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The Orava-Nowy Targ Basin is an intramontane depression located at the border of the Inner and Outer Carpathians. It is
filled mostly with fine-grained terrestrial and fresh-water deposits of Neogene and Quaternary age, which record the struc-
tural evolution and denudation processes of the surrounding regions: Orava, Podhale, and the Tatra Mts. The Orava-Nowy
Targ Basin fill was studied in the Oravica River section, which reveals 90 m thick Neogene deposits and allows observation
of their lateral diversity. Fifteen lithofacies and seven facies associations distinguished here document the depositional evo-
lution of the basin fill, starting from hill-slope debris flow through silt turbidite-bearing lake, to flood-dominated fluvial plain,
swamp and alluvial fan deposits, as well as a pyroclastic event. The palaeorelief was low during deposition and the
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Orava-Nowy Targ Basin could have spread significantly more to the south.
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INTRODUCTION

The Orava-Nowy Targ Basin (ONT Basin) is an intra-
montane basin straddling the junction between the Western
Central and Outer Carpathians (Fig. 1A). The basin formation
and the process of basin filling took place in Neogene and Qua-
ternary, and was controlled by regional tectonic events, mainly
strike-slip faulting and vertical movements of units underlying
the basin. This makes the basin infill an excellent record to
study the structural evolution of the adjacent areas, which in-
clude Orava, Podhale, the Tatra, Pieniny, and Beskid Zywiecki
Mts., and the Orava-Nowy Targ depression (Fig. 2B). This evo-
lution formed the present-day pattern of the main structural
units represented by the Magura Unit, Pieniny Klippen Belt,
Podhale Synclinorium and Tatra Block.

In the Early Miocene, the sedimentation of deposits belong-
ing to the Magura Unit and Podhale Synclinorium generally
stopped and was followed by uplift. At this time, thrusting and
folding within the northern part of the Magura Unit was in prog-
ress and continued to spread southwards. During the
Early/Middle Miocene the Podhale Synclinorium was folded
and the tectonic contacts between the Magura Unit, Pieniny
Klippen Belt, and Podhale Synclinorium were formed. The sedi-
mentation of the ONT Basin could have started in the Middle or
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Late Miocene (Oszast and Stuchlik, 1977) upon the weathered
and eroded surface of these three units.

During the Late Neogene and Quaternary, the tectonic sub-
sidence of the ONT Basin continued (L.¢j et al., 2009), while ad-
jacent areas were generally uplifted (Watycha, 1977). This re-
sulted in the partial erosion of the Magura Unit, Pieniny Klippen
Belt, and Podhale Synclinorium, which all supplied clastic mate-
rial to the ONT Basin (Tokarski et al., 2012). The clast charac-
teristics (e.g., grain size, lithology), the type of sedimentary en-
vironment, and palaeotransport directions allow palaeorelief in-
terpretations and reveal which units were eroded at that time.
Such analysis can be applied to the ONT Basin to trace the
structural evolution of the basin itself, as well as the process of
uplift and erosion of the Magura Unit, Pieniny Klippen Belt,
Podhale Synclinorium, and Tatra Block.

Although the Tatra Block could have already been uplifted in
the Neogene (Smigielski et al., 2011), the material derived from
the Tatra Block is encountered only within the uppermost part of
the ONT Basin, which is considered to be Quaternary (Waty-
cha, 1977; Baumgart-Kotarba et al., 1996; Tokarski et al.,
2012). This may reflect either a large thickness of the now
non-existent Paleogene/Neogene overburden of the Tatra
Massif, or the existence of a barrier separating the Tatra area
from the ONT Basin (Watycha, 1977), or point to the type of
weathering and transportation that resulted in fine clastic deliv-
ery only.

The main aim of the paper is to reconstruct the main sedi-
mentary environments for the ONT basin in the Neogene,
based on detailed sedimentological studies in the Oravica River
section (Figs. 2-4).
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Fig. 1. Schematic tectonic map of the northern part of the Central Western Carpathians (A),
showing the location of the study area (B) (after Lexa et al., 2000; modified)

GEOLOGICAL SETTING

The ONT Basin overlies three older units: the Magura
Nappe, Pieniny Klippen Belt (PKB), and Podhale Synclinorium
(Fig. 1B). The PKB is a narrow, long, and strongly tectonized
structure comprising several successions of Early Jurassic-Pale-
ogene rocks represented by limestones, marls, claystones,
calcarenites, and conglomerates (e.g., Andrusov, 1938; Birken-
majer, 1960). The Magura Nappe succession is Albian/Ceno-
manian—Miocene in age and consists predominantly of grey-
wackes, quartz and arkosic sandstones, claystones, siltstones,
and marls (Birkenmajer and Oszczypko, 1989; Cieszkowski et
al., 1989; Cieszkowski, 1995; Malata et al., 1996).

The ONT Basin is underlain in the study area by the
Podhale Synclinorium (Fig. 2C), which is generally built up of
sandstones, calcareous claystones, shales, and rare conglom-
erates, which comprise the Lutetian-Bartonian to Egerian sedi-
mentary fill of the Central Carpathian Paleogene Basin (CCPB)
(Gross et al., 1993a; Olszewska and Wieczorek, 1998; Sotak,
1998a, b; Garecka, 2005). The synclinorium is asymmetrical
with the main parallel tectonic zones elongated in an E-W di-
rection (Mastella, 1975; Ludwiniak, 2010). The study area is lo-
cated near the northern margin of this unit (Figs. 1 and 2C),
where the underlying flysch rocks dip 45-50° to the south.

The generally E-W elongated ONT Basin is divided into two
main parts: eastern, called the Nowy Targ Basin, and western,
referred to as the Orava Basin. The western part is up to
1300 m deep (Watycha, 1977), 14 km wide, and rhomboidal in
shape. The genesis of the Orava Basin 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 authors agree that a strike-slip mechanism was
involved. During the Late Oligocene—Miocene, the Western
Carpathians structure was affected by the formation of regional
fault systems (Kovac and Hok, 1993; Kovac et al., 1998). It is
possible that the formation of faults bounding the ONT Basin is
related to the activity of the inferred Myjava Fault (Janku et al.,
1984; Pospisil et al., 1986; Pospisil, 1990).

The Neogene strata within this part of the ONT Basin are
moderately tectonically disturbed within a few zones, including

the Cimhova region. The dips of beds are mainly subhorizontal,
but increase up to 25° at the basin margin (dip direction is
basinwards). The fracture network is the most distinct structural
feature in the Neogene strata (Tokarski and Zuchiewicz 1998;
Kukulak, 1999), whereas faults, predominantly normal in char-
acter, are rarely noticed.

The ONT Basin opened above a meso-Alpine consolidated
basement which underwent weathering and erosion (Cieszko-
wski, 1995; Swierczewska, 2005). The onset of sedimentation
is variously estimated to be Karpatian/Badenian (Nagy, 1993),
Badenian (Oszast and Stuchlik, 1977), Late Badenian or
Sarmatian (Cieszkowski, 1995), or Sarmatian in age (Nagy et
al., 1996), and the age of the basin fill itself is equally poorly con-
strained. An angular unconformity dissects the upper part of the
ONT Basin infill, but the age of tilting and associated erosion is
still under discussion (Baumgart-Kotarba et al., 1996; Tokarski
et al., 2012). Active sedimentation within the basin continues to
the present-day.

The ONT Basin infill consists predominantly of fine clastic
deposits represented by claystones, coaly claystones, clayey
siltstones, and sandstones, whereas conglomerates are pres-
ent in minor quantities (Watycha, 1977). Clay mineral studies
revealed the presence of beidellite, chlorite, and illite (Wiewiora
and Wyrwicki, 1980). There are also intercalations of brown
coal (Kotcon and Wagner, 1991; Nagy et al., 1996) and tuffite
(Sikora and Wieser, 1974; Westwalewicz-Mogilska, 1974). The
basin fill has been interpreted in terms of fresh-water and terres-
trial deposition, with the marginal, conglomeratic alluvial fans
merging basinwards with fine clastic deposits (Watycha, 1976).
Although there was discussion about the presence of Lower
Miocene marine deposits in the ONT Basin (Birkenmajer,
1954), they have been finally reinterpreted as belonging to the
uppermost part of the Magura Unit (Cieszkowski, 1995). So far,
no detailed sedimentological papers have been published from
the area, except for studies devoted to conglomerates inter-
preted as laid down in alluvial fan and fluvial environments
(Plewa, 1969; Baumgart-Kotarba et al., 1996; Kukulak, 1998;
Tokarski et al., 2012). Clastic material was generally derived
from the CCPB and Magura Unit, and subordinately from the
PKB. Detritus of Tatra Mts. provenance occurs only within the
uppermost part of the ONT Basin fill.
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Fig. 2. Topography (A), present-day terrain morphology (B) and geological context
of the Oravica River section (C)

Geological map compilation based on Lexa et al. (2000) and Gross et al. (1993b);
map location is shown in Figure 1B

STUDY AREA

The Oravica River section is located at the present southern
border of the ONT Basin. At the study area, near the Slovak vil-
lage Cimhova, the Oravica River crosses the contact between
the Central Carpathian Paleogene Basin (CCPB) and Neogene
deposits of the ONT Basin (Fig. 2C). The whole river valley is
>0.5 km wide, and the river channel is only several metres wide.
Within the section discussed the river cuts into its former ter-

races and into the surrounding terrain, which is up to 15 m
above the water level. Natural exposures of the Neogene strata
are located in the river bed, cut banks, and slide scars.

The Oravica River section extends between two points where
the Oravica River crosses the CCPB/ONT Basin contacts
(N49.36520, E19.70532 and N49.36514 E19.69593; Fig. 3).

Assuming that the lowermost deposit of the Oravica River
section comprises the basal part of the ONT Basin fill, it is prob-
ably of Badenian (Oszast and Stuchlik, 1977) or Sarmatian age
(Nagy et al., 1996).
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Fig. 3. Situation sketch of the Oravica River section, showing outcrops of Neogene (Ng) and Paleogene (Pg) rocks,
and structural elements of the section

METHODS

Standard field sedimentological logging was applied to all ex-
posures within the area discussed. Lithology, grain size, sedi-
mentary structures, diagenetic structures, fossils, and bed thick-
nesses were recorded. Moreover, structural features such as
bedding, fractures, and faults were measured to allow better bed
correlations. Fieldwork was conducted in the years 2011-2013.

The repetitive set of sedimentary features mentioned above
allows one to distinguish fourteen lithofacies, based on the
methodology proposed by Reading (1996) and Miall (2000,
2006). Local conditions of deposition were interpreted for each
lithofacies. Co-occurring lithofacies were grouped into seven fa-
cies associations and interpreted in terms of sedimentary envi-
ronments. Facies associations were correlated across the out-
crop area. Palaeoflow data comprise cross-stratum dip direc-
tions derived from cross-bedded sandstones (11 readings) and
ripple cross-lamination measured on oriented samples (41 rea-
dings), with an accuracy of ca. £15°.

RESULTS

STRUCTURAL ASPECTS
OF THE ORAVICA RIVER SECTION

The Oravica River and its small tributaries cut into the Neo-
gene rocks, resulting in many exposures scattered within a 500 x
160 m area, elongated in an E-W direction. The mean bedding
orientation is 005°/20° (35 measurements, standard deviations
for dip direction and dip angle are 23° and 4°, respectively). The
Oravica River section allows documentation of a 90 m thick sedi-
mentary log (Fig. 4) and its 500 m wide lateral diversity.

Rocks in the Oravica River section are moderately tectoni-
cally disturbed (Fig. 3), which is significant in terms of the whole
ONT Basin. Two types of fracture were identified: 1 — regular,
vertical, and NE-SW trending (see Fig. 7F); 2 —irregular, curved,
near-vertical, and trending in various directions. Fracture distri-

bution varies strongly within the section, which probably demon-
strates a high diversity of rock mechanical properties related to
their lithology. Faulting affects many parts of the section and was
taken into account when doing bed correlation (Fig. 3). Fault sur-
faces are generally straight and accompanied by thin (several
millimetre) clay-smear zones. Slickenside striations (Fig. 7H) are
rare and no drag folding was observed. Most faults are small-
scale (throw <0.1 m; Fig. 7G) and can be missed if bedding is in-
distinct. Large-scale faults (throw >0.5 m; Fig. 71) can be easily
spotted due to contrasts in rock colour, or the presence of dis-
placed coal layers. Fault planes are generally steep (dip is
around 45-80°), with the observed hanging-walls displaced
downwards, so all faults were interpreted as normal faults.

Large-scale faults were grouped into four fault zones:
F1-F4 (Fig. 3). They divide the outcrop into four areas and each
of them represents a continuous part of the Oravica River sedi-
mentary section. The area west of F1 represents the lowermost
part of the section. The area between F1 and F3 also repre-
sents some lowermost part, but the exact position is uncertain.
The area between F3 and F4 represents the middle and upper-
most part, and the area east of F4 represents the lowermost
and middle part of the section.

A tuffite layer occurs in the middle of the Oravica River sec-
tion and provides an excellent stratigraphic marker across the
study area (Figs. 3 and 8). The tuffite has a constant thickness
(ca. 40 cm) and displays a characteristic tripartition in its internal
structure (Fig. 7C), so it can be confidently traced in the field.
The tuffite is easily accessible and was observed at six separate
places, which points to the absence of any major faults between
the known tuffite exposures (between fault zones F3 and F4;
see Fig. 3).

LITHOFACIES

Fifteen lithofacies were distinguished in the Oravica River
section (Table 1).

Matrix-supported monomict disorganized breccia (Fig.
5A, B) consists of flysch sandstone and mudstone clasts (up to
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Fig. 4. Synthetic sedimentary log for the Oravica River section, showing lithology, lithofacies, facies associations,
sedimentary and diagenetic structures, and palaeocurrent directions

0.4 m across) set in an abundant muddy matrix. Clasts are very
poorly sorted, weathered, often fractured, and angular in shape.
Contacts between the clasts and the matrix are obscured by a
similarity in colour and the low mechanical strength of the
clasts. No sedimentary structures were found. Such structu-
reless, matrix-supported breccia can be interpreted as the re-
sult of deposition from a cohesive, clay-rich debris flow (Miall,
2006). Any tectonic origin of the breccia is discarded here be-
cause of the absence of slip structures. This lithofacies was ob-
served only at the base of the Oravica River section, where the
breccia bed is around 2 m thick.

Clast-supported polymict conglomerate (Fig. 5C, D)
shows interstices between clasts filled with unsorted sand and

mud. The gravel fraction is moderately sorted and consists of
pebble- to cobble-sized clasts, up to 20 cm in size, which are
subrounded and rarely imbricated. The conglomerate occurs
only at the top of the Oravica River section, where it is 5 m thick
and underlain by an angular unconformity.

The clast composition of the conglomerate (count of 100
clasts; Fig. 4) shows a heterogeneous mixture of rocks derived
from the Podhale flysch and Tatra Mountains (including their
crystalline core), which is typical only of conglomerates from the
uppermost part of the ONT Basin fill. Tokarski et al. (2012) per-
formed a study of clast composition of a similar conglomerate
bed in a nearby outcrop. Their results show a much higher pro-
portion of rocks derived from the Podhale flysch relative to
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Table 1
Lithofacies distinguished in the Oravica River section, with their key features and interpretation
(for details see text)
Facciies Lithofacies Description Depositional mechanism
code
matrix-supported, up to 2 m thick; composed of weathered, fractured,
Gmm monomict, angular clasts of flysch sandstone and mudstone cohesive, clay-rich debris flow
disorganized breccia with a muddy matrix
| g upto5m thickt; di?grga‘rc;z?ld, rﬁre imdbrticated(iléa;t)s; clast
clast-supporte compositon (Fig. 4): flysch sandstones o), : N
Gem polymict conglomerate other sandstones (11%), limestones (18%), low sediment concentration flow
quartzites (18%), gneisses (4%), granitoids (3%)
horizontally laminated | beds up to 3 m thick; fine- and medium-grained, well-sorted sand- | plane-bed transport by tractional
Sh sandstone stone; very common plant detritus; rare muddy intraclasts currents in upper flow regime
planar cross-bedded beds up to 1 m thick; fine- and medium-grained, well-sorted 2D dune transport in upper range
Sp sandstone sandstone; very common plant detritus; rare muddy intraclasts of lower flow regime
trough cross-bedded beds up to 1 m thick; fine- to coarse-grained; 3D dune transport in upper range
St sandstone occasionally filling erosional scours of lower flow regime
Sr ripplesczzarr(])gg&l)anrginated beds up to 5 cm thick; fine-grained sandstone ripple trﬁ)wgfﬁtow Irg\évitirr]éange of
sandstone-dominated cyclically organized units up to 2 m thick, of normally graded fine
Hs S ) sandstones, siltstones, and very rarely claystones; low-density turbidity currents
heterolithic deposit small scale (up to 10 cm) Bouma sequences Th—e y y
siltstone-dominated cyclically organized units up to 2 m thick, of normally graded
Hf Shi f siltstones with rare interbeds of claystones; small-scale low-density turbidity currents
heterolithic deposit (up to 4 cm) Bouma sequences Tc—e; pillar and dish structures Y Y
: : beds up to 3 m thick; siltstone and clayey siltstone; weak current-driven fallout
Fi laminated siltstone laminae ca. 1 cm thick; seen as gradual colour changes of hemipelagic suspension
beds up to 4 m thick; siltstone and clayey siltstone; generall ;
massive, locally horizontal lamination and ripple cross- aminatl)gn; infmgg;%és erxé%rll_fg&?rg;ts.
Fm massive siltstone grey-blue or red; rare muddy intraclasts, mollusc shell occasionglll edogenic
detritus and plant matter; siderite concretions, siderite rocgsges g
horizons, and pedogenic structures in places P
CL massive claystone beds 0.1-8.0m thicléém%srsei)\l/ec)ﬁ%'[g;?gmleaminated claystone, deposition from suspension
beds up to 20 cm thick of black claystones rich in dispersed phytogenic accumulation affected
CCL coaly claystone coalified plant matter by fine clastic supply
c coal beds up to 30 cm thith?:it?lgcghcir?ﬁlé massive or laminated, phytogenic accumulation
approx. 40 cm thick layer comprised of 3 amalgamated cycles,
T tuffite each grading upwards from thick siltstone to thin claystone; white volcanic ashfall
or yellow; green when wet
: up to 30 cm thick bed of calcitic rock; massive to laminated, : : : T
L limestone abundant mollusc shells; overlying coal authigenic calcite precipitation

those from the Tatra Mts., while the relative share of various
lithologies supplied from the Tatra Mts. is similar. The clast-sup-
ported polymict conglomerate is interpreted as a result of bed-
load transport in turbulent water flow typical of rivers. Only the
coarsest clasts undergo deposition in mainstream flow, while
finer clasts infiltrate the space between, in lower velocity flow.
Horizontally laminated sandstone consists of well-sorted,
fine- and medium-grained sandstones. Laminae are delineated
by concentrations of plant detritus and accentuated by mechani-
cal weathering (Fig. 5F). The sandstone Sh often consists of
rounded muddy intraclasts up to 1 cm across. Beds of this facies
are up to 3 m thick and occur as single, non-amalgamated bod-
ies within fine-grained and heterolithic lithologies. The invariabil-
ity of grain-size and type of bedform demonstrates stable condi-
tions of flow during plane-bed transport and sedimentation.
Planar cross-bedded sandstone comprises also well-
sorted, fine- and medium-grained sandstones, but shows angu-
lar and tangential cross-stratification. Individual cross-sets, up to
0.4 m thick, are stacked vertically to form cosets up to 1 m thick
(Fig. 5E), which are separated by either erosional boundaries or
plane parallel laminasets. The Sp lithofacies is interpreted as
river bedload deposits emplaced within 2D dunes. The occur-
rences of the planar cross-stratified sandstones are limited later-

ally within the Oravica River outcrop (elongated in an E-W direc-
tion), so they are probably channel infills.

Trough cross-bedded sandstone (Fig. 5E) is similar to
planar cross-bedded sandstone (Sp) and differs from the latter
in the presence of concave-up basal scours. Beds are upto 1 m
thick, show upwards fining in the grain-size from coarse to fine
sand, and consists of stacked cross-sets, up to 0.5 m thick. This
facies is interpreted as a river bedload deposit emplaced within
3D dunes.

Ripple cross-laminated sandstone occurs in thin beds
(up to 5 cm), which show small-scale (up to 1 cm) cross-lamina-
tion. Climbing ripples occur sporadically. This lithofacies is a re-
sult of lower flow regime deposition, sometimes with a high rate
of clastic material supply.

Sandstone-dominated heterolithic deposit represents
vertical stacks (beds up to 2 m thick) of Bouma sequences (divi-
sions Tb—e, up to 10 cm thick; Fig. 5G, H). The dominating grain
size for Tb—d is from fine sand to silt. The Bouma Te division
can be siltstone or claystone, up to 4 cm thick, which was occa-
sionally scoured at the top by the next cycle flow (Fig. 6A).
Sandstone soles are erosional or show load structures (Fig.
6B). The admixture of plant detritus is common within the sand-
stone part of the Hs facies. We see two mechanisms that can
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Fig. 5. Coarse-grained lithofacies of the Oravica River section

A — matrix-supported monomict breccia (lithofacies Gmm) underlying fine clastic deposits (lithofacies
Fm.); B — the same breccia consisting of angular and strongly weathered flysch clasts of diversified size
(up to 40 cm); C — clast-supported polymict conglomerate (lithofacies Gem) discordantly overlying fine
clastic deposits (lithofacies Fm and CCL); D — the same conglomerate shows disorganized, or rarely
imbricated structure; E — thick-bedded sandstones with horizontal lamination (Sh), planar cross-bedding
(Sp) and trough cross-bedding (St), alternating with bluish massive siltstone (Fm); F — planar cross-bed-
ded sandstone (Sp) and horizontally laminated sandstone (Sh) showing stratification marked by black
wood detritus and grey mud intraclasts (marked by arrows); G — Bouma sequence in cyclic heterolithic
sand-dominated deposits (Hs): Tb — parallel-laminated sandstone, Tc — cross-laminated sandstone, Td —
laminated siltstone, Te — massive siltstone and/or claystone; H — top surface of thin cross-laminated
sandstone bed (Hs) covered by sinusoidal ripples; transport direction shown by arrow
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Fig. 6. Fine-grained lithofacies of the Oravica River section

A — soft-sediment disturbances at the claystone/sandstone boundary (marked by triangles); B — load-
casted base of sandstone, showing flame and ball-and-pillow structures within sand-dominated heterolithic
deposits (Hs); C — fine ripple cross-lamination and horizontal lamination within heterolithic silt-dominated
deposits (Hf); D — load cast structure within siltstone (Hf); E — subtly laminated siltstones (Fl); F — massive
siltstone bed (Fm), over 3 m thick; G — coal (C) bed within claystones (CL) and coaly claystones (CCL) con-
taining also thin intercalations of limestone (L); H — coal bed (C) breaking-up into small, shiny pieces

explain the cyclic character of deposition: low-density current
deposition in a body of standing water, or cyclic flooding of river
overbanks.

Siltstone-dominated heterolithic deposit (Fig. 6C) rep-
resents a vertical stack of Bouma sequences (divisions Tc—e)
consisting of siltstones and claystones. Beds are up to 2 m
thick. Sequences Tc—d are up to 4 cm thick, and Te can be tens

of centimetres thick. Individual load cast structures were ob-
served at the bottom of these sequences (Fig. 6D). The litho-
facies Hf lacks plant detritus. It has a unique two-colour sche-
me, i.e., the ripple-laminated division is light grey and the hori-
zontal-laminated division is dark grey. This property makes
lithofacies Hf easily distinguishable from lithofacies Hs, Fl, and
Fm, which are generally grey or yellow. Sedimentary structures
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Fig. 7. Sedimentary, diagenetic and tectonic features of the Oravica River section

A —siderite concretion with septaria; B — unidentified gray small-scale concretions; C — stratified tuffite layer (T), 40 cm thick,
composed of three, amalgamated siltstone-claystone couplets; note the coaly claystone squeezed-up into small-scale fault;
D - the same tuffite layer that is dissected by vertical injections of underlying coaly claystone; E — coaly claystone (CCL),
showing abundant leaves and plant detritus; F — regular fractures; G — small-scale normal fault within coaly claystones
(CCL); H —slickenside striations (marked by triangles) at a normal fault F1 (see Fig. 3) surface; | — normal fault F2 (see Fig. 3)
at the contact of two silty lithofacies: Fl and Fm
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Fig. 8. Correlation scheme showing relationships between the facies associations distinguished in the Oravica River section

are very delicate and show no other disturbances, such as
bioturbation or current erosion. Probably the same low-density
current mechanism was responsible for cyclicity as for litho-
facies Hs.

Laminated siltstone (Fig. 6E) consists of monotonous
beds, up to 3 m thick, of clayey siltstone that is laminated and lo-
cally massive. Lamination is inferred from small changes of col-
our tone and the presence of partings along bedding planes.
The lamina thickness varies from 2 to 20 mm. Siltstones FI (like
lithofacies Hf) lack plant detritus, except for one small piece of
drifted wood. The structure of siltstone Fl is undisturbed. The
deposition mechanism is interpreted as suspension fallout. The
lamination can be the result of successive pulses of weak cur-
rents carrying silty material.

Massive siltstone is the most common lithotype in the
Oravica River section (Fig. 6F). It occurs in beds, up to 4 m
thick, of siltstone and clayey siltstone, which generally lack any
visible sedimentary structures. However, crude horizontal- and
ripple cross-lamination is locally discernible due to subtle colour
variations. In places, normal or inverse grading between silt-
stone (Fm) and claystone (CL) can be observed. The massive
siltstone typically displays a grey-blue colour, which becomes
red if it undergoes oxidation. The Fm lithofacies is locally rich in
siderite concretions, with spheroidal cement textures indicative
of a fresh-water environment (Fig. 7A), cemented horizons, and
palaeosol calcitic structures (Fig. 7B). Concretion horizons gen-
erally follow bedding planes, which are tectonically tilted in the
Oravica River section.

The thick beds accompanied by the absence of traces of
erosion indicates continuous sedimentation. The massive stru-
cture may reflect rapid deposition from suspension during peri-
ods of high clastic material supply, e.g. flooding, although
strong bioturbation cannot be entirely ruled out. The variety of

diagenetic structures superimposed on the massive siltstone in-
dicates that this facies underwent soil processes, but was inter-
rupted by periodic clastic delivery thus preventing any full devel-
opment of palaeosol zones. Nevertheless, the presence of sid-
erite and calcitic structures allows for interpretation of these
palaeosols as moderately developed (Retallack, 1988). This
type of diagenetic structure is absent from other silt-rich litho-
facies (Fl and Hf).

Massive claystone comprises 0.1-8.0 m thick beds of dark
grey to grey-blue claystone, showing locally small admixtures of
silt. This facies lacks sedimentary structures, although it may in
places contain plant fossils aligned parallel to the bedding
planes. Well-preserved leaves are scattered within the
comminuted plant detritus. Thicker beds (up to 8 m) occur
within the lowermost part of the Oravica River section and sug-
gest long periods of slow suspension settling. They lack plant
fossils and their mostly dark grey colour may reflect the pres-
ence of dispersed, unoxidized organic matter. Massive clay-
stone beds present within the upper part of the section beds are
thinner (up to 1 m), contain laminae rich in plant detritus, and
are generally grey-blue (Fig. 6G).

Coaly claystone (Figs. 6G and 7C-E, G) comprises thin
(up to 20 cm) claystone beds abounding in plant detritus, con-
centrated in dark grey to black laminae. Plant remains are
mainly fine unidentifiable detritus, leaves, and rarely wood frag-
ments. This facies originated in an environment which was
abundant in water and subjected to a periodic supply of terrige-
nous matter, and associated with significant vegetation in the
neighbourhood, such as an oxbow lake or riverbank strongly in-
fluenced by flooding.

Coal (Fig. 6G, H) occurs in black lithified beds (5-30 cm
thick) of phytogenic deposits. No plant remains can be identified
macroscopically. The coal displays a massive to stratified struc-
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ture and tends to break into small brick-like pieces (Fig. 6H). The
fracture surfaces are often shiny. These macroscopic features
suggest that the coal underwent considerable burial (at the Ustie
nad Priehradou site it is estimated to be 1150 m; Nagy et al.,
1996) or strong microbiological processes. The coal beds locally
contain very thin intercalations of limestone (lithofacies L; Fig.
6G). The presence of coals can be related to strongly developed
palaeosols (Retallack, 1988), or phytogenic accumulation in
swamps.

Tuffite forms one layer (up to 40 cm thick) composed of
three similar vertically amalgamated beds (Fig. 7C). Each bed
shows normal grading from thick siltstone (up to 20 cm) to thin
(up to 2 cm) claystone. The colour of the layer is white or yellow,
although it becomes greenish when it is wet. This lithofacies is
much more lithified, more porous, and accordingly less dense
than any other siltstone and claystone lithofacies. The siltstone
member of the layer mainly contains weathered, unidentified
clasts, which altered into clay minerals and angular quartz
grains. A variety of vertical structures cuts the layer. They may
represent injections of underlying clays (CL) and coaly clays
(CCL) into fractures (Fig. 7C), or vertical holes left by the buried
stems of plants (Fig. 7D). Although no typical pyroclastic mate-
rial has been macroscopically recognized, the overall charac-
teristics of this facies are consistent with an ash fall.

Limestone (Fig. 6G) is predominantly composed of authi-
genic microspar and spar calcite, and abounds in shell detritus
— mainly molluscs. Organic matter is dispersed, or present as
plant remains. The limestone exhibits large intercrystalline and
intrashell porosities. It is grey, but turns pale-yellow on weath-
ered surfaces. The limestone occurs as an up to 30 cm thick
bed overlying coal. It seems that in this lithofacies calcium car-
bonate shells have been much better preserved than in other
lithofacies. Considering the abundance of well-preserved mol-
lusc shells, the limestone bed could have been deposited in a
small ephemeral lake.

FACIES ASSOCIATIONS

The lithofacies were grouped into seven facies associations
(FA) representing distinct depositional environments. The as-
sociations comprise Table 2.

The Oravica River section (Figs. 4 and 8) commences with
colluvium (FA I), represented by a bed of lithofacies Gmm (up to
2 m thick) followed upwards by a bed of lithofacies Fm (up to 1 m
thick). The latter contains preserved wood fragments and shell
detritus, but lacks pedogenic structures (Fig. 5A). The debris-

Table 2

Facies associations and interpreted depositional environment

flow origin of lithofacies Gmm and the angular shape of flysch
clasts building up the breccia indicate short transportation. Al-
though the exact sedimentary contact between underlying flysch
rocks and the Gmm bed was not observed, it seems that the col-
luvium begins the ONT Basin fill. It is worth noting that similar
lithofacies were identified in other outcrops within the ONT Basin:
Mietustwo (Ciche), Chochotéw, Lipnica Wielka, and Nové Ustie,
all located near the flysch/ONT Basin border (fozinski, 2011). A
wood admixture here indicates land in the vicinity.

The colluvium is followed upwards by a fine-grained unit,
several metres thick, which consists of massive claystone (fa-
cies CL) interbedded with laminated siltstone (FI), and is inter-
preted as an offshore-lake facies association (FA Il). The ab-
sence of coal horizons and siderite/calcitic structures distin-
guishes this facies association from floodplain (FA V) and
swamp (FA VI) deposits. The dark grey colour of the mudrocks
suggests dysoxic/anoxic bottom conditions in a lake that was
likely to be a few metres deep. Very fine clastic material was
deposited from suspension.

The offshore lake deposits grade upwards into heterolithic
lithofacies (Hf and Hs), interbedded with massive claystones
(CL) and laminated siltstones (FI). The frequency of occurrence
of the two latter facies decreases upwards and this is accompa-
nied by a coarsening-upwards trend. The characteristics are in-
terpreted to indicate a gradual upwards transition into the near-
shore-lake facies association (FA Ill). Deposition was generally
from suspension in a body of standing water, and was periodi-
cally interrupted by low-density turbidity currents, as indicated
by the occurrence of Bouma-type sequences within the
heterolithic facies (Hf and HS). The total thickness of the lake
deposits provides a crude estimate of the lake depth, which is a
function of interplay between subsidence and sedimentation
rates. Considering the thickness of lithofacies Hs (up to 3 m),
which is assumed to be rapidly deposited, and the total thick-
ness of the lake deposits (up 20 m), the depth of the lake may
have varied from several to tens of metres.

The lake deposits are followed upwards by either a sand-
dominated fluvial channel or floodplain deposits (Figs. 4 and 8).
The sand-dominated fluvial channel association (FA IV) consists
of erosively-based, generally fining-up units, 0.5 to 3.0 m thick,
composed of horizontally laminated (Sh), cross-bedded (Sp and
St), and ripple cross-laminated sandstones (Sr). The bodies are
laterally limited and appear irregularly, at least at four levels
within the middle part of the Oravica River section (Fig. 8). There
are erosive basal contacts of the fluvial channel-fills against
lithofacies Fm and Hs, which indicates that the river cut into for-
mer lake deposits as well as into floodplain fines. It is also proba-

ble that rivers generated low-density turbidity currents in the
lake.

The most common facies association in the Oravica
River section is that of the floodplain (FA V). Itis generally
composed of massive siltstones (Fm), which contain local

intercalations of plane and ripple cross-laminated sand-
stone (Sr). This facies association originated in extensive

overbank areas subjected to frequent flooding.
The lowermost occurrence of the floodplain facies as-

sociation in the Oravica River section is up to 10 m thick

and reveals evidence of soil formation (Figs. 4 and 8). The
rhizoliths point to the presence of rooted horizons, but no

mature palaeosols developed at this stage. Other palae-

osol structures present within this body, such as siderite
concretions and cemented horizons, are probably results

of later pedogenesis related to extensive plant vegetation
and the phytogenic accumulation of coals (C) and coaly

Association ﬁﬁg?iancaigé Iith'\gi‘g(():ires Depositional environment
colluvium composed

FAI Gmm Fm of weathered flysch rocks

FAII CL, FI - offshore lake

EAIII Hs, Hf CL, FI nearshore lake

FAIV Sh, Ssrr) St, Fm sand-dominated fluvial channel

FAV Fm Sr floodplain

FAVI CCL FCmLC% swamp

EFAVII Gem - gravel-dominated alluvial fan

claystones (CCL). Floodplain deposits continue into the
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upper part of the Oravica River section, but their thickness does
not exceed 4 m and siderite concentrations are smaller.

Upwards in the section, the silt-dominated floodplain depos-
its are interbedded with alternations of massive siltstone (litho-
facies Fm), thin, grey-blue clay (CL), coaly clay (CCL), and coal
(C), which are interpreted as a swamp facies association (FA
VI; Fig. 8). This association records periods of decreased
overbank flooding, which allowed plant vegetation to spread.
Coal occurs in the upper part of the section, where itis in places
interbedded with fresh-water limestone (L), which reflects the
transition of a swamp into a short-lived lake. Phytogenic ele-
ments are represented by the remains of palaeosols and could
be evidence of an inland environment. The tuffite layer present
in the association FA VI (Figs. 4, 7C, D and 8) is underlain by
coaly clays and pure clays, which points to the high lateral diver-
sity of environments at the time of the pyroclastic event.

The floodplain and swamp facies associations represent al-
most half of the thickness of the Oravica River section. This in-
dicates that the balance between sedimentation and subsi-
dence rates were stable for a long time. The continuous sedi-
mentary record of associations II-VI is cut by a regional angular
unconformity (Figs. 4 and 8), at which the eroded fine-grained
Neogene substrate is overlain by polymict conglomerates
(lithofacies Gem), forming the gravel-dominated alluvial-fan fa-
cies association (FA VII). These conglomerates form the top-
most element in the ONT Basin succession within the section
studied, and document a younger stage in the basin evolution
that postdated uplift and erosion of the underlying fine clastic
deposits at the current southern margin of the basin. They also
reflect the strong physical weathering and erosion of the Tatra
Block (including its crystalline core) and Central Carpathian
Paleogene Basin. Similar conglomerates cropping out south of
the village of Cimhovéa are considered to be of Quaternary
(Riss) age and derived from the Tatra Block and Central
Carpathian Paleogene Basin (Gross et al., 1993a; Baumgart-
Kotarba et al., 1996).

PALAEOCURRENT DIRECTIONS

The palaeocurrent data derived from the nearshore-lake fa-
cies association and the overlying fluvial cross-bedded channel
deposits reveal a moderate scatter around the average direc-
tion towards the SSW (mean 208°, standard deviation 48°; Fig.
4). The results suggest a common dispersal system, linking flu-
vial delivery with the lake that was fed from the NNE and deep-
ened towards the SSW. The relatively high spread of cross-
bedding dip directions may support the notion of the meander-
ing nature of the fluvial channels.

SUMMARY OF ENVIRONMENTAL EVOLUTION

The Oravica River section provides evidence of a dynamic
environment. Basin initiation was accompanied by the gravita-
tional collapse of a weathered flysch substrate and was fol-
lowed by the development of a lake. The lake depth may have
varied from several to tens of metres and was most likely of
considerable regional extent. It was filled with very fine terrige-
nous material, delivered mainly by fluvially-generated low-den-
sity turbidity currents. The mean palaeoflow was towards the
SSW, which was probably the direction of the lake deepening.
The nearest lacustrine shoreline is expected to have been lo-
cated north-eastwards off the study area. The lake margin was
of clastic type, locally with stands of macrophytes, and with no
obvious evidence of wave activity.

The lake evolved gradually into a muddy floodplain, crossed
by meandering fluvial channels. The maximum width of river
channels probably did not exceed tens of metres. Ephemeral
palaeosols developed between flooding events. A volcanic
event proceeding in three pulses resulted in an ash fall, which
covered a sparsely vegetated and locally marshy floodplain.
The post-volcanic evolution of the alluvial plain is characterized
by the development of swamps and local coal formation. The
Neogene sedimentation ended by tilting, followed by the em-
placement of Quaternary alluvial fans, reflecting a high palaeo-
relief and strong physical weathering in the Central Carpathian
Paleogene Basin and Tatra Block units.

DISCUSSION

The interpretation presented by Watycha (1976, 1977) as-
sumes that the ONT Basin fill is composed of cyclically orga-
nized lens-shaped sequences up to 20 m thick. The full se-
quence is composed, in ascending order, of conglomerates,
conglomerates interbedded with sandstones, normally-graded
sandstones intercalated with siltstones rich in plant detritus,
laminated siltstones with claystone admixture, and finally pure
claystones. According to this author, conglomerate beds are
common near the basin margin, whereas its central part con-
sists mainly of fine-grained deposits.

Such a pattern does not fit the Neogene strata in the
Oravica River section. Although the study area is located at the
basin margin, conglomerates are absent up to the hiatus level
(except the basal breccias Gmm of debris flow origin). More-
over, much of the section reveals lacustrine claystones that
coarsen upwards through a turbidite-bearing heterolithic inter-
val into fluvial deposits, which together implies a gradual filling
of the lake. The overlying alternation of the facies associations
IV, V, and VI appears to reflect largely autocyclic mechanisms
of alluvial-plain formation, superimposed on regional tectonic
subsidence. It needs to be stressed that the tracing of Waty-
cha’s (1976, 1977) lithostratigraphic units into the Oravica River
section meets difficulties due to the poor preservation of mol-
lusc shells, which are the basis for his stratigraphy.

The nature of the borders of the ONT Basin has been widely
discussed (e.g., Baumgart-Kotarba, 1996; Pomianowski, 2003;
Struska, 2008; Tokarski et al., 2012), because their character is
an important prerequisite to properly interpret the genesis and
structural evolution of the basin. Its rhomboidal shape suggests
that it originated as a pull-apart basin, or above some type of
fault-releasing bend, but the location of the master strike-slip
fault zone has been variously interpreted. The Oravica River
section provides some new, important data on this problem.
The presence of the lake with offshore fine-grained sedimenta-
tion needs a depression several kilometres wide. The maximum
lake extent is impossible to estimate, although the SSW-ly
palaeoflow suggests that it spread more to the south. The
Oravica River section also lacks marginal facies typical of
fault-bounded basins (Birkenmajer, 1954; Watycha, 1976),
such as alluvial fan conglomerates. The topmost conglomerate
(lithofacies Gem) is probably of Quaternary age (Baumgart-
Kotarba et al., 1996) and hence cannot be linked to the early
stage of basin formation.

All these premises suggest that the basin originally ex-
tended farther towards the south. Moreover, the high coal alter-
ation degree and the deep burial of the basin fill (Nagy et al.,
1996) suits the hypothesis that the Neogene ONT Basin was
wider than it is at present. If the basin originated as a fault-
bounded graben, its marginal fault zone would have to be lo-
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cated farther to the south. It follows from the above that tectonic
structures observed at the southern border, such as the normal
fault exposed in the Czarny Dunajec River (Tokarski et al.,
2012), can be related to an episode of uplift and erosion that af-
fected the southern part of the basin fill and resulted in the an-
gular unconformity below the Quaternary conglomerate. Such
an interpretation fits well with the basin evolution model pre-
sented by Tokarski et al. (2012).

The other structural aspect of the Oravica River section is
bedding tilted at ca. 20° to the north. Because Neogene depos-
its overlie the flysch basement it is probable that tilting involved
the basement rocks and was regional in scale. Tilting and ero-
sion can explain the linear character of the present-day ONT
Basin margins. The gravity model of section G2 crossing our
study area shows the basin floor inclined at an average angle of
19° towards the north (Pomianowski, 2003). This dip has been
interpreted in terms of a series of normal faults, displacing and
rotating the originally horizontal base of the basin fill (Pomia-
nowski, 2003). In our opinion, a tilted basin floor is also a viable
explanation, which corresponds well to the structural dip mea-
sured in the Oravica River section.

The concept of a larger southward extent of the basin at the
time of sedimentation and a later northward tilt raises the ques-
tion of a depocenter migration. Although the data is insufficient,
we hypothesize that the sedimentation began southwards off
the present-day deepest point of the basin and spread gradu-
ally to the north. Such a northwards-advancing depocenter
would also be consistent with the interpretations proposed,
among others, by Watycha (1976), Baumgart-Kotarba (2001)
and Tokarski et al. (2012).

A marine influence on deposition in the ONT Basin was
widely discussed (e.g., Birkenmajer, 1954), based on the pres-
ence of Early Miocene deposits containing marine foraminifera
and ostracods. However, Cieszkowski (1995) interpreted these
deposits as belonging structurally to the Magura Unit. The pres-
ence of mixed marine microfossils of Cretaceous to Lower Mio-
cene age within the ONT Basin could have been the result of
redeposition (unpublished report of Garecka and Szydto,
2013). The range of depositional settings documented in the

Oravica River section, together with the abundance of wood
fragments, points clearly to the non-marine origin of the basin fill
in this area. This is further supported by the spheroidal textures
of siderite concretions, because such textures appear neither in
fully marine, nor in brackish-water environments (Bojanowski
and Clarkson, 2012).

CONCLUSIONS

The investigations conducted in the Oravica River section
resulted in the following conclusions concerning this part of the
ONT Basin:

— The Oravica River section reveals the basal part of the

ONT Basin fill.

— The palaeoenvironment evolved from a weathering
flysch surface with debris flows, followed by a fresh-wa-
ter lake, rivers, and then repetitively flooded overbanks
with swamps. This environment was disturbed by volca-
nic ash fall events.

— Palaeotransport direction was to the SSW and records
the process of lake filling fed by rivers.

— The ONT Basin spread more to the south and the cur-
rent basin extent may be erosional.

— The Oravica River section documents structural inver-
sion, from subsidence and deposition to uplift, tilt, and
erosion of the fine-clastic Neogene body. This was fol-
lowed by the deposition of conglomerates, with material
from the Tatra Block and CCPB eroded under strong
physical weathering conditions.

— Considerable thermal/biochemical processes were in-
volved during coal diagenesis.
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