for ma tion of re gional
fault sys tems (Kováè and Hók, 1993; Kováè et al., 1998). It is
pos si ble that the for ma tion of faults bound ing the ONT Ba sin is
re lated to the ac tiv ity of the in ferred Myjava Fault (Jankù et al.,
1984; Pospíšil et al., 1986; Pospíšil, 1990).

The Neo gene strata within this part of the ONT Ba sin are
mod er ately tec toni cally dis turbed within a few zones, in clud ing

the Èimhová re gion. The dips of beds are mainly subhorizontal,
but in crease up to 25° at the ba sin mar gin (dip di rec tion is
basinwards). The frac ture net work is the most dis tinct struc tural
fea ture in the Neo gene strata (Tokarski and Zuchiewicz 1998;
Kukulak, 1999), whereas faults, pre dom i nantly nor mal in char -
ac ter, are rarely no ticed.

The ONT Ba sin opened above a meso-Al pine con sol i dated
base ment which un der went weath er ing and ero sion (Cieszko -
wski, 1995; Œwierczewska, 2005). The on set of sed i men ta tion
is var i ously es ti mated to be Karpatian/Badenian (Nagy, 1993),
Badenian (Oszast and Stuchlik, 1977), Late Badenian or
Sarma tian (Cieszkowski, 1995), or Sarmatian in age (Nagy et
al., 1996), and the age of the ba sin fill it self is equally poorly con -
strained. An an gu lar un con formity dis sects the up per part of the 
ONT Ba sin infill, but the age of tilt ing and as so ci ated ero sion is
still un der dis cus sion (Baumgart-Kotarba et al., 1996; Tokarski
et al., 2012). Ac tive sed i men ta tion within the ba sin con tin ues to
the pres ent-day.

The ONT Ba sin infill con sists pre dom i nantly of fine clastic
de pos its rep re sented by claystones, coaly claystones, clayey
siltstones, and sand stones, whereas con glom er ates are pres -
ent in mi nor quan ti ties (Watycha, 1977). Clay min eral stud ies
re vealed the pres ence of beidellite, chlorite, and illite (Wiewióra
and Wyrwicki, 1980). There are also in ter ca la tions of brown
coal (Ko³con and Wag ner, 1991; Nagy et al., 1996) and tuffite
(Sikora and Wieser, 1974; Westwalewicz-Mogilska, 1974). The
ba sin fill has been in ter preted in terms of fresh-wa ter and ter res -
trial de po si tion, with the mar ginal, con glom er atic al lu vial fans
merg ing basinwards with fine clastic de pos its (Watycha, 1976).
Al though there was dis cus sion about the pres ence of Lower
Mio cene ma rine de pos its in the ONT Ba sin (Birkenmajer,
1954), they have been fi nally re in ter preted as be long ing to the
up per most part of the Magura Unit (Cieszkowski, 1995). So far,
no de tailed sedimentological pa pers have been pub lished from
the area, ex cept for stud ies de voted to con glom er ates in ter -
preted as laid down in al lu vial fan and flu vial en vi ron ments
(Plewa, 1969; Baumgart-Kotarba et al., 1996; Kukulak, 1998;
Tokarski et al., 2012). Clastic ma te rial was gen er ally de rived
from the CCPB and Magura Unit, and subordinately from the
PKB. De tri tus of Tatra Mts. prov e nance oc curs only within the
up per most part of the ONT Ba sin fill.
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Fig. 1. Sche matic tec tonic map of the north ern part of the Cen tral West ern Carpathians (A), 
show ing the lo ca tion of the study area (B) (af ter Lexa et al., 2000; mod i fied)

https://gq.pgi.gov.pl/article/view/8577/pdf_634
https://gq.pgi.gov.pl/article/view/9107/7660


STUDY AREA

The Oravica River sec tion is lo cated at the pres ent south ern 
bor der of the ONT Ba sin. At the study area, near the Slo vak vil -
lage Èimhová, the Oravica River crosses the con tact be tween
the Cen tral Carpathian Paleogene Ba sin (CCPB) and Neo gene 
de pos its of the ONT Ba sin (Fig. 2C). The whole river val ley is
>0.5 km wide, and the river chan nel is only sev eral metres wide. 
Within the sec tion dis cussed the river cuts into its for mer ter -

races and into the sur round ing ter rain, which is up to 15 m
above the wa ter level. Nat u ral ex po sures of the Neo gene strata
are lo cated in the river bed, cut banks, and slide scars.

The Oravica River sec tion ex tends be tween two points where 
the Oravica River crosses the CCPB/ONT Ba sin con tacts
(N49.36520, E19.70532 and N49.36514 E19.69593; Fig. 3).

As sum ing that the low er most de posit of the Oravica River
sec tion com prises the basal part of the ONT Ba sin fill, it is prob -
a bly of Badenian (Oszast and Stuchlik, 1977) or Sarmatian age
(Nagy et al., 1996).
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METHODS

Stan dard field sedimentological log ging was ap plied to all ex -
po sures within the area dis cussed. Li thol ogy, grain size, sed i -
men tary struc tures, diagenetic struc tures, fos sils, and bed thick -
nesses were re corded. More over, struc tural fea tures such as
bed ding, frac tures, and faults were mea sured to al low better bed
cor re la tions. Field work was con ducted in the years 2011–2013.

The re pet i tive set of sed i men tary fea tures men tioned above 
al lows one to dis tin guish four teen lithofacies, based on the
meth od ol ogy pro posed by Read ing (1996) and Miall (2000,
2006). Lo cal con di tions of de po si tion were in ter preted for each
lithofacies. Co-oc cur ring lithofacies were grouped into seven fa -
cies as so ci a tions and in ter preted in terms of sed i men tary en vi -
ron ments. Fa cies as so ci a tions were cor re lated across the out -
crop area. Palaeoflow data com prise cross-stra tum dip di rec -
tions de rived from cross-bed ded sand stones (11 read ings) and
rip ple cross-lam i na tion mea sured on ori ented sam ples (41 rea -
d ings), with an ac cu racy of ca. ±15°.

RESULTS

STRUCTURAL ASPECTS 
OF THE ORAVICA RIVER SECTION

The Oravica River and its small trib u tar ies cut into the Neo -
gene rocks, re sult ing in many ex po sures scat tered within a 500 x
160 m area, elon gated in an E–W di rec tion. The mean bed ding
ori en ta tion is 005°/20° (35 mea sure ments, stan dard de vi a tions
for dip di rec tion and dip an gle are 23° and 4°, re spec tively). The
Oravica River sec tion al lows doc u men ta tion of a 90 m thick sed i -
men tary log (Fig. 4) and its 500 m wide lat eral di ver sity.

Rocks in the Oravica River sec tion are mod er ately tec toni -
cally dis turbed (Fig. 3), which is sig nif i cant in terms of the whole
ONT Ba sin. Two types of frac ture were iden ti fied: 1 – reg u lar,
ver ti cal, and NE–SW trending (see Fig. 7F); 2 – ir reg u lar, curved, 
near-ver ti cal, and trending in var i ous di rec tions. Frac ture dis tri -

bu tion var ies strongly within the sec tion, which prob a bly dem on -
strates a high di ver sity of rock me chan i cal prop er ties re lated to
their li thol ogy. Fault ing af fects many parts of the sec tion and was
taken into ac count when do ing bed cor re la tion (Fig. 3). Fault sur -
faces are gen er ally straight and ac com pa nied by thin (sev eral
milli metre) clay-smear zones. Slickenside striations (Fig. 7H) are
rare and no drag fold ing was ob served. Most faults are small-
 scale (throw <0.1 m; Fig. 7G) and can be missed if bed ding is in -
dis tinct. Large-scale faults (throw >0.5 m; Fig. 7I) can be eas ily
spot ted due to con trasts in rock col our, or the pres ence of dis -
placed coal lay ers. Fault planes are gen er ally steep (dip is
around 45–80°), with the ob served hang ing-walls dis placed
down wards, so all faults were in ter preted as nor mal faults.

Large-scale faults were grouped into four fault zones:
F1–F4 (Fig. 3). They di vide the out crop into four ar eas and each 
of them rep re sents a con tin u ous part of the Oravica River sed i -
men tary sec tion. The area west of F1 rep re sents the low er most
part of the sec tion. The area be tween F1 and F3 also rep re -
sents some low er most part, but the ex act po si tion is un cer tain.
The area be tween F3 and F4 rep re sents the mid dle and up per -
most part, and the area east of F4 rep re sents the low er most
and mid dle part of the sec tion.

A tuffite layer oc curs in the mid dle of the Oravica River sec -
tion and pro vides an ex cel lent strati graphic marker across the
study area (Figs. 3 and 8). The tuffite has a con stant thick ness
(ca. 40 cm) and dis plays a char ac ter is tic tripartition in its in ter nal 
struc ture (Fig. 7C), so it can be con fi dently traced in the field.
The tuffite is eas ily ac ces si ble and was ob served at six sep a rate 
places, which points to the ab sence of any ma jor faults be tween 
the known tuffite ex po sures (be tween fault zones F3 and F4;
see Fig. 3).

LITHOFACIES

Fif teen lithofacies were dis tin guished in the Oravica River
sec tion (Ta ble 1). 

Ma trix-sup ported monomict dis or ga nized brec cia (Fig.
5A, B) con sists of flysch sand stone and mudstone clasts (up to
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Fig. 3. Sit u a tion sketch of the Oravica River sec tion, show ing out crops of Neo gene (Ng) and Paleogene (Pg) rocks, 
and struc tural el e ments of the sec tion



0.4 m across) set in an abun dant muddy ma trix. Clasts are very
poorly sorted, weath ered, of ten frac tured, and an gu lar in shape. 
Con tacts be tween the clasts and the ma trix are ob scured by a
sim i lar ity in col our and the low me chan i cal strength of the
clasts. No sed i men tary struc tures were found. Such structu -
reless, ma trix-sup ported brec cia can be in ter preted as the re -
sult of de po si tion from a co he sive, clay-rich de bris flow (Miall,
2006). Any tec tonic or i gin of the brec cia is dis carded here be -
cause of the ab sence of slip struc tures. This lithofacies was ob -
served only at the base of the Oravica River sec tion, where the
brec cia bed is around 2 m thick.

Clast-sup ported polymict con glom er ate (Fig. 5C, D)
shows in ter stices be tween clasts filled with un sorted sand and

mud. The gravel frac tion is mod er ately sorted and con sists of
peb ble- to cob ble-sized clasts, up to 20 cm in size, which are
subrounded and rarely imbricated. The con glom er ate oc curs
only at the top of the Oravica River sec tion, where it is 5 m thick
and un der lain by an an gu lar un con formity. 

The clast com po si tion of the con glom er ate (count of 100
clasts; Fig. 4) shows a het er o ge neous mix ture of rocks de rived
from the Podhale flysch and Tatra Moun tains (in clud ing their
crys tal line core), which is typ i cal only of con glom er ates from the 
up per most part of the ONT Ba sin fill. Tokarski et al. (2012) per -
formed a study of clast com po si tion of a sim i lar con glom er ate
bed in a nearby out crop. Their re sults show a much higher pro -
por tion of rocks de rived from the Podhale flysch rel a tive to
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Fig. 4. Syn thetic sed i men tary log for the Oravica River sec tion, show ing li thol ogy, lithofacies, fa cies as so ci a tions, 
sed i men tary and diagenetic struc tures, and palaeocurrent di rec tions



those from the Tatra Mts., while the rel a tive share of var i ous
lithologies sup plied from the Tatra Mts. is sim i lar. The clast-sup -
ported polymict con glom er ate is in ter preted as a re sult of bed -
load trans port in tur bu lent wa ter flow typ i cal of rivers. Only the
coars est clasts un dergo de po si tion in main stream flow, while
finer clasts in fil trate the space be tween, in lower ve loc ity flow.

Hor i zon tally lam i nated sand stone con sists of well- sorted,
fine- and me dium-grained sand stones. Laminae are de lin eated
by con cen tra tions of plant de tri tus and ac cen tu ated by me chan i -
cal weath er ing (Fig. 5F). The sand stone Sh of ten con sists of
rounded muddy intraclasts up to 1 cm across. Beds of this fa cies
are up to 3 m thick and oc cur as sin gle, non-amal gam ated bod -
ies within fine-grained and heterolithic lithologies. The in vari abil -
ity of grain-size and type of bedform dem on strates sta ble con di -
tions of flow dur ing plane-bed trans port and sed i men ta tion.

Pla nar cross-bed ded sand stone com prises also well-
 sorted, fine- and me dium-grained sand stones, but shows an gu -
lar and tan gen tial cross-strat i fi ca tion. In di vid ual cross- sets, up to
0.4 m thick, are stacked ver ti cally to form cosets up to 1 m thick
(Fig. 5E), which are sep a rated by ei ther ero sional bound aries or
plane par al lel laminasets. The Sp lithofacies is in ter preted as
river bedload de pos its emplaced within 2D dunes. The oc cur -
rences of the pla nar cross-strat i fied sand stones are lim ited lat er -

ally within the Oravica River out crop (elon gated in an E–W di rec -
tion), so they are prob a bly chan nel infills.

Trough cross-bed ded sand stone (Fig. 5E) is sim i lar to
pla nar cross-bed ded sand stone (Sp) and dif fers from the lat ter
in the pres ence of con cave-up basal scours. Beds are up to 1 m 
thick, show up wards fin ing in the grain-size from coarse to fine
sand, and con sists of stacked cross-sets, up to 0.5 m thick. This 
fa cies is in ter preted as a river bedload de posit emplaced within
3D dunes.

Rip ple cross-lam i nated sand stone oc curs in thin beds
(up to 5 cm), which show small-scale (up to 1 cm) cross-lam i na -
tion. Climb ing rip ples oc cur spo rad i cally. This litho facies is a re -
sult of lower flow re gime de po si tion, some times with a high rate
of clastic ma te rial sup ply.

Sand stone-dom i nated heterolithic de posit rep re sents
ver ti cal stacks (beds up to 2 m thick) of Bouma se quences (di vi -
sions Tb–e, up to 10 cm thick; Fig. 5G, H). The dom i nat ing grain 
size for Tb–d is from fine sand to silt. The Bouma Te di vi sion
can be siltstone or claystone, up to 4 cm thick, which was oc ca -
sion ally scoured at the top by the next cy cle flow (Fig. 6A).
Sand stone soles are ero sional or show load struc tures (Fig.
6B). The ad mix ture of plant de tri tus is com mon within the sand -
stone part of the Hs fa cies. We see two mech a nisms that can
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T a  b l e  1

Lithofacies dis tin guished in the Oravica River sec tion, with their key fea tures and in ter pre ta tion
 (for de tails see text)

Fa cies

code
Lithofacies De scrip tion Depositional mech a nism

Gmm
ma trix-sup ported,

monomict, 
dis or ga nized brec cia

up to 2 m thick; com posed of weath ered, frac tured, 
an gu lar clasts of flysch sand stone and mudstone 

with a muddy ma trix 
co he sive, clay-rich de bris flow

Gcm
clast-sup ported

polymict con glom er ate

up to 5 m thick; dis or ga nized, rare imbricated clasts; clast
compositon (Fig. 4): flysch sand stones (46%),

other sand stones (11%), lime stones (18%),
quartzites (18%), gneiss es (4%), granitoids (3%)

low sed i ment con cen tra tion flow

Sh
hor i zon tally lam i nated

sand stone
beds up to 3 m thick; fine- and me dium-grained, well-sorted sand -

stone; very com mon plant de tri tus; rare muddy intraclasts
plane-bed trans port by trac tional

cur rents in up per flow re gime

Sp
pla nar cross-bed ded

sand stone
beds up to 1 m thick; fine- and me dium-grained, well-sorted 

sand stone; very com mon plant de tri tus; rare muddy intraclasts
2D dune trans port in up per range 

of lower flow re gime

St
trough cross-bed ded

sand stone
beds up to 1 m thick; fine- to coarse-grained;

oc ca sion ally fill ing ero sional scours
3D dune trans port in up per range 

of lower flow re gime

Sr
rip ple cross-lam i nated

sand stone beds up to 5 cm thick; fine-grained sand stone rip ple trans port in lower range of
lower flow re gime

Hs
sand stone-dom i nated

heterolithic de posit

cy cli cally or ga nized units up to 2 m thick, of nor mally graded fine
sand stones, siltstones, and very rarely claystones; 
small scale (up to 10 cm) Bouma se quences Tb–e

low-den sity tur bid ity cur rents

Hf
siltstone-dom i nated
heterolithic de posit

cy cli cally or ga nized units up to 2 m thick, of nor mally graded
siltstones with rare interbeds of claystones; small-scale

 (up to 4 cm) Bouma se quences Tc–e; pil lar and dish struc tures
low-den sity tur bid ity cur rents

Fl lam i nated siltstone beds up to 3 m thick; siltstone and clayey siltstone; 
laminae ca. 1 cm thick; seen as grad ual col our changes

weak cur rent-driven fall out 
of hemipelagic sus pen sion

Fm mas sive siltstone

beds up to 4 m thick; siltstone and clayey siltstone; gen er ally
mas sive, lo cally hor i zon tal lam i na tion and rip ple cross-lam i na tion; 

grey-blue or red; rare muddy intraclasts, mol lusc shell
de tri tus and plant mat ter; sid er ite con cre tions, sid er ite

ho ri zons, and pedogenic struc tures in places

mud-sus pen sion fall out 
in flu enced by weak-cur rents;

oc ca sion ally pedogenic
pro cesses

CL mas sive claystone beds 0.1–8.0 m thick; mas sive to lo cally lam i nated claystone,
dark grey or grey-blue de po si tion from sus pen sion

CCL coaly claystone beds up to 20 cm thick of black claystones rich in dis persed
coalified plant mat ter

phytogenic ac cu mu la tion af fected 
by fine clastic sup ply

C coal beds up to 30 cm thick of black coal; mas sive or lam i nated, 
brit tle, shin ing phytogenic ac cu mu la tion

T tuffite
approx. 40 cm thick layer com prised of 3 amal gam ated cy cles,

each grad ing up wards from thick siltstone to thin claystone; white 
or yel low; green when wet

vol ca nic ashfall

L lime stone up to 30 cm thick bed of calcitic rock; mas sive to lam i nated,
abun dant mol lusc shells; over ly ing coal authigenic cal cite pre cip i ta tion
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Fig. 5. Coarse-grained lithofacies of the Oravica River sec tion 

A – ma trix-sup ported monomict brec cia (lithofacies Gmm) un der ly ing fine clastic de pos its (lithofacies
Fm.); B – the same brec cia con sist ing of an gu lar and strongly weath ered flysch clasts of di ver si fied size
(up to 40 cm); C – clast-sup ported polymict con glom er ate (lithofacies Gcm) dis cor dantly over ly ing fine
clastic de pos its (lithofacies Fm and CCL); D – the same con glom er ate shows dis or ga nized, or rarely
imbricated struc ture; E – thick-bed ded sand stones with hor i zon tal lam i na tion (Sh), pla nar cross-bed ding
(Sp) and trough cross-bed ding (St), al ter nat ing with blu ish mas sive siltstone (Fm); F – pla nar cross-bed -
ded sand stone (Sp) and hor i zon tally lam i nated sand stone (Sh) show ing strat i fi ca tion marked by black
wood de tri tus and grey mud intraclasts (marked by ar rows); G – Bouma se quence in cy clic heterolithic
sand-dom i nated de pos its (Hs): Tb – par al lel-lam i nated sand stone, Tc – cross-lam i nated sand stone, Td – 
lam i nated siltstone, Te – mas sive siltstone and/or claystone; H – top sur face of thin cross-lam i nated
sand stone bed (Hs) cov ered by si nu soi dal rip ples; trans port di rec tion shown by ar row



ex plain the cy clic char ac ter of de po si tion: low-den sity cur rent
de po si tion in a body of stand ing wa ter, or cy clic flood ing of river
overbanks.

Siltstone-dom i nated heterolithic de posit (Fig. 6C) rep -
re sents a ver ti cal stack of Bouma se quences (di vi sions Tc–e)
con sist ing of siltstones and claystones. Beds are up to 2 m
thick. Se quences Tc–d are up to 4 cm thick, and Te can be tens

of centi metres thick. In di vid ual load cast struc tures were ob -
served at the bot tom of these se quences (Fig. 6D). The litho -
facies Hf lacks plant de tri tus. It has a unique two-col our sche -
me, i.e., the rip ple-lam i nated di vi sion is light grey and the hor i -
zon tal-lam i nated di vi sion is dark grey. This prop erty makes
lithofacies Hf eas ily dis tin guish able from lithofacies Hs, Fl, and
Fm, which are gen er ally grey or yel low. Sed i men tary struc tures

28 Maciej £oziñski, Anna Wysocka and Miros³aw Ludwiniak

Fig. 6. Fine-grained lithofacies of the Oravica River sec tion

A – soft-sed i ment dis tur bances at the claystone/sand stone bound ary (marked by tri an gles); B – load-
 casted base of sand stone, show ing flame and ball-and-pil low struc tures within sand-dom i nated hetero lithic 
de pos its (Hs); C – fine rip ple cross-lam i na tion and hor i zon tal lam i na tion within heterolithic silt-dom i nated
de pos its (Hf); D – load cast struc ture within siltstone (Hf); E – sub tly lam i nated siltstones (Fl); F – mas sive
siltstone bed (Fm), over 3 m thick; G – coal (C) bed within claystones (CL) and coaly claystones (CCL) con -
tain ing also thin in ter ca la tions of lime stone (L); H – coal bed (C) break ing-up into small, shiny pieces
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Fig. 7. Sed i men tary, diagenetic and tec tonic fea tures of the Oravica River sec tion

A – sid er ite con cre tion with septaria; B – un iden ti fied gray small-scale con cre tions; C – strat i fied tuffite layer (T), 40 cm thick,
com posed of three, amal gam ated siltstone-claystone cou plets; note the coaly claystone squeezed-up into small-scale fault;
D – the same tuffite layer that is dis sected by ver ti cal in jec tions of un der ly ing coaly claystone; E – coaly claystone (CCL),
show ing abun dant leaves and plant de tri tus; F – reg u lar frac tures; G – small-scale nor mal fault within coaly claystones
(CCL); H – slickenside striations (marked by tri an gles) at a nor mal fault F1 (see Fig. 3) sur face; I – nor mal fault F2 (see Fig. 3) 
at the con tact of two silty lithofacies: Fl and Fm 



are very del i cate and show no other dis tur bances, such as
bioturbation or cur rent ero sion. Prob a bly the same low-den sity
cur rent mech a nism was re spon si ble for cyclicity as for litho -
facies Hs.

Lam i nated siltstone (Fig. 6E) con sists of mo not o nous
beds, up to 3 m thick, of clayey siltstone that is lam i nated and lo -
cally mas sive. Lam i na tion is in ferred from small changes of col -
our tone and the pres ence of part ings along bed ding planes.
The lamina thick ness var ies from 2 to 20 mm. Siltstones Fl (like
lithofacies Hf) lack plant de tri tus, ex cept for one small piece of
drifted wood. The struc ture of siltstone Fl is un dis turbed. The
de po si tion mech a nism is in ter preted as sus pen sion fall out. The 
lam i na tion can be the re sult of suc ces sive pulses of weak cur -
rents car ry ing silty ma te rial. 

Mas sive siltstone is the most com mon lithotype in the
Oravica River sec tion (Fig. 6F). It oc curs in beds, up to 4 m
thick, of siltstone and clayey siltstone, which gen er ally lack any
vis i ble sed i men tary struc tures. How ever, crude hor i zon tal- and
rip ple cross-lam i na tion is lo cally dis cern ible due to sub tle col our 
vari a tions. In places, nor mal or in verse grad ing be tween silt -
stone (Fm) and claystone (CL) can be ob served. The mas sive
siltstone typ i cally dis plays a grey-blue col our, which be comes
red if it un der goes ox i da tion. The Fm lithofacies is lo cally rich in
sid er ite con cre tions, with sphe roi dal ce ment tex tures in dic a tive
of a fresh-wa ter en vi ron ment (Fig. 7A), ce mented ho ri zons, and 
palaeosol calcitic struc tures (Fig. 7B). Con cre tion ho ri zons gen -
er ally fol low bed ding planes, which are tec toni cally tilted in the
Oravica River sec tion. 

The thick beds ac com pa nied by the ab sence of traces of
ero sion in di cates con tin u ous sed i men ta tion. The mas sive stru -
c ture may re flect rapid de po si tion from sus pen sion dur ing pe ri -
ods of high clastic ma te rial sup ply, e.g. flood ing, al though
strong bioturbation can not be en tirely ruled out. The va ri ety of

diagenetic struc tures su per im posed on the mas sive siltstone in -
di cates that this fa cies un der went soil pro cesses, but was in ter -
rupted by pe ri odic clastic de liv ery thus pre vent ing any full de vel -
op ment of palaeosol zones. Nev er the less, the pres ence of sid -
er ite and calcitic struc tures al lows for in ter pre ta tion of these
palaeosols as mod er ately de vel oped (Retallack, 1988). This
type of diagenetic struc ture is ab sent from other silt-rich litho -
facies (Fl and Hf). 

Mas sive claystone com prises 0.1–8.0 m thick beds of dark 
grey to grey-blue claystone, show ing lo cally small ad mix tures of 
silt. This fa cies lacks sed i men tary struc tures, al though it may in
places con tain plant fos sils aligned par al lel to the bed ding
planes. Well-pre served leaves are scat tered within the
comminuted plant de tri tus. Thicker beds (up to 8 m) oc cur
within the low er most part of the Oravica River sec tion and sug -
gest long pe ri ods of slow sus pen sion set tling. They lack plant
fos sils and their mostly dark grey col our may re flect the pres -
ence of dis persed, unoxidized or ganic mat ter. Mas sive clay -
stone beds pres ent within the up per part of the sec tion beds are
thin ner (up to 1 m), con tain laminae rich in plant de tri tus, and
are gen er ally grey-blue (Fig. 6G).

Coaly claystone (Figs. 6G and 7C–E, G) com prises thin
(up to 20 cm) claystone beds abound ing in plant de tri tus, con -
cen trated in dark grey to black laminae. Plant re mains are
mainly fine un iden ti fi able de tri tus, leaves, and rarely wood frag -
ments. This fa cies orig i nated in an en vi ron ment which was
abun dant in wa ter and sub jected to a pe ri odic sup ply of terrige -
nous mat ter, and as so ci ated with sig nif i cant veg e ta tion in the
neigh bour hood, such as an ox bow lake or riv er bank strongly in -
flu enced by flood ing.

Coal (Fig. 6G, H) oc curs in black lithified beds (5–30 cm
thick) of phytogenic de pos its. No plant re mains can be iden ti fied
mac ro scop i cally. The coal dis plays a mas sive to strat i fied struc -
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Fig. 8. Cor re la tion scheme show ing re la tion ships be tween the fa cies as so ci a tions dis tin guished in the Oravica River sec tion



ture and tends to break into small brick-like pieces (Fig. 6H). The
frac ture sur faces are of ten shiny. These mac ro scopic fea tures
sug gest that the coal un der went con sid er able burial (at the Ústie
nad Priehradou site it is es ti mated to be 1150 m; Nagy et al.,
1996) or strong mi cro bi o log i cal pro cesses. The coal beds lo cally
con tain very thin in ter ca la tions of lime stone (lithofacies L; Fig.
6G). The pres ence of coals can be re lated to strongly de vel oped
palaeosols (Retallack, 1988), or phytogenic ac cu mu la tion in
swamps.

Tuffite forms one layer (up to 40 cm thick) com posed of
three sim i lar ver ti cally amal gam ated beds (Fig. 7C). Each bed
shows nor mal grad ing from thick siltstone (up to 20 cm) to thin
(up to 2 cm) claystone. The col our of the layer is white or yel low, 
al though it be comes green ish when it is wet. This lithofacies is
much more lithified, more po rous, and ac cord ingly less dense
than any other silt stone and claystone lithofacies. The siltstone
mem ber of the layer mainly con tains weath ered, un iden ti fied
clasts, which al tered into clay min er als and an gu lar quartz
grains. A va ri ety of ver ti cal struc tures cuts the layer. They may
rep re sent in jec tions of un der ly ing clays (CL) and coaly clays
(CCL) into frac tures (Fig. 7C), or ver ti cal holes left by the bur ied
stems of plants (Fig. 7D). Al though no typ i cal pyroclastic ma te -
rial has been mac ro scop i cally rec og nized, the over all char ac -
ter is tics of this fa cies are con sis tent with an ash fall.

Lime stone (Fig. 6G) is pre dom i nantly com posed of authi -
genic microspar and spar cal cite, and abounds in shell de tri tus
– mainly molluscs. Or ganic mat ter is dis persed, or pres ent as
plant re mains. The lime stone ex hib its large intercrystalline and
intrashell po ros i ties. It is grey, but turns pale-yel low on weath -
ered sur faces. The lime stone oc curs as an up to 30 cm thick
bed over ly ing coal. It seems that in this lithofacies cal cium car -
bon ate shells have been much better pre served than in other
lithofacies. Con sid er ing the abun dance of well-pre served mol -
lusc shells, the lime stone bed could have been de pos ited in a
small ephem eral lake.

FACIES ASSOCIATIONS

The lithofacies were grouped into seven fa cies as so ci a tions 
(FA) rep re sent ing dis tinct depositional en vi ron ments. The as -
so ci a tions com prise Ta ble 2.

The Oravica River sec tion (Figs. 4 and 8) com mences with
col lu vium (FA I), rep re sented by a bed of lithofacies Gmm (up to
2 m thick) fol lowed up wards by a bed of lithofacies Fm (up to 1 m
thick). The lat ter con tains pre served wood frag ments and shell
de tri tus, but lacks pedogenic struc tures (Fig. 5A). The de bris-

 flow or i gin of lithofacies Gmm and the an gu lar shape of flysch
clasts build ing up the brec cia in di cate short trans por ta tion. Al -
though the ex act sed i men tary con tact be tween un der ly ing flysch
rocks and the Gmm bed was not ob served, it seems that the col -
lu vium be gins the ONT Ba sin fill. It is worth not ing that sim i lar
lithofacies were iden ti fied in other out crops within the ONT Ba sin: 
Miêtustwo (Ciche), Chocho³ów, Lipnica Wielka, and Nové Ústie,
all lo cated near the flysch/ONT Ba sin bor der (£oziñski, 2011). A
wood ad mix ture here in di cates land in the vi cin ity.

The col lu vium is fol lowed up wards by a fine-grained unit,
sev eral metres thick, which con sists of mas sive claystone (fa -
cies CL) interbedded with lam i nated siltstone (Fl), and is in ter -
preted as an off shore-lake fa cies as so ci a tion (FA II). The ab -
sence of coal ho ri zons and sid er ite/calcitic struc tures dis tin -
guishes this fa cies as so ci a tion from floodplain (FA V) and
swamp (FA VI) de pos its. The dark grey col our of the mudrocks
sug gests dysoxic/anoxic bot tom con di tions in a lake that was
likely to be a few metres deep. Very fine clastic ma te rial was
deposited from suspension.

The off shore lake de pos its grade up wards into heterolithic
lithofacies (Hf and Hs), interbedded with mas sive claystones
(CL) and lam i nated siltstones (Fl). The fre quency of oc cur rence
of the two lat ter fa cies de creases up wards and this is ac com pa -
nied by a coars en ing-up wards trend. The char ac ter is tics are in -
ter preted to in di cate a grad ual up wards tran si tion into the near -
shore-lake fa cies as so ci a tion (FA III). De po si tion was gen er ally
from sus pen sion in a body of stand ing wa ter, and was pe ri od i -
cally in ter rupted by low-den sity tur bid ity cur rents, as in di cated
by the oc cur rence of Bouma-type se quences within the
heterolithic fa cies (Hf and HS). The to tal thick ness of the lake
de pos its pro vides a crude es ti mate of the lake depth, which is a
func tion of in ter play be tween sub si dence and sed i men ta tion
rates. Con sid er ing the thick ness of lithofacies Hs (up to 3 m),
which is as sumed to be rap idly de pos ited, and the to tal thick -
ness of the lake de pos its (up 20 m), the depth of the lake may
have varied from several to tens of metres.

The lake de pos its are fol lowed up wards by ei ther a sand-
 dom i nated flu vial chan nel or floodplain de pos its (Figs. 4 and 8).
The sand-dom i nated flu vial chan nel as so ci a tion (FA IV) con sists
of erosively-based, gen er ally fin ing-up units, 0.5 to 3.0 m thick,
com posed of hor i zon tally lam i nated (Sh), cross-bed ded (Sp and
St), and rip ple cross-lam i nated sand stones (Sr). The bod ies are
lat er ally lim ited and ap pear ir reg u larly, at least at four lev els
within the mid dle part of the Oravica River sec tion (Fig. 8). There
are ero sive basal con tacts of the flu vial chan nel-fills against
lithofacies Fm and Hs, which in di cates that the river cut into for -
mer lake de pos its as well as into floodplain fines. It is also prob a -

ble that rivers gen er ated low-den sity tur bid ity cur rents in the 
lake.

The most com mon fa cies as so ci a tion in the Oravica
River sec tion is that of the floodplain (FA V). It is gen er ally
com posed of mas sive siltstones (Fm), which con tain lo cal
in ter ca la tions of plane and rip ple cross-lam i nated sand -
stone (Sr). This fa cies as so ci a tion orig i nated in ex ten sive
overbank ar eas sub jected to fre quent flooding.

The low er most oc cur rence of the floodplain fa cies as -
so ci a tion in the Oravica River sec tion is up to 10 m thick
and re veals ev i dence of soil for ma tion (Figs. 4 and 8). The 
rhizoliths point to the pres ence of rooted ho ri zons, but no
ma ture palaeosols de vel oped at this stage. Other palae -
osol struc tures pres ent within this body, such as sid er ite
con cre tions and ce mented ho ri zons, are prob a bly re sults
of later pedogenesis re lated to ex ten sive plant veg e ta tion
and the phytogenic ac cu mu la tion of coals (C) and coaly
claystones (CCL). Floodplain de pos its con tinue into the
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T a  b l e  2  

Fa cies as so ci a tions and in ter preted depositional en vi ron ment

As so ci a tion Dom i nant
lithofacies

Mi nor
lithofacies Depositional en vi ron ment

FAI Gmm Fm col lu vium com posed 
of weath ered flysch rocks

FAII CL, Fl – off shore lake

FAIII Hs, Hf CL, Fl nearshore lake

FAIV
Sh, Sp, St,

Sr Fm sand-dom i nated flu vial chan nel

FAV Fm Sr floodplain

FAVI CCL Fm, CL,
C, L, T swamp

FAVII Gcm – gravel-dom i nated al lu vial fan



up per part of the Oravica River sec tion, but their thick ness does 
not ex ceed 4 m and sid er ite con cen tra tions are smaller.

Up wards in the sec tion, the silt-dom i nated floodplain de pos -
its are interbedded with al ter na tions of mas sive siltstone (litho -
facies Fm), thin, grey-blue clay (CL), coaly clay (CCL), and coal
(C), which are in ter preted as a swamp fa cies as so ci a tion (FA
VI; Fig. 8). This as so ci a tion re cords pe ri ods of de creased
overbank flood ing, which al lowed plant veg e ta tion to spread.
Coal oc curs in the up per part of the sec tion, where it is in places
interbedded with fresh-wa ter lime stone (L), which re flects the
tran si tion of a swamp into a short-lived lake. Phytogenic el e -
ments are rep re sented by the re mains of palaeosols and could
be ev i dence of an in land en vi ron ment. The tuffite layer pres ent
in the as so ci a tion FA VI (Figs. 4, 7C, D and 8) is un der lain by
coaly clays and pure clays, which points to the high lat eral di ver -
sity of en vi ron ments at the time of the pyroclastic event.

The floodplain and swamp fa cies as so ci a tions rep re sent al -
most half of the thick ness of the Oravica River sec tion. This in -
di cates that the bal ance be tween sed i men ta tion and sub si -
dence rates were sta ble for a long time. The con tin u ous sed i -
men tary re cord of as so ci a tions II–VI is cut by a re gional an gu lar 
un con formity (Figs. 4 and 8), at which the eroded fine-grained
Neo gene sub strate is over lain by polymict con glom er ates
(lithofacies Gcm), form ing the gravel-dom i nated al lu vial-fan fa -
cies as so ci a tion (FA VII). These con glom er ates form the top -
most el e ment in the ONT Ba sin suc ces sion within the sec tion
stud ied, and doc u ment a youn ger stage in the ba sin evo lu tion
that post dated up lift and ero sion of the un der ly ing fine clastic
de pos its at the cur rent south ern mar gin of the ba sin. They also
re flect the strong phys i cal weath er ing and ero sion of the Tatra
Block (in clud ing its crys tal line core) and Cen tral Carpathian
Paleogene Ba sin. Sim i lar con glom er ates crop ping out south of
the vil lage of Èimhová are con sid ered to be of Qua ter nary
(Riss) age and de rived from the Tatra Block and Cen tral
Carpathian Paleogene Ba sin (Gross et al., 1993a; Baumgart-
 Kotarba et al., 1996).

PALAEOCURRENT DIRECTIONS

The palaeocurrent data de rived from the nearshore-lake fa -
cies as so ci a tion and the over ly ing flu vial cross-bed ded chan nel
de pos its re veal a mod er ate scat ter around the av er age di rec -
tion to wards the SSW (mean 208°, stan dard de vi a tion 48°; Fig.
4). The re sults sug gest a com mon dis persal sys tem, link ing flu -
vial de liv ery with the lake that was fed from the NNE and deep -
ened to wards the SSW. The rel a tively high spread of cross-
 bed ding dip di rec tions may sup port the no tion of the me an der -
ing na ture of the flu vial chan nels.

SUMMARY OF ENVIRONMENTAL EVOLUTION

The Oravica River sec tion pro vides ev i dence of a dy namic
en vi ron ment. Ba sin ini ti a tion was ac com pa nied by the grav i ta -
tional col lapse of a weath ered flysch sub strate and was fol -
lowed by the de vel op ment of a lake. The lake depth may have
var ied from sev eral to tens of metres and was most likely of
con sid er able re gional ex tent. It was filled with very fine terrige -
nous ma te rial, de liv ered mainly by fluvially-gen er ated low-den -
sity tur bid ity cur rents. The mean palaeoflow was to wards the
SSW, which was prob a bly the di rec tion of the lake deep en ing.
The near est lac us trine shore line is ex pected to have been lo -
cated north-eastwards off the study area. The lake mar gin was
of clastic type, lo cally with stands of macrophytes, and with no
obvious evidence of wave activity. 

The lake evolved grad u ally into a muddy floodplain, crossed 
by me an der ing flu vial chan nels. The max i mum width of river
chan nels prob a bly did not ex ceed tens of metres. Ephem eral
palaeosols de vel oped be tween flood ing events. A vol ca nic
event pro ceed ing in three pulses re sulted in an ash fall, which
cov ered a sparsely veg e tated and lo cally marshy floodplain.
The post-vol ca nic evo lu tion of the al lu vial plain is char ac ter ized
by the de vel op ment of swamps and lo cal coal for ma tion. The
Neo gene sed i men ta tion ended by tilt ing, fol lowed by the em -
place ment of Qua ter nary al lu vial fans, re flect ing a high palaeo -
relief and strong phys i cal weath er ing in the Central Carpathian
Paleogene Basin and Tatra Block units.

DISCUSSION

The in ter pre ta tion pre sented by Watycha (1976, 1977) as -
sumes that the ONT Ba sin fill is com posed of cy cli cally or ga -
nized lens-shaped se quences up to 20 m thick. The full se -
quence is com posed, in as cend ing or der, of con glom er ates,
con glom er ates interbedded with sand stones, nor mally-graded
sand stones in ter ca lated with siltstones rich in plant de tri tus,
lam i nated siltstones with claystone ad mix ture, and fi nally pure
claystones. Ac cord ing to this au thor, con glom er ate beds are
com mon near the ba sin mar gin, whereas its cen tral part con -
sists mainly of fine-grained de pos its.

Such a pat tern does not fit the Neo gene strata in the
Oravica River sec tion. Al though the study area is lo cated at the
ba sin mar gin, con glom er ates are ab sent up to the hi a tus level
(ex cept the basal brec cias Gmm of de bris flow or i gin). More -
over, much of the sec tion re veals lac us trine claystones that
coarsen up wards through a turbidite-bear ing heterolithic in ter -
val into flu vial de pos its, which to gether im plies a grad ual fill ing
of the lake. The over ly ing al ter na tion of the fa cies as so ci a tions
IV, V, and VI ap pears to re flect largely autocyclic mech a nisms
of al lu vial-plain for ma tion, su per im posed on re gional tec tonic
sub si dence. It needs to be stressed that the trac ing of Waty -
cha’s (1976, 1977) lithostratigraphic units into the Oravica River 
sec tion meets dif fi cul ties due to the poor pres er va tion of mol -
lusc shells, which are the ba sis for his stra tig ra phy.

The na ture of the bor ders of the ONT Ba sin has been widely 
dis cussed (e.g., Baumgart-Kotarba, 1996; Pomianowski, 2003;
Struska, 2008; Tokarski et al., 2012), be cause their char ac ter is
an im por tant pre req ui site to prop erly in ter pret the gen e sis and
struc tural evo lu tion of the ba sin. Its rhomboidal shape sug gests
that it orig i nated as a pull-apart ba sin, or above some type of
fault-re leas ing bend, but the lo ca tion of the mas ter strike-slip
fault zone has been var i ously in ter preted. The Oravica River
sec tion pro vides some new, im por tant data on this prob lem.
The pres ence of the lake with off shore fine-grained sed i men ta -
tion needs a de pres sion sev eral kilo metres wide. The max i mum 
lake ex tent is im pos si ble to es ti mate, al though the SSW-ly
palaeoflow sug gests that it spread more to the south. The
Oravica River sec tion also lacks mar ginal fa cies typ i cal of
fault-bounded bas ins (Birkenmajer, 1954; Watycha, 1976),
such as al lu vial fan con glom er ates. The top most con glom er ate
(lithofacies Gcm) is prob a bly of Qua ter nary age (Baumgart-
 Kotarba et al., 1996) and hence can not be linked to the early
stage of ba sin for ma tion. 

All these pre mises sug gest that the ba sin orig i nally ex -
tended far ther to wards the south. More over, the high coal al ter -
ation de gree and the deep burial of the ba sin fill (Nagy et al.,
1996) suits the hy poth e sis that the Neo gene ONT Ba sin was
wider than it is at pres ent. If the ba sin orig i nated as a fault-
 bounded graben, its mar ginal fault zone would have to be lo -
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cated far ther to the south. It fol lows from the above that tec tonic
struc tures ob served at the south ern bor der, such as the nor mal
fault ex posed in the Czarny Dunajec River (Tokarski et al.,
2012), can be re lated to an ep i sode of up lift and ero sion that af -
fected the south ern part of the ba sin fill and re sulted in the an -
gu lar un con formity be low the Qua ter nary con glom er ate. Such
an in ter pre ta tion fits well with the ba sin evo lu tion model pre -
sented by Tokarski et al. (2012). 

The other struc tural as pect of the Oravica River sec tion is
bed ding tilted at ca. 20° to the north. Be cause Neo gene de pos -
its over lie the flysch base ment it is prob a ble that tilt ing in volved
the base ment rocks and was re gional in scale. Tilt ing and ero -
sion can ex plain the lin ear char ac ter of the pres ent-day ONT
Ba sin mar gins. The grav ity model of sec tion G2 cross ing our
study area shows the ba sin floor in clined at an av er age an gle of 
19° to wards the north (Pomianowski, 2003). This dip has been
in ter preted in terms of a se ries of nor mal faults, dis plac ing and
ro tat ing the orig i nally hor i zon tal base of the ba sin fill (Pomia -
nowski, 2003). In our opin ion, a tilted ba sin floor is also a vi a ble
ex pla na tion, which cor re sponds well to the struc tural dip mea -
sured in the Oravica River sec tion.

The con cept of a larger south ward ex tent of the ba sin at the
time of sed i men ta tion and a later north ward tilt raises the ques -
tion of a depocenter mi gra tion. Al though the data is in suf fi cient,
we hy poth e size that the sed i men ta tion be gan south wards off
the pres ent-day deep est point of the ba sin and spread grad u -
ally to the north. Such a north wards-ad vanc ing depocenter
would also be con sis tent with the in ter pre ta tions pro posed,
among oth ers, by Watycha (1976), Baumgart-Kotarba (2001)
and Tokarski et al. (2012).

A ma rine in flu ence on de po si tion in the ONT Ba sin was
widely dis cussed (e.g., Birkenmajer, 1954), based on the pres -
ence of Early Mio cene de pos its con tain ing ma rine foraminifera
and ostracods. How ever, Cieszkowski (1995) in ter preted these
de pos its as be long ing struc tur ally to the Magura Unit. The pres -
ence of mixed ma rine microfossils of Cre ta ceous to Lower Mio -
cene age within the ONT Ba sin could have been the re sult of
redeposition (un pub lished re port of Garecka and Szyd³o,
2013). The range of depositional set tings doc u mented in the

Oravica River sec tion, to gether with the abun dance of wood
frag ments, points clearly to the non-ma rine or i gin of the ba sin fill 
in this area. This is fur ther sup ported by the sphe roi dal tex tures
of sid er ite con cre tions, be cause such tex tures ap pear nei ther in 
fully ma rine, nor in brack ish-wa ter en vi ron ments (Bojanowski
and Clark son, 2012).

CONCLUSIONS

The in ves ti ga tions con ducted in the Oravica River sec tion
re sulted in the fol low ing con clu sions con cern ing this part of the
ONT Basin:

– The Oravica River sec tion re veals the basal part of the
ONT Ba sin fill.

– The palaeoenvironment evolved from a weath er ing
flysch sur face with de bris flows, fol lowed by a fresh-wa -
ter lake, rivers, and then re pet i tively flooded overbanks
with swamps. This en vi ron ment was dis turbed by vol ca -
nic ash fall events.

– Palaeotransport di rec tion was to the SSW and re cords
the pro cess of lake fill ing fed by rivers.

– The ONT Ba sin spread more to the south and the cur -
rent ba sin ex tent may be ero sional.

– The Oravica River sec tion doc u ments struc tural in ver -
sion, from sub si dence and de po si tion to up lift, tilt, and
ero sion of the fine-clastic Neo gene body. This was fol -
lowed by the de po si tion of con glom er ates, with ma te rial
from the Tatra Block and CCPB eroded un der strong
phys i cal weath er ing con di tions.

– Con sid er able ther mal/bio chem i cal pro cesses were in -
volved dur ing coal diagenesis.
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