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Abstract
This paper relies on the literature to outline the main properties of the relief of the intramontane Orawa-Nowy 
Targ Basin which is dominated by three fluvioglacial fans. The focus, however, was on the genetically-varied 
landforms, mostly found within the limits of the fluvioglacial fans, which contribute to the diversity of the 
basin’s geomorphological landscape. Based on the results of geomorphological mapping of the area and 
the area’s digital elevation model, an explanation was provided for the distribution of particular landform 
types, with specification of their parameters. Building on this exercise, the three chief morphometric properties 
of the Orawa-Nowy Targ Basin, i.e. local relative height, slope, and aspect, were analysed. In the area occupied 
by the fluvioglacial fans, these morphometric parameters were found to display the greatest variety along the 
S-N and W-E axes. The results presented combine qualitative and quantitative approaches to geomorphologi-
cal studies in the first such attempt regarding the Orawa-Nowy Targ Basin and as such fill a significant gap 
in the existing geomorphological studies of the area.
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Introduction

In professional literature in the field of geo-
morphology, a complex analysis of the relief of 

large mountainous geomorphological units is 
seldom undertaken in a way that would com-
bine a detailed description of various types of 
landforms, a determination of their origin and 
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the relief development process and, finally, 
a quantitative assessment of their configura-
tion, that is, with morphometrics. Such a geo-
morphological analysis is found in a few pub-
lications related to selected mountain ranges; 
for instances, in the Sudetes (Kasprzak & Tra-
czyk, 2010; Kasprzak & Migoń 2015; Różycka 
2015; Migoń et al., 2016) and the Carpathi-
ans (Łajczak, 2024; Łajczak & Wałek, 2024), 
but even there little coverage is devoted to 
low-lying areas of the mountains, and in the 
case of the Carpathians and Sudetes, they 
have been ignored.

The present study is an attempt at defin-
ing the geomorphological characteristics of 
the Orawa-Nowy Targ Basin in the Western 
Carpathians, taking into account a qualita-
tive and quantitative description of the relief 
of this area. The qualitative characteristics of 
the relief of the basin includes an indication 
of the origin of the various types of landforms 
and a determination of their distribution and 
reach, taking into account the tectonics of 
the bedrock. In their turn, the quantitative 
characteristics – that is, the morphometrics 
of this area – comprise the determination 
of the horizontal and vertical dimensions of 
particular types of landforms, as well as of 
the relative heights, slope angles and aspect 
of individual parts of the basin. Paying heed 
to the remarks by M. Klimaszewski (1981, 
p. 15), the above scope of geomorphological 
analysis of the Orawa-Nowy Targ Basin com-
bines the four elements of geomorphology 
taken into account in the Polish literature on 
the subject, namely, morphography, morpho-
metry, morphogenesis, and morphochronol-
ogy. The Authors focus their attention on the 
first two of the above-mentioned elements 
of geomorphology.

To date, the Orawa-Nowy Targ Basin has 
been the subject of numerous geomorpholog-
ical studies in which attention was paid to the 
origin of the prevailing types of landforms, 
their transformations in the Quaternary, their 
distribution in relation to the stratigraphy and 
tectonics of the bedrock and to anthropogen-
ic changes (Klimaszewski, 1972, 1988; Mojski 
& Watycha, 1984; Watycha & Mojski, 1984; 

Baumgart-Kotarba, 1991-1992, 1996, 2000; 
Nagy et al., 1996; Zuchiewicz et al., 2002; 
Mojski, 2005; Zawiejska et al., 2024; Ciesz-
kowski et al., 2025; Łajczak, 2025a; Zarychta 
et al., 2025; Zuchiewicz, Kania, 2025). In this 
context, the available professional literature 
is clearly short of studies in text and, even 
more significantly, cartographic form cover-
ing the distribution of all types of landforms. 
Particular emphasis needs to be placed on 
determining their morphometric features 
(relative falls, slope angles, and aspect). Such 
an approach to the geomorphological analy-
sis would afford possibilities for detecting 
interdependences between the qualitative 
and quantitative features of the relief of the 
Orawa-Nowy Targ Basin, i.e. something that 
is still missing in relation to this area in the 
professional literature. The present paper is 
an attempt to fill that gap.

Location of study area

The Orawa-Nowy Targ Basin (ONTB) is one 
of the thirty-one intramontane basins in the 
Western Carpathians (Fusan et al., 1967; 
Poprawa & Nemčok, 1988; Kondracki, 
1989; Lehotský & Boltižiar, 2022) and the 
largest of this type in the Polish part of the 
Carpathian Mountains (Kondracki 2000). 
It is located in the Central Carpathians, 
near the border with the Outer Carpathians 
(Fig. 1). With other basins, the ONTB forms 
a series of tectonic depressions surround-
ing the ridge of the Tatra Mountains from 
the north, east, and south (Geomorfologicke 
členienie SSR, 1986; Klimaszewski, 1988; 
Kondracki, 1989, 2000; Lehotský & Boltižiar, 
2022), which results in the largest relative 
heights within the Carpathians that exceed 
2150 metres. The ONTB occupies the low-
est part of the Podhale Basin, between the 
Tatras in the south and the Beskid Żywiecki 
and the Gorce Mountains in the north, and 
it slopes down towards the north (Klimaszew-
ski, 1972, 1988; Gilewska & Starkel, 1980; 
Poprawa & Nemčok, 1988; Kondracki, 1989, 
2000; Gilewska, 1991; Mojski, 2005; Balon 
& Jodłowski, 2014). Two thirds of the ONTB 
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area is located within the borders of Poland, 
and one third lies in Slovakia.

Summary of existing knowledge 
on the research area within the 
scope of the topic discussed

ONTB area, division, and altitude range

The ONTB area is 643 km2. The basin is divid-
ed into three sections: (1) the Orawa Basin 
(OB), with an area of 470 km2; (2) the Nowy 
Targ Basin (NTB), with an area of 145 km2; 
and (3) the Biela Orava-Hruštinka Depres-
sion (BOHD) with an area of 28 km2 (Ciesz-
kowski et al., 2025; Łajczak, 2025a) (Fig. 2). 
The ONTB is 78 kilometres long from east to 
west, and its maximum width from north to 
south is 13 km. The lengths and maximum 
widths of its sections are, respectively: (1) 
36 by 13 km; (2) 24 by 6 km; and (3) 18 by 
1.6 km. Extreme altitudes in the ONTB area 
are: 853 m a.s.l. in the western part of sec-
tion (3), and 487 m a.s.l. in the eastern part 
of section (2). In the largest section of the 
basin, the extreme altitudes are 640 m a.s.l. 

in the north, 830 m a.s.l. in the south, and 
576 m a.s.l. in the west. Mean height (Hmean) 
of the ONTB amounts to 644 m a.s.l. with the 
median (Hme) of 639 m a.s.l. The Hmean and 
Hme values of further sections of the basin 
decrease towards the east; in the BOHD 
they are 679 and 675 m a.s.l. respectively; in 
the OB they are 657 and 648 m a.s.l.; in the 
NTB they are 600 and 599 m a.s.l. (Fig. 2B). 
The largest relative height in the ONTB along 
the axis from west to east is 366 m, and in 
section (1) is 254 m along the axis from west 
to east and 190 m along the axis from south 
to north.

Origin and composition

The Orawa-Nowy Targ Basin is an intra-
montane depression formed in the Upper 
Miocene and lain upon geological units con-
necting the Central Carpathians and the 
Outer Carpathians (Zuchiewicz et al., 2002; 
Zuchiewicz, 2010). The largest section in the 
ONTB, the Orawa Basin, is a tectonic depres-
sion bordered to the north and south by par-
allel-running systems of longitudinal normal 

Figure 1. Location of the Orawa-Nowy Targ Basin (ONTB)
A – in Poland, against the background of the limits of the Carpathians (in green); B – within the 
Western Carpathians, against the background of the limits of other basins (according to Starkel, 1972; 
Geomorfologicke členienie SSR, 1986; Kondracki, 1989). OC – Outer Carpathians (flysch); CC – Central 
Carpathians; IC – Inner Carpathians. a – basin (1- ONTB); b – European watershed; c – international 
border; d – main river. 
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faults with thrusts reaching several hundred 
metres (Pomianowski, 1995). These faults are 
intersected by transverse strike-slip faults ori-
entated along NW-SE and NE-SW axes. On 
the northern edge of the Orawa Basin, these  

detachment faults form an échelon pattern 
of faults (Pomianowski, 1995, 2003). Formed 
during the post-orogenic collapse of the rock 
mass during the Upper Miocene, the faults 
of the Orawa-Nowy Targ Basin became 

Figure 2. The division of the Orawa-Nowy Targ Basin (ONTB) into sections against the background of the 
hypsometry of the basin and its surroundings
A – border of the ONTB and its sections (I – Orawa Basin (OB), II – Nowy Targ Basin (NTB), III – Biela 
Orava-Hruštinka Depression (BOHD)); B – hypsographic curves in the ONTB and its sections (Hmean – 
mean height, Hme – median height); C – share [%] of the 50-m intervals of a.s.l. altitudes in the ONTB 
area and its sections. a – ONTB boundary; b – boundaries between the ONTB sections; c – Polish-Slovak 
border; d – town and main village; e – river. Contour lines – every 50 m.
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active again during the Pliocene and Qua-
ternary (Zuchiewicz et al., 2002). The Nowy 
Targ Basin, is also a tectonic depression 
bordered by faults (Niedzielski, 1971). In its 
turn, the Biela Orava-Hruštinka Depression, 
comes in the shape of a wide valley without 
distinctive tectonic features. The axes of the 
three sections of the Orawa-Nowy Targ Basin 
coincide with the axis of the gravimetric mini-
mum in the Western Carpathians (Poprawa & 
Nemčok, 1988).

From the beginning of its formation in the 
Neogene, the Orawa-Nowy Targ Basin has 
been a destination where material carried 
out from the surrounding mountain ranges 
has accumulated (Baumgart-Kotarba, 1991-
1992, 1996, 2000; Zuchiewicz et al., 2002; 
Pomianowski, 2003); it has also provided 
an area for biogenic accumulation (Łajczak, 
2007, 2011, 2013a,b). Two of the ONTB sec-
tions – the Orawa Basin and Nowy Targ Basin 
– are filled with fresh-water Neogene lacus-
trine deposits (such as sands, silts, loams, 
plus inserts of lignite and brown coal), whose 
extent was then reduced as a result of their 
erosion. The Neogene deposits take the form 
of a basin; they reach higher levels in the 
southern and northern zones where the dips 
of their layers reach 10-15°, and in the Orawa 
Basin even as much as 20-25° (Watycha, 
1976; Potfaj, 2003). In the Pleistocene, these 
formations were covered with fluvioglacial 
deposits forming three extensive fluvioglacial 
fans in the ONTB (Halicki, 1930; Klimasze-
wski, 1988). The Neogene and Quaternary 
deposits are thickest in the Orawa Basin (950 
and 117 m, respectively) (Watycha, 1973, 
1976, 1977a,b). They are covered with dusty 
deposits (Chmielowska, 2015) and with allu-
via along the water courses (Zawiejska et al., 
2024). A large part of the Nowy Targ Basin, 
and especially of the Orawa Basin, is covered 
with peats; individual raised bogs began to 
develop at various stages of the Holocene 
(Łajczak, 2013a,b; Lipka & Zając, 2014). In the 
Biela Orava-Hruštinka Depression section of 
the ONTB, there is a minimal thickness of 
lacustrine and fluvial deposits, while organ-
ic deposits do not occur at all (Fusan et al., 

1967; Geomorfologicke členienie SSR, 1986; 
Poprawa & Nemčok, 1988; Lexa et al., 2000).

Neotectonics 

The lowest northern areas of the ONTB are 
prone to subsidence (Gilewska & Starkel, 
1980; Zuchiewicz, 2010) amounting to 150 m 
in the Orawa Basin within the latest one mil-
lion years (Watycha, 1973, 1977a,b; Watycha 
& Mojski, 1984). In their turn, the southern 
sections of the Orawa Basin and Nowy Targ 
Basin are being uplifted (Gilewska & Star-
kel, 1980) at a maximum rate estimated at 
0.5 mm per year in the western and southern 
parts of the Orawa Basin (Vanko, 1988). Dur-
ing the evolution of the Orawa Basin, tectonic 
processes migrated in an easterly direction 
(Baumgart-Kotarba, 2000), which, in the 
north-eastern part of this section of the basin, 
led to the formation of tectonic grabens run-
ning from West to East (the Wróblówka and 
Pieniążkowice grabens) beginning from the 
Pliocene/Quaternary boundary. The devel-
opment of those grabens, which constantly 
deepened, is still continuing and is migrating 
in a north-easterly direction (Watycha, 1973, 
1977a,b; Watycha & Mojski, 1984; Baum-
gart-Kotarba et al., 2001, 2004), which is 
evidenced by the subsidence of this area, still 
apparent in the Holocene.

River network

Rivers and streams flowing into the ONTB 
from the north drain the flysch areas of the 
Beskid Żywiecki Mts. (1725 m a.s.l.), the Gorce 
Mountains (1311 m a.s.l.) and the neighbour-
ing plateaux (Fig. 3). Two sections of the 
ONTB, the Orawa Basin and Nowy Targ Basin, 
receive four rivers flowing from the south and 
draining the high-mountain area of the Tatras 
which is built from crystalline, metamorphic, 
and sedimentary rocks. From West to East, 
those rivers are the Oravica, Czarny Dunajec, 
Biały Dunajec, and Białka. These flow through 
the flysch area of plateaux and then through 
the narrow zone of the Pieniny Klippen Belt, 
formed mostly of limestones. The highest peak 



452 Adam Łajczak et al.

Geographia Polonica 2024, 97, 4, pp. 447-472

in the Tatras on the watershed of the area of 
the Białka catchment reaches 2638 m a.s.l. 
The hydrographic axis of the Orawa Basin is 
formed by the Czarna Orawa, a river flow-
ing in a south-westerly direction. In the Nowy 
Targ Basin, that role is played by the Dunajec 

river, which flows towards the East, while in 
the Biela Orava-Hruštinka Depression this 
part is played by the Biela Orava river and 
its tributary the Hruštinka river which flow in 
a north-easterly direction (Fig. 3A). Three riv-
ers flow out from the ONTB. The Nowy Targ 

Figure 3. The Orawa-Nowy Targ Basin (ONTB) in relation to the outer reach of: A – its catchment; B –  the 
neighbouring geomorphological units. a – main river; b – dam reservoir (CR – Czorsztyn Reservoir, 
OR – Orava Reservoir); c – watershed of the catchment of the basin; d – European watershed; e – boundary 
of the ONTB and its sections (1A – Orawa Basin (OB), 1B – Nowy Targ Basin (NTB), 1C – Biela Orava-
Hruštinka Depression (BOHD)); f – boundary of the catchment of basin section; g – highest culminating 
point on watershed of the basin and its elevation [m a.s.l.]; h – limit of the intramontane Orawa-Nowy 
Targ Basin; I – Pieniny Klippen Belt; j – plateaux and low-altitude mountains; k – mid-altitude mountains, 
l  – depression adjoining the high-altitude mountains; m – high-altitude mountains; n – Polish-Slovak border. 
Geomorphological units (according to Klimaszewski, 1972; Starkel, 1972; Geomorfologicke členienie SSR, 
1986): 1 – Orawa-Nowy Targ Basin (ONTB sections: 1A – Orawa Basin, 1B- Nowy Targ Basin, 1C – Biela 
Orava-Hruštinka Depression); 2 – Pieniny Klippen Belt; 3 – Przedtatrzańskie Foothills; 4 – Działy Orawskie 
Foothills; 5 – Sieniawskie Foothills; 6 – Oravska Plateau; 7 – Magura Oravska Mts.; 8 – Gorce Mts.;  
9 – Beskid Żywiecki Mts.; 10 – Sub-Tatra Graben; 11 – Tatra Mts. 
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Basin and eastern part of the Orawa Basin 
are drained by the Dunajec river. The western 
part of the Orawa Basin, together with Biela 
Orava-Hruštinka Depression, is drained by 
the Orava river. Only a small southern part 
of the Orawa Basin is drained by the Oravica 
river. The outflow from the Nowy Targ Basin 
and Orawa Basin leads through river gorges, 
i.e. through the Niedzicki Gorge and Ustian-
skie Gardło Gorge respectively.

The catchment area of the ONTB is 
2700 km2 (catchment of the Orawa Basin 
together with the Biela Orava-Hruštinka 
Depression: 1950km2, and catchment of the 
Nowy Targ Basin: 750 km2). The area of the 
ONTB and its catchment which is supplied 
by rivers flowing from the Tatra Mountains 
is much more abundant in water (Łajczak, 
2025b). The European watershed separating 
the drainage areas of the Baltic Sea and Black 
Sea runs through the ONTB from North to 
South (Fig. 3A). The eastern part of the basin, 
constituting 41% of its area, is drained by the 
Dunajec river towards the East and then to 
the Baltic Sea, while the western part – form-
ing 59% of its area – by the rivers Orava and 
Oravica in a south-westerly direction to the 
Black Sea. In the lowest part of the Orawa 
Basin, the Orava Dam Reservoir has been in 
use since 1953, and in the lowest part of the 
Nowy Targ Basin, the Czorsztyn Dam Reser-
voir has been operating since 1997. 

General information relating  
the basin sections

The Orawa Basin, occupying 73% of the 
whole area of the ONTB, is in the form of 
a parallelogram (Fig. 2) corresponding to 
the line of faults and of rivers and streams 
that often flow along their strike. The borders 
of the Orawa Basin adjoin undercut slopes 
along its boundaries, particularly in the fly-
sch areas (Baumgart-Kotarba, 1991-1992). 
The fluvioglacial fan of the Czarny Dunajec 
river occupies 60% of the area of the Orawa 
Basin (Halicki, 1930; Gilewska & Starkel, 
1980; Baumgart-Kotarba, 1991-1992). In the 
south-western, southern, and also northern 

part of the basin, Neogene formations are 
visible where they are being exposed in the 
lower sections of erosional dissections more 
than 50 m deep (Baumgart-Kotarba, 1991-
1992). The biggest local relative heights in 
the Orawa Basin, a difference of more than 
70 m, occur in the vicinity of the head of the 
fluvioglacial fan of the Czarny Dunajec river, 
while the smallest ones, only amounting to 
several metres, are found in the northern and 
north-eastern parts of the basin. 

The Nowy Targ Basin occupies 22% of the 
whole ONTB area. The northern boundary of 
this section, forming a sharp concave turn with 
flysch slopes at the foot of the Gorce Moun-
tains, stands out more markedly in the country-
side than the southern boundary with the Pien-
iny Klippen Belt. Two fluvioglacial fans of the 
rivers Biały Dunajec and Białka occupy almost 
the whole area of the basin (Halicki, 1930; 
Gilewska & Starkel, 1980; Baumgart-Kotarba, 
1991-1992) (Fig. 2). The combined area of 
those two fluvioglacial fans is two and a half 
times smaller than the area of the Czarny 
Dunajec fan. In addition, the relative heights 
in this basin are greatest in the vicinity of the 
fan heads, where they exceed 40 m, and they 
decrease towards the north in the vicinity of 
the Dunajec river channel. The Neogene-age 
deposits are covered with Quaternary forma-
tions over almost the whole area of the basin.

The Biela Orava-Hruštinka Depression 
occupies 5% of the total area of the ONTB. 
This section, resembling a long and wide val-
ley, is neither flat-bottomed nor separated 
from the surrounding slopes by a distinct con-
cave knickpoint (Łajczak, 2025a). The area 
has Neogene deposits of minimal thickness, 
and no fluvioglacial deposits, while the bot-
tom of the depression is covered with flu-
vial deposits ((Fusan et al., 1967; Poprawa 
& Nemčok, 1988; Lexa et al., 2000).

State of research on the  
basin relief

An analysis of the professional literature on 
the relief of the Orawa-Nowy Targ Basin indi-
cates that their authors focused on qualitative 
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descriptions of selected types of landform, typ-
ically the most extensive ones. Starting from 
the late 18th  century, which saw the onset of 
scientific observation in the ONTB, the area’s 
flat-bottomed relief was widely noted, as was 
its domination by peatbogs (Fichtel, 1791 – In: 
Gustawicz, 1883). The relief of the basin was 
already being graphically illustrated at the 
beginning of the 19th  century (Staszic, 1815) 
(Fig. 4). The ONTB was originally called the 
‘Nowy Targ and Orawa Valley,’ or ‘Orawa- 
-Nowy Targ Valley’. The term ‘Orawa-Nowy 
Targ Basin’, indicating the relief type of this 
area as standing out from the surroundings, 
was only introduced in the mid-20th century 
(Klimaszewski, 1948; Szafer, 1959). 

In various publications concerning the 
relief of the ONTB, attention was mostly 
paid to general features of the relief of the 
area, the outer extent of the fluvioglacial 
fans and the composition of those landforms 
(Romer, 1929; Halicki, 1930; Klimaszewski, 
1972; Gilewska & Starkel, 1980; Baumgart-
-Kotarba, 1991-1992; Kukulak & Augustowski, 
2022-2023) (Fig. 5A). In the area of the flu-
vioglacial fans, the research was related to 
the outer extent of terraces; the geomorpho-
logical results of the neotectonics of the area 
also being noted (Halicki, 1930; Klimaszew-
ski, 1972, 1988; Mojski & Watycha, 1984; 
Baumgart-Kotarba, 1991-1992, 1996, 2000; 
Zuchiewicz et al., 2002; Mojski, 2005; Chru-
stek, 2006; Zawiejska et al., 2024; Cieszkow-
ski et al., 2025; Łajczak, 2025a) (Fig. 5B). In 
the Orawa Basin and Nowy Targ Basin, eight 
morphological levels (terraces/areas) were 

singled out. They were of the following ages 
(Baumgart-Kotarba, 1991-1992): a1– early 
Quaternary; a2 – Günz glaciation; a3 – Mind-
el glaciation; a4 – Riss glaciation(?); a5 – Riss 
glaciation; a6 – Würm glaciation; a7 – Late 
Glacial; a8 – Holocene (Fig. 5B). The relative 
heights of the escarpments separating the 
above areas range from several to more than 
ten metres; while the highest escarpments, 
separating the area a6 from the areas a1-a5, 
as well as areas a1 and a3 from the area a8, 
exceed 50 m in some places. 

Erosional dissections of various depths 
were reported in the fluvioglacial fan of the 
Czarny Dunajec river – the largest landform 
in the study basin. Other features were also 
noted including the occurrence of denudation 
bowls on the terrace escarpments, as well as 
of palaeochannels and Holocene alluvial fans, 
the extent of the flat bottom of the basin with 
only a minimal angle of dip, as well as certain 
anthropogenic landforms (Łajczak, 2025a). 
The research in the basin also involved its river 
channels (Krzemień, 2003; Kościelniak, 2004; 
Zawiejska & Krzemień, 2004; Krzaklewski, 
2008; Gorczyca et al., 2011). Limestone rocks 
and caves were also objects of interest, as 
was the epigenetic gorge of the Białka river; 
without, however, any morphometric analysis 
(Birkenmajer, 1979; Valde-Nowak et al., 1987; 
Nyka, 2006) (Fig. 5C). Much attention was 
devoted to the distribution and configura-
tion of only the more extensive raised bogs 
and post-peat areas in the basin, without, 
however, a quantitative analysis of their relief  
(Łajczak, 2007, 2011, 2013a,b).

Figure 4. Drawing from a publication by S. Staszic (1815) showing the Orawa-Nowy Targ Basin as seen 
from the Gorce Mountains (view towards the South). In the background are the Pieniny Klippen Belt, 
Gubałowskie Foothills, and Tatra Mts. The figure also shows the flat-bottomed type of relief of the basin 
and burning peatbogs
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To conclude, an assessment of the verti-
cal and horizontal dimensions of landforms, 
their relative heights, slopes, and aspects is 
missing in the descriptions of individual types 
of landform. No detailed geomorphological 
map of the ONTB has yet been published, 
and the review studies in that field, carried 
out at a small scale, present only a schematic  

distribution of the selected types of land-
forms, mostly fluvioglacial fans, and of the 
morphological levels (terraces) within their 
limits (Fig. 5A,B) (Halicki, 1930; Klimaszew-
ski 1972; Gilewska & Starkel, 1980; Baum-
gart-Kotarba, 1991-1992). Numerous issues 
related to the geomorphology of the basin 
have not yet been explained; for instance, 

Figure 5. Distribution of those landforms in the Orawa-Nowy Targ Basin (ONTB) to which attention has 
mostly been paid in existing publications
A – extent of fluvioglacial fans (I – of the Czarny Dunajec river; II – of the Biały Dunajec river; III – of 
the Białka river); B – extent of morphological levels (terraces), explanations of a1-a8 can be found in the 
text; C – the distribution of landforms in the Pieniny Klippen Belt zone. a – ONTB boundary; b – river; 
c – extent of a fluvioglacial fan; d – boundary between morphological levels (terraces); e – exposed part of 
the Pieniny Klippen Belt; f – part of Pieniny Klippen Belt covered with Neogene and Quaternary deposits; 
g – river gorge; h – limestone rock; I – cave; j – tectonic uplift area; k – tectonic depression area.
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why the fluvioglacial fan of the Czarny Duna-
jec river is many times larger than the fluvi-
oglacial fan of the Białka river, in spite of the 
more intensive transport of clastic material 
in the latter river. There is a shortage of such 
studies analysing the distribution of all types 
of landforms that would present the condi-
tions of their development and the part those 
landforms played in the formation of the 
morphometry of the ONTB. 

Aim of the present study, research 
questions and hypotheses 

The aim of the present study is to carry out 
analysis of the relief of the ONTB taking into 
consideration a combined qualitative and 
quantitative description of all types of land-
forms. The detailed analysis thus presented 
is based firstly on the results of the geomor-
phological mapping of this area at a scale of 
1:10,000, performed by the corresponding 
author of the present study, and secondly 
on an analysis of the basin’s digital elevation 
model. The research results presented con-
stitute the first findings of this kind in rela-
tion to the ONTB. In some cases they were 
shown against the background of the results  
of studies by other authors. 

On the basis of the findings thus obtained, 
the following general issues were addressed 
in the study: (1) the distribution of all the 
types of landform distinguished within the 
basin with an indication of the conditions 
under which they developed and their current 
extent; (2) the spatially dominant types of 
landform in the ONTB and their distribution; 
(3) the spatial differentiation of morphometric 
parameters of individual types of landform 
(relative heights, slope angles, and aspects); 
(4) the individual types of landform differen-
tiate the morphometric parameters of the 
ONTB across the whole area of the basin.

The publications cited above include 
a statement that in the area of the ONTB 
including the fluvioglacial fans, the relative 
heights diminish in a northerly direction, 
that is, along the axes of those landforms. 
Hence the following hypotheses are tested 

in the present paper: (1) that the fact that this 
morphometric parameter reaches lower and 
lower values in a northerly direction results 
in substantial changes to other morphomet-
ric parameters; (2) that the changes of mor-
phometric parameters (relative heights, slope 
angles, and aspects) are also observable 
athwart the axes of the fluvioglacial fans, i.e. 
towards the West and East.

Materials and methods

The assessment of the Orawa-Nowy Targ 
Basin relief was performed in four phases. 
First, a general outline of the relief of the 
area was considered, as presented in many 
publications (Klimaszewski, 1972, 1988; Moj- 
ski & Watycha, 1984; Baumgart-Kotarba, 
1991-1992, 1996, 2000; Nagy et al., 1996; 
Zuchiewicz et al., 2002; Mojski, 2005). 
The next phase involved the analysis of the 
distribution and range of all landform types 
present in the basin. This was performed 
using the results of geomorphological map-
ping of the area at a scale of 1:10,000 in 
accordance with the applicable geomor-
phological standards. Terrain penetration 
was always preceded by the analysis of all 
publications presenting, to a varying degree 
of accuracy, the distribution of various land-
form types, as well as an analysis of a shad-
ed relief exposure map of the relief present-
ing particular sections of the Orawa-Nowy 
Targ Basin. In this way, the research covered 
all landforms within the basin which were 
classified into five types: denudational; fluvi-
al; biogenic; anthropogenic; fluvial and denu-
dational landforms developing exclusively 
in areas exposed to human impacts. In the 
third time-intensive phase of the study, using 
generally accepted measurement methods, 
morphometric parameters of smaller land-
forms were determined in the field, in each 
case along two profiles: local relative height 
ΔH, mean slope α, and aspect A. The hori-
zontal dimensions (length L, width W) of 
all landforms were additionally determined 
during the analysis of the digital elevation 
model (DEM). Sinuosity of watercourses was 
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calculated as a quotient of  a real length of 
a watercourse to a section connecting fringe 
sites of a watercourse. 

Morphometric analysis applied the digi-
tal elevation model developed with the use 
of the cloud of points from airborne laser 
scanning (ALS LiDAR) within Polish borders 
acquired from the Head Office of Geodesy 
and Cartography (GUGiK, 2018), and within 
the Slovak borders acquired from the Geod-
esy, Cartography and Cadastre Authority of 
the Slovak Republic. The vertical accuracy tol-
erance of digital elevation models made from 
the LiDAR data is 15 cm (Kurczyński, 2012). 
The digital elevation model with a resolution 
of 1 m that was downloaded has been turned 
into a mosaic format and resampled to 5 m 
resolution to generalise the very detailed 
data from laser scanning.

The fourth phase of the study involved 
calculation, in QGIS and the SAGA GIS soft-
ware environment, of basic morphometric 
parameters: local relative height ΔH, mean 
slope α, and aspect A (Hengl & Reuter, 2009). 
The analysis was performed on the Orawa-
Nowy Targ Basin and, additionally, in the 
adjacent zone 3 km in width in order to iden-
tify differences between the morphometry 
of the basin and the adjacent area.

Local relative height ΔH and mean slope 
α values were determined on a hexagonal 
grid with distances between the centres of 
adjacent cells of 500 m. The area of a single 
mesh of the grid amounts to 21.65 ha. Using 
zonal statistics from the DEM and slope 
map values from each grid mesh, maximum 
values, minimum values, and the range of 
altitudes and slope angle values were deter-
mined. The boundaries between the relative 
height and mean slope intervals in maps 
were determined using jenks natural breaks 
method. When determining the aspect, the 
analysis included areas with a slope angle of 
>3°, while other areas with a minimum slope 
angle were considered to be areas with no 
aspect. Four aspects were identified: N, E, S, 
and W, with azimuths covering the ranges 
of 315°-45°, 45°-135°, 135°-225°, and 225°-
315° respectively. 

Results of own studies 

Landforms – genesis, distribution, 
parameters

Five landform types have been identified in 
the Orawa-Nowy Targ Basin (Fig. 6). Among 
the denudation landforms, the most vis-
ible in the basin relief are valleys of different 
order and size, which only in sections of the 
Orawa Basin and Nowy Targ Basin are of 
a flat bottom type. Valleys prevail across the 
basin and have been formed in all directions. 
The bottom width of such landforms (W) 
remains within the range from several metres 
to over 1 km (max. up to approx. 5 km); the 
relative height (ΔH) in relation to other are-
as elevated higher within the basin ranges 
from several up to approximately 100 m with 
a decreasing trend towards the north. Slope 
(α) in the valleys ranges from several to over 
30° with the aspect in all directions. In the 
area of the fluvioglacial fans, the valleys have 
a fan-type spatial pattern (Fig. 7A). In the 
area occupied by terraces a1-a5, the valleys 
are formed crosswise to the morphological 
edges of the terraces with variation in their 
relative heights and hence the valley depth 
changes throughout their course. In turn, in 
the area occupied by terraces a6-a8 the val-
leys run parallel to the morphological edges 
of the terraces, whereas their depth is smaller 
and more even. In the tectonically elevated, 
peripheral areas of the Czarny Dunajec flu-
vioglacial fan, between the deepest valleys in 
this area, there are hummocks of 4-8 km in 
length, running approximately along NW-SE 
and SW-NE axes and with an asymmetrical 
cross-section (Fig. 7B,C). These landforms 
are similar to low homoclinal ridges. In this 
part of the Orawa Basin, whose entire area 
forms a bowl-shaped depression, the front of  
the Pliocene silt deposits and the overlay 
of Quaternary gravels constitute the geologi-
cal substratum of the ridge slopes which are 
oriented approximately in the direction South 
(an analogue of a scarp slope), whereas the 
younger layers of the Quaternary deposits 
constitute the geological substratum of the 
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Figure. 6. Geomorphological map of the Orawa-Nowy Targ Basin (ONTB) – simplified version. Sections 
of the ONTB
C1 – Biela Orava-Hruštinka Depression, C2 – Orawa Basin, C3 – Nowy Targ Basin. X – location of C1, 
C2, C3. Denudation landforms: a – hummock with asymmetrical cross-section; b – landslide landforms; 
c – limit of bowl-shaped depression; d – limit of valley bottom, e – river gorge; f – limestone rock formation; 
g – cave. Fluvial landforms: h – alluvial valley bottom with Holocene river terraces; I – alluvial fan; 
j  – palaeochannel of braided river; k – palaeochannel of meandering river; l – functioning braided river 
bed; m – partly regulated braided river bed; n – meandering river bed. Biogenic landforms: o – remnant 
of peatbog dome; p – post-peat area; r – fen. Anthropogenic landforms: s – flood control embankment; 
t – embankment of standard gauge railway; u – gravel pit (mining pit, heaps); v – water dam. Denudation 
and fluvial landforms which require human impact for their development: w – alluvial fan of river flowing 
into a dam reservoir; x – high cliff; y – bed of dam reservoir remodelled as a result of the accumulation of 
supplied material; z – low cliff. Other features: z2 – the lowest point in the basin and its altitude [m a.s.l.]; 
z3 – ONTB boundary; z4 – Polish-Slovak border (PL/SK).
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opposite slopes. The slope angles of the steep 
concave slopes reach up to 30°, while on the 
opposite convex-concave slopes the angle 
is below 10°. The convex-concave slopes of 
homoclinal ridges are up to four times longer 
than the steep slopes. Local hydrogeological 

conditions produce small landslides which 
cause local modelling of the steep slopes of 
asymmetrical hummocks. On the slopes of 
asymmetrical hummocks, as well as on the 
slopes of terraces in the Orawa Basin and 
Nowy Targ Basin, there are depressions and 

Figure 7. Distribution and morphometric properties of the denudation landforms found in the Orawa-
Nowy Targ Basin (ONTB) – continued
A – valley axes (>2 km long) versus terrace edges (legend for the terraces: a1-a8 in the text); B – 
hummocks with an asymmetrical cross-section (with marked location of lateral profiles 1-5 presented 
in Part C); C – selected lateral profiles (1-5) – ridge cross-sections. a – ONTB boundary; b – limit of 
fluvioglacial fan; c – terrace edge; d – axis of valley; e – axis of asymmetrical hummock; f – landslide; 
g – ground water outflow.
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small denudation valleys of 0.5-2.0 km in 
length which were formed during the Pleis-
tocene. These are up to approximately 10 m 
deep, and vary in terms of aspect (Fig. 6). 
The inventory of denudation landforms in the 
area investigated is complemented by min-
iature landforms: limestone rock formations 
(Cisowa, Grzebieniowa, Obłazowa, Kramnica, 
and Okrągła Rock) elevated above the flat 
surface of the fluvioglacial fan of the Białka 
river and reaching up to 65 m; an epigenetic 
gorge of the Białka river of minimum width 
70 m; Obłazowa Cave (9 m in length), and 
two smaller caves. The prevailing features of 
such landforms include rock walls and the full 
range of their aspects.

Among the fluvial landform types identi-
fied in the Orawa-Nowy Targ Basin, the largest 
(area-wise) are the Holocene valley bottoms 
(Fig. 6) which are found in the tectonically low-
ered NE section of the Orawa Basin and the 
Nowy Targ Basin, as well as occupying large 
surfaces in the W section of the Orawa Basin 
and in the valleys of inflowing rivers from the 
Tatra Mountains. On the borders of the basin, 
there are small alluvial fans of rivers and 
streams which date back to the Holocene and 
which catch waters from the neighbouring 
higher elevated areas. At the feet of the ter-
race edges, there are miniature proluvial fans. 
Silt material in the peripheral areas of the allu-
vial fans constitutes the substratum of some 
peat bogs. Within the fluvioglacial fan of the 
Czarny Dunajec river, on the terraces formed 
during the Würm glaciation and on the Late 
Glacial terrace, there are palaeochannels of 
the Czarny Dunajec river which are a trace 
of the former alignment of the river towards 
the NW. Channels of the former rivers on the 
terraces from the Würm glaciation are often 
filled with peat, currently with a decreased 
range and thickness. Bores into peat deposits 
have allowed a reconstruction of the palaeo-
channel shape. For example, under the dome 
of the largest peat bog in the basin, there are 
palaeochannels of 2-4 m in depth, located 
2-8 m above stream beds around the peat 
bog. The longest recognised palaeochannel of 
a braided river at the terrace from the Würm 

glaciation is 5 km long, 40-60 m wide, and 
5 m deep. The former meandering course of 
the Czarny Dunajec river in the western sec-
tion of the Nowy Targ Basin is testified to by 
traces of river bends visible in the morphol-
ogy of the Holocene terrace. This type of pal-
aeochannel has been exposed on the territory 
formed during the Würm glaciation in the 
post-peat areas near the Bór na Czerwonem 
raised bog. Among the currently-functioning 
riverbeds in the Orawa-Nowy Targ Basin, the 
widest (over 50 m) are the rivers of the Czarny 
Dunajec, Biały Dunajec and Białka. Before 
regulation works undertaken in the mid-20th  
c., the rivers used to have braided channels. 
In the Orawa-Nowy Targ Basin this type of riv-
erbed has only been preserved on the Białka 
river. The abovementioned rivers, inflowing 
from the Tatra Mountains, run along the axial 
zones of the fluvioglacial fans. In turn, there 
are meandering riverbeds at the edges of 
the fluvioglacial fans, as well as in the west-
ern part of the Orawa Basin and in the Biela 
Orava-Hruštinka Depression (Fig. 6).

Biogenic Holocene landforms add vari-
ety at the local scale to the relief of the Orawa-
Nowy Targ Basin. These include remnants of 
raised bogs and fens. In addition, in the areas 
where peat mining was the most advanced in 
the past (post-peat areas), there are also peat 
outliers, escarpments, peat depressions, and 
field drainage ditches. Biogenic forms or traces 
thereof occur within the altitude range of 592-
769 m a.s.l. in two sections of the basin, the 
Orawa Basin and the Nowy Targ Basin, mainly 
in the area of the fluvioglacial fans (Fig. 6). 
Biogenic landforms occur on all the terraces 
identified (a1-a8) in the following morphologi-
cal conditions of terrain: on local watersheds, 
in palaeochannels, in small denudation bowls 
and valleys within terrace slopes, at the foot of 
terrace slopes, and on the lowest flat parts of 
the terraces. Elements of the relief within the 
fragments of raised bogs that are preserved 
include slightly convex tops with minimum 
slopes with a surrounding convex-concave 
slope of relative height up to 10 m and, when 
considering its entire area, with aspects fac-
ing in all directions. Fens surrounding raised 
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bogs or occurring independently and occupy-
ing large areas have minimum slopes and, in 
the latter situation, are mainly oriented to the 
north. A different morphology is observed for 
landforms within the post-peat areas. Peat out-
liers are up to 6 m high, and are surrounded by 
an escarpment often having a zigzag course 
and with a vertical or stepped profile, while 
in many cases also with an already smooth-
ened profile. Peat depressions and field drain-
age ditches up to 3 m deep are often filled 
with water. The area of individual remnants 
of raised bogs ranges from 0.5 to 356 ha, or 
from 5.5 to 660 ha fen-inclusive. Their total 
areas in the Orawa-Nowy Targ Basin amount 
to 1312 and 2836 ha respectively. The central 
part of the largest section of a basin is located 
on an area 9x9 km in size and is almost entire-
ly covered by biogenic landforms.

Another group of landforms in the study 
area, namely anthropogenic landforms, 
includes: (a) – a dam on the River Orava in 
the Ustianskie Gardło Gorge–Oravska Prieh-
rada and a dam on the River Dunajec in the 
Niedzicki Gorge–Czorsztyn Reservoir (Fig. 6);  
(b) – the embankments of two standard-gauge 
railway lines of a total length of 50 km (the 
railway from Nowy Targ to Trstena has been 
dismantled); (c) – the embankment under the 
narrow-gauge railway from Czarny Dunajec 
village to the peat mine on the Puścizna Wiel-
ka peat bog; (d) – flood control embankments 
along the Czarny Dunajec river near Nowy 
Targ and along the southern bank of the 
Czorsztyn Reservoir; (e) – gravel pits (mines, 
heaps) on the N side of the Czarny Dunajec 
village and near Nowa Biała village; (f) – road 
embankments and undercuts, roadside ditch-
es, bridgehead abutments; (g) – levelled areas 
on developed land; (h) – bowls occupied by 
fish ponds near Ludźmierz and Krauszów. 
The locations of landforms “a”, “b”, “d”, and 
“e” are presented on Figure 6. As regards rela-
tive height, landforms “a” stand out, followed 
by landforms “e” at a smaller scale, whereas 
longitudinal landforms “b”, “c” and “d” pre-
vail. All the aforementioned landforms have 
high slope angles, in some of their fragments 
reaching up to 90°, and with a varied aspect.

The last group covering denudation and 
fluvial landforms in the Orawa-Nowy Targ 
Basin that required human impact to 
develop includes the following landforms 
(Fig. 6): (a) alluvial fans developing in river 
estuaries on the edge of the Orava Reservoir 
(five major forms) and the Czorsztyn Res-
ervoir (two major forms); (b) sections of the 
banks of the reservoirs where, as a result of 
abrasion, steep cliffs are formed with wide 
erosion platforms at their base; (c) other sec-
tions of the banks of the reservoirs where, as 
a result of erosion, low cliffs are formed with 
narrower erosion platforms at their bases; (d) 
underwater valley bottoms within the range 
of the back water from reservoirs where, 
as a result of the accumulation of both flu-
vial material and the material supplied from 
eroded reservoir banks, the bottom becomes 
increasingly shallow with an accompanying 
change to its morphology. In terms of area, 
landforms “a” and “d” are dominant whereas 
the greatest relative heights (over 10 m) and 
slope angles (locally of over 30°) are recorded 
for landforms “b”. Fragments of all landforms 
feature a full range of aspect.

Patterns of distribution of the largest 
landforms, and the angle and aspect 
of slopes within these landforms 

In the largest sections of the Orawa-Nowy 
Targ Basin (the Orawa Basin and the Nowy 
Targ Basin) which are dominated by the flu-
vioglacial fans, local denivelations point to 
spatial pattern which has not to date been 
investigated by geomorphologists. Therefore, 
the analysis involved landforms with a rela-
tive height >5 m and reaching a maximum 
of 40 m or even approximately 100 m. Rela-
tive height at a local scale across the area of 
fluvioglacial fans reveals fluctuations along 
the S-N axis of such landforms, and to a simi-
lar extent also along the W-E axis. The land-
forms with the largest relative height differ-
ences on particular fragments of the area of 
fluvioglacial fans mainly include denudation 
landforms: valleys and the ridges separating 
them, river gorges, isolated limestone rocks, 
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escarpments of terraces and depression 
bowls within their range. Among anthropo-
genic landforms, such a role is given to water 
dams, as well as pits and heaps in gravel 
pits. This group of landforms also includes 
high cliffs on the banks of dam reservoirs, as 
well as the remnants of raised bogs. Other 
convex or concave landforms, such as railway 
embankments, flood control embankments, 
or bowls occupied by fish ponds, or field 
drainage pits and ditches within the post-
peat areas, have a marginal role. 

Consideration is now given to the distribu-
tion of the individual abovementioned land-
forms, or groups thereof (Fig. 6), along the 
axes of the fluvioglacial fans. Starting from 
their highest elevated sections in the south 
to their lowest sections in the north, one can 
observe fluctuations in their relative heights. 
Local height differences at the apex of fluvi-
oglacial fans reach 50-100 m and decrease 
towards the north to as much as 10-20 m. Still 
further N, but exclusively in the Nowy Targ 
Basin near the limestone rocks and the river 
gorge of the Białka river, they again move 
up to over 60 m. Further to the north in the 
Orawa Basin and Nowy Targ Basins there is 
again a decreasing trend in relative height, 
but in the lowest areas of the basins, the val-
ue increases locally near the river gorges of 
the Orava and Dunajec rivers as well as near 
the anthropogenic landforms (heaps in gravel 
pits, water dams). 

The fluctuating changes in relative height 
are also observed crosswise to the axes of the 
fluvioglacial fans, namely along a W-E axis. 
Along the axial zone of fluvioglacial fans, 
located much lower than their apices, the 
depth of the valleys and height of the sepa-
rating ridges and terraces are much smaller 
than in the W and E peripheral areas of the 
fans. Such a differentiation of relative height 
is also linked to the occurrence in these 
peripheral eastern and western areas of cer-
tain single landforms, such as water dams, 
high cliffs along the banks of the reservoirs, 
as well as some remnants of raised bogs.

In the smallest section of the Orawa-
Nowy Targ Basin (the Biela Orava-Hruštinka 

Depression), which is morphologically simi-
lar to the bottom of a long and wide valley, 
the predominant landform types include 
numerous alluvial fans with a relative height 
<5 m, occurring below the mouths of side 
valleys. Therefore, this area is marked with 
a decrease in the local relative height from 
the foot of the slopes towards the axis of the 
bottom of this section of the basin.

The abovementioned landform types with 
the greatest relative heights, due to their 
curved or even closed borders, as well as 
steep or even fault-like slopes, show the great-
est variation in slope angle and aspect values. 
Therefore, the areas where such landforms 
occur must be deemed as having the great-
est mosaic of all morphometric parameters. 

The sinuosity of water courses 

Water courses longer than 5 km in the Orawa-
Nowy Targ Basin feature a characteristic dif-
ferentiation of sinuosity (Fig. 8). On the fluvi-
oglacial fans, braided rivers flowing from the 
Tatra Mountains feature a sinuosity of <1.2. 
Rivers inflowing into the Orawa-Nowy Targ 
Basin from the surrounding catchments built 
of flysch rocks have higher sinuosity within the 
basin, which in many cases, shows an increas-
ing trend through their course reaching even 
a value as high as 2.0. The same is observed 
for local water courses in the Orawa Basin 
and the Nowy Targ Basin; in the lower section 
of such water courses, sinuosity even exceeds 
2.0. In the Orawa Basin and Nowy Targ 
Basin, another trend can be observed within 
the fluvioglacial fans. The sinuosity of water 
courses follows a trend to increase from the 
axial zone of these vast landforms towards 
their western and eastern edges, increasing 
from values just exceeding 1.0 up to 2.0 or 
more. In the Biela Orava-Hruštinka Depres-
sion, the sinuosity of the main water courses 
(the Hruštinka and further on the Biela Ora-
va) increases along their course.

To conclude, water courses with a sinuos-
ity >1.5 prevail in the western and eastern 
areas of the fluvioglacial fans in the Orawa 
Basin and the Nowy Targ Basin, and in the 
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former area also in the northern part of the 
fluvioglacial fan. The greater sinuosity value 
of water courses in such areas is related to 
their more stable inflow from underground 
waters flowing out of Quaternary gravels 
as well as from vast raised bogs, while also 
to a lesser extent from post-peat areas and 
fens. Such a hydrographic situation, as well 
as the occurrence of dusty layers on gravels, 
encourages the formation of meandering riv-
ers. In turn, the minimum sinuosity values of 
transit rivers flowing through the axial zones 
of fluvioglacial fans are affected by the high 
outflow dynamics of such rivers. The impact 
of the neotectonics of the area on the differ-
entiation in the sinuosity of water courses, 
which was identified, seems to be limited; the 
greatest values of this morphometric param-
eter are observed for water courses occurring 
both in tectonically lowered areas (some fea-
tures in the NE part of the Orawa Basin and 
the Nowy Targ Basin), and in elevated areas 
(most features in the W section of the Orawa 
Basin). However, rivers with braided channels 
with a minimum sinuosity value occur in both 
tectonically elevated and in lowered areas 
(Figs. 5C, 6 and 8).

Greater sinuosity of water courses gener-
ates great variation in other morphometric 
parameters of the area, such as local relative 

height, slope and aspect, particularly if the 
water courses occur in high density on a small 
area. In the case of meandering rivers in the 
Orawa-Nowy Targ Basin, the heights of river 
banks range from approximately 1 m to over 
10 m, the width of river channels – between 
1 m and 30 m, the slopes of the river banks 
locally achieve 90° (particular in areas cov-
ered with peat), whereas their aspects involve 
all directions. Therefore, the areas with the 
highest density of high-sinuosity water cours-
es in the Orawa-Nowy Targ Basin stand out 
as regards relative height, slope, and aspect. 
An entirely different situation is observed in 
areas dominated by braided rivers with mini-
mum sinuosity, where river bank height does 
not usually exceed 3 m, with the slope of river 
banks usually achieving just 60°, and their 
aspect in river sections of up to 2 km shows 
just two opposite orientations, e.g. W and E 
or S and N.

Differentiation of relative height 
ΔH in the basin on the basis 
of the hexagonal grid 

Based on the relative height ΔH developed 
from the hexagonal grid with a grid mesh of 
21.65 ha, a contrast was revealed between 
the topography of the Orawa-Nowy Targ 

Figure 8. Variation in the sinuosity of water courses with a length exceeding 5 km in the Orawa-Nowy 
Targ Basin (ONTB). In sections of valleys with the dam reservoirs, the Figure presents the situation before 
construction of such hydrotechnical facilities
Sinuosity, a – 1.0-1.2; b – 1.2-1.5; c – 1.5-2.0; d – 2.0-2.5. e – boundary of the ONTB and sections within 
the basin (I – Orawa Basin, II – Nowy Targ Basin, III – Biela Orava-Hruštinka Depression); f – limit of 
fluvioglacial fan (river: A – Czarny Dunajec, B – Biały Dunajec, C – Białka); g – Polish-Slovak border.
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Basin (ONTB) and the external zone 3 km 
in width (Fig. 9). In the area occupied by the 
ONTB where a flat-bottomed valley type 
prevails, regardless of tectonic tendencies 
(movements elevating or lowering the ter-
rain level – Fig. 5), a local relative height 
ΔH <22 m is predominant across the area. 
Areas with a relative height ΔH >22 m 
and reaching up to 100 m occupy large 
areas in the western, southern, and south-
eastern parts of the Orawa Basin (OB), in 
the southern parts of the Nowy Targ Basin 
(NTB), in the narrow belt of the land along 
the northern border of the OB and the NTB 
sections, and almost right across the Biela 
Orava-Hruštinka Depression. In the 3 km 
zone neighbouring the ONTB, the ΔH value 
exceeds 200 m. The gradual change in the 
ΔH value between the ONTB area and its 
surrounding areas indicates the fact, noted 
in the literature, that the boundaries of the 
basin are set along faults that follow W-E, 
NW-SE, and NE-SW axes. 

The spatial differentiation of relative 
height in the Orawa-Nowy Targ Basin cor-
relates with the extent of landforms with 
the largest or smallest vertical dimensions 
(Fig. 6). These principally include valleys with 
asymmetrical hummocks separating them 
and Holocene valley bottoms. In this respect, 
one must also consider isolated limestone 
rocks, river gorges, terrace slopes, as well as 
heaps in gravel pits. 

Differentiation of mean slope α in the 
basin based on the digital elevation model

In the predominant area of the Orawa-Nowy 
Targ Basin (ONTB), the mean slope value 
does not exceed 3°, whereas within vast 
areas in the NE part of the Orawa Basin 
(OB) and the Nowy Targ Basin (NTB), it is <1° 
(Fig. 10A). A mean slope >6°, and locally >15°, 
is observed in the western, southern, and 
south-eastern parts of the OB, while also in 
southern areas of the NTB. Mean slope with-
in that range is also recorded for the narrow 
zone along the northern border of those two 
sections of the ONTB. Significant mean slope 
values are characteristic of the Biela Orava-
Hruštinka Depression (BOHD). 

The mean slope at the scale of the entire 
area of the ONTB is most affected by the situ-
ation in its largest sections: the Orawa Basin 
and the Nowy Targ Basin (Fig. 10B). In these 
three areas, mean slope <3° is observed in 
76%, 79%, and 80% of their total area, respec-
tively, which points to the domination of the 
flat bottom of the Orawa-Nowy Targ Basin. 
In turn, the areas with a mean slope >10° 
occupy just 3% of the ONTB area, whereas in 
the OB and NTB sections they occupy 2% and 
4% respectively. With respect to mean slope, 
the BOHD section stands out, as its area with 
a mean slope < 3° occupies just 29% of its 
total area, and the areas with a mean slope 
>10° occupy over 13% of the area of this 

Figure 9. Relative height ΔH in hexagonal grid in the Orawa-Nowy Targ Basin (ONTB) and the 3 km 
buffer zone around its borders
a – ONTB boundary; b – boundary between sections of the basin; c – Polish-Slovak border.
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section. Land with a mean slope within the 
range between 3° and 10° occupies the larg-
est area (57%) within the BOHD. Areas with 
a mean slope within such a range occupy just 
20% of the ONTB area, while in the case of 
the OB and NTB sections, such areas cover 
19% and 16% respectively (Fig. 10B).

Spatial variation of mean slope values in 
the Orawa-Nowy Targ Basin correlates with 
the extent of landforms with high or low rela-
tive height. In this respect, the most impor-
tant assessment refers to the range of areas 
with the highest or lowest energy of relief. 
The comparison of Fig. 10A and Fig. 6, in ana-
logical fashion to the case of relative height 
ΔH (Fig. 9), points to the prevailing (in this 
respect) distribution of landforms with the 
highest vertical dimensions (valleys, asym-
metrical hummocks, isolated limestone rocks, 
river gorges, terrace slopes, heaps in gravel 
pits), as well as landforms with the lowest ver-
tical dimensions (Holocene valley bottoms).

Differentiation of mean slope α in the 
basin based on the hexagonal grid 

Mean slope in the Orawa-Nowy Targ Basin 
(ONTB), determined from the hexagonal 
grid, points to spatial differentiation correlat-
ing with the image obtained from the digital 
elevation model (Fig. 11). The ONTB is domi-
nated by a mean slope not exceeding 3°, and 
only locally achieves 12°, whereas in the 3 km 
zone external to the boundary of the basin, it 
exceeds 20°. In the ONTB areas with elevating 
tectonic movements, the mean slope signifi-
cantly exceeds 3°. Such a situation is typical of 
areas with landforms featuring the greatest 
vertical dimensions in the basin. Neverthe-
less, in such sections of the ONTB, there are 
large areas, particularly valley bottoms, with 
a mean slope <3°. In turn, there are vast areas 
in the northern and north-eastern parts of the 
Orawa Basin (OB) and the Nowy Targ Basin 
(NTB) with a mean slope <3°. Set against 

Figure 10. Slopes α in the Orawa-Nowy Targ Basin (ONTB)
A – variation in slope; B – slope structure in the ONTB and its sections: Orawa Basin (OB), Nowy Targ 
Basin (NTB), Biela Orava-Hruštinka Depression (BOHD). a – ONTB boundary; b – boundary between 
sections of the basin; c – Polish-Slovak border; d – town and main village; e – river, stream.
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the largest sections of the basin, the mean 
slope value within the Biela Orava-Hruštinka 
Depression is relatively high. The results 
presented confirm the opinions regarding 
tectonic conditioning of the edges of the larg-
est sections of the Orawa-Nowy Targ Basin,  
particularly in the Orawa Basin.

Differentiation of aspect A in the basin 
based on the digital elevation model

When considering the very large areas with 
slopes <3°, and locally <1° which occur in 
the largest sections of the Orawa-Nowy Targ 
Basin (Figs. 10 and 11: Orawa Basin, Nowy 
Targ Basin), an assumption has been adopted 
that these sections of the basin should be 
classified as areas with no aspect (Fig. 12A). 
They occupy very large areas in the north-
ern, north-eastern, and western parts of the 
Orawa Basin, as well as the northern part of 
the Nowy Targ Basin. Lands considered as 
areas with no aspect overlap with the extent 
of the broad Holocene valley bottoms, as well 
as the flat tops of wide hummocks. It should 
be noted that there is a compact area with 
an area of over 100 km2 with no aspect in 
the central part and in large NE areas of the 
Orawa Basin. Areas with concave or convex 
landforms, regardless of their vertical dimen-
sions, have varied aspects within all ranges. 
Attention must be drawn in this respect to the 
valleys and asymmetrical hummocks present 

in the western, southern, and south-eastern 
parts of the Orawa Basin. Variation in the 
aspects of the slopes, with the S aspect being 
dominant, are also visible in the northern 
zone adjoining the edge of the Orawa Basin 
and the Nowy Targ Basin. Fig. 12A also shows 
the variation in the aspect of other landforms, 
e.g. isolated limestone rocks, heaps in gravel 
pits, cliffs on the edges of dam reservoirs, or 
railway embankments. A different situation 
with regards to aspect is observed in the 
Biela Orava-Hruštinka Depression in which 
the N and W aspects are dominant, whereas 
the area with no aspect is limited to a narrow 
zone at the bottom of this section of the basin.

The situation with regard to aspect seen in 
the Orawa-Nowy Targ Basin, in a similar man-
ner as in the case of the angle of slope, very 
largely depends on the situation in the largest 
sections of the basin (the Orawa Basin and 
the Nowy Targ Basin) (Fig. 12B). In the Orawa 
Basin, areas with no aspect occupy 79% of 
the area, whereas in the Nowy Targ Basin, this 
is 80%. Across the Orawa-Nowy Targ Basin 
as a whole this land category occupies 77% 
of the area, a result of the small proportion 
of areas with no aspect (29%) in the section 
covering the Biela Orava-Hruštinka Depres-
sion. In the Orawa Basin and the Nowy 
Targ Basin, and as a result across the whole 
Orawa-Nowy Targ Basin, areas with N, E, S, 
and W aspects occupy just several % of the 
land area, with none of these aspects clearly 

Figure 11. Mean slope α in hexagonal grid in the Orawa-Nowy Targ Basin (ONTB) and the 3 km buffer 
zone around its borders
Explanation of a-c as in Fig. 9.
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being predominant. This points to a homoge-
neity of almost the entire Orawa-Nowy Targ 
Basin, considering this feature of its geomor-
phometry. The exception is formed by the Bie-
la Orava-Hruštinka Depression, where areas 
with N and W aspects occupy, in total, half 
of the area of this section of the basin.

Discussion

The analysis of the relief of the Orawa-Nowy 
Targ Basin, presented in the qualitative and 
quantitative aspect based on the results of 
the geomorphological mapping of this area 
at a scale of 1:10,000 as well as on the digital 
elevation model and hexagonal grid methods, 
goes beyond the framework of previous geo-
morphological studies of the area investigat-
ed. Because of a limited volume framework of 
the paper, the interpretation of the obtained 
results have only been signalled. Such a spa-
tial pattern of landforms and morphometric 
values in the Orawa-Nowy Targ Basin reflects 

the history of geomorphological development 
of this area. Existing publications, even the 
most recent ones, regarding the Orawa-Nowy 
Targ Basin, focus on a qualitative assessment 
of the landforms (Baumgart-Kotarba, 2000; 
Łajczak, 2011, 2013a,b; Kukulak & Augustow-
ski, 2022-2023; Zawiejska et al., 2024) and 
the earliest attempt to provide a morphomet-
ric analysis of the area is only found in (Zary-
chta et al., 2025). In addition, the present 
study stands out in both the methodological 
and content-related aspect when compared 
with descriptions of the reliefs of other intra-
montane basins across the Carpathians and 
Alps (including Kondracki, 1989, 2000; Balte-
anu et al., 1998; Novak et al., 2018). In the lat-
est studies on the reliefs of the largest intra-
montane basins in the Slovak Carpathians, 
the Turčianska Basin, Žiarska Basin, and Pod-
tatranská Basin (Sládek et al., 2022; Vitovič 
et al., 2022), the authors focus on the geo-
logical factors affecting the development of 
relief, particularly neotectonics, as well as on 

Figure 12. Aspects A in the Orawa-Nowy Targ Basin (ONTB). A – variations in aspect; B – aspect 
structure in the ONTB and its sections: Orawa Basin (OB), Nowy Targ Basin (NTB), Biela Orava-Hruštinka 
Depression (BOHD)
Explanation of a-e as in Fig. 10.
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describing the structural landforms. The stud-
ies cited do not include geomorphological 
maps, or a morphometric analysis of even the 
largest landforms. 

Conclusions

With reference to this study, it can be stated 
that its goal has been achieved because: (a) 
basing on the results of the own research 
and taking into account information from 
literature, it explains the distribution of vari-
ous landform types within the Orawa-Nowy 
Targ Basin, identifying landforms of differ-
ent sizes; (b) spatial differentiation of mor-
phometric parameters of various landform 
types was explained; (c) on the basis of this, it 
explains the influence of the landforms on the 
spatial differentiation of the morphometry 
of the entire basin that is being examined. 
The results have been presented graphically.

The spatial differentiation of the size of 
morphometric parameters (local relative 
height, slope, aspect) of the Orawa-Nowy 
Targ Basin (ONTB) points to a connection 
with the distribution and size of all types of 
landforms as well as tectonics. The ONTB 
can be classified into three areas with dif-
ferent histories of relief development, differ-
ing in distribution, range, and vertical size 
of the landforms, and thus morphometric 
parameters. The largest area in the ONTB is 
occupied by three fluvioglacial fans occurring 
in the Orawa Basin (OB) and the Nowy Targ 
Basin (NTB), of which the fluvioglacial fan of 
the Czarny Dunajec river covers the largest 
area. The second area in the ONTB is the 
remaining part of sections of the OB and the 
NTB, occupying their northern peripheries 
outside the fluvioglacial fans. The third area 
in the ONTB, with different landforms, is its 
smallest section: the Biela Orava-Hruštinka 
Depression. The earliest of those is subject 
to upward tectonic movements in its western 
and southern part, whereas in the central 
and eastern part such movements are direct-
ed downwards. Areas subject to downward 
tectonic movements have the lowest relative 
height and slope values across the ONTB. 

The other two areas in the ONTB have been 
subject to upward tectonic movements, and 
have more varied relative heights, slopes and 
aspects. For these reasons, the entire Orawa-
Nowy Targ Basin area cannot be treated 
as homogenous on the basis of minimum  
relative height and slope values. 

The results of the studies allow previous 
hypotheses to be verified. Within the frame-
work of the fluvioglacial fans prevailing in the 
Orawa-Nowy Targ Basin, their slope decreas-
es along an axis towards the north, with a con-
sequential decrease of their relative height in 
this direction. Considering the deepest land-
forms within the fluvioglacial fans, namely the 
valleys, this morphometric parameter indeed 
decreases in this direction. However, if we were 
to consider other landforms of similar vertical 
size, but occurring on small areas, their local 
relative height within the alluvial fans indicates 
undulation on a S-N axis. This results in varia-
tion in slope and aspect at a local scale. Due to 
the characteristic distribution of the landforms 
of the highest vertical dimensions within the 
fluvioglacial fans, another direction of change 
to the local relative height, slope and aspect is 
indicated across the axes of the fluvioglacial 
fans in the Orawa Nowy Targ Basin. In this sit-
uation, one can observe a trend developing in 
these morphometric parameters running from 
the axes of the fluvioglacial fans towards their 
eastern and western peripheries.

The Orawa-Nowy Targ Basin continues to 
present a promising area for comprehensive 
studies on the relief of the area with respect 
to its geomorphology, including, inter alia, its 
morphography and morphometry, with special 
consideration of the various types of landforms 
found in the geomorphological landscape.
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