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Predslov

Milé kolegyne, vaieni kolegovia,
cteni G&astnici SVK PriF UK 2019,
ked pred vyse dvomi

tisicroCiami prenikol velky
Herodotos z Halikarnassu svojimi
myslienkami  a sprostredkovanymi
informaciami daleko na sever od
vtedajsej kolisky civilizacie, ostal len
pri skromnych slovach: ,,Ako hovoria
Traci, vtom kraji za Dunajom Zije
tolko vciel, Ze sa cez ne neda ani
krok dalej dostat”. Atak trosku
usmevne dostdvame my
prirodovedci otom nasom kraji
slovami naozaj prvého vyznamného
geografického kompendia do vienka

tradiciu prirodovedného
vzdelavania. Tradiciu, ktoru
v neskorsich dobach budovali

vtomto regidne mnohi velikani
myslenia  a poznavania. MozZno
v tejto suvislosti aj slavny Johannes
Mdller von  Konigsberg, inak
slovutny profesor nasej bratislavskej
Istropolitany, jednej z najstarSich

stredoeurdpskych univerzit, ktorého
prelomové prirodovedné dielo De
triangulis omnimodus libri quinque
s nadychom heliocentrizmu davno
pred Kopernikom si pre svoje
zamorské objavné cesty objednal aj
sam Kolumbus.

Dnes na Regiomontanovom
odkaze atradicii stoja aj zaklady
Univerzity Komenského. Iste sa prilis
nevzdialim od pravdy, ked
zdoraznim, Ze jej Prirodovedecka
fakulta patri ktym najprestiznejSim
vedecko-pedagogickym instituciam,
na ktoré sme na Slovensku pravom
hrdi. Ano, inapriek 8 desatinam
HDP, ktoré nasSa republika rocne
delimituje na vedu avyskum, co
predstavuje na obyvatela Styrikrat
mensiu dotaciu ako priemer EU
a sedemkrat nizSiu, ako je tomu
v susednom Rakusku. Ale dovolte mi
zaroven podciarknut tézu, Ze v dobe
ked sa knam milovymi krokmi

priblizuju skvalitnenim svojej
publikacnej  cCinnosti aj nase
sesterské inStitucie (pocet

vedeckych publikacii na Slovensku
na obyvatela vzrastol za poslednych
10 rokov nevidane dvojndsobne), no
pocet citacii na ne zastagnoval
a predstihol len Rumunsko, ostava
jasnou viziou dobéraz na kvalitu
publikacnych vystupov.

Ste na spravnom mieste s tou
najvyssou koncentraciou
inventivneho potencialu, intelektu,
talentu a objavitelského entuziazmu
v prirodnych vedach na naSom
uzemi. Na mieste, ktoré sa napriek



nepriazni doby atak troSku az
zvratenému rebricku hodnot
a priorit spolocnosti, v ktorom sa
Ucta k mudrosti a vzdelaniu
prepadla takmer na jeho samé dno,
drzi prisnych anekompromisnych
Standardov vedy a vyskumu. Pokial
ste si ho vybrali pre prezentovanie
svojich iste cennych a zaujimavych
vysledkov, drZite sa tej pravej cesty.

Studentska vedecka
konferencia na nasej fakulte je
nesporne prestiznym podujatim pre
prestiznych Studentov. Aj tento rok
zaznamenalo vysoky zaujem zo
strany 275 ucastnikov, z ktorych 222
aktivne vystupia na nasej
akademickej po6de, aby prislusné
tematické forum informovali
o podnetnych  vystupoch  svojej
prace. Velmi ma tesSi, Ze popri
domacich studentoch prijalo nase
pozvanie aj takmer 60 ucastnikov
z externého prostredia,

predovsetkym Z0 Slovenske;j
akadémie vied, Univerzity P.J.
Safarika v KoSiciach, Predovskej

univerzity, Masarykovej univerzity
vBrne, Ceského vysokého uéeni
technického v Prahe, Ostravskej
univerzity Ci Veterinarnej
a farmaceutickej univerzity v Brne.
A prakticky vintencidch minulych
rokov zavitali na nasu fakultu aj
stredosSkolski uUcastnici podujatia.
Tematicky profil jednotlivych
prispevkov uz tradicne definuje
najma bioldgia (108) a chémia (67)
s nezanedbatelnym podielom
geografie, geoldgie,

environmentalistiky a didaktiky

prirodnych vied.

Uprimne sa te$im z kazdého
podujatia, ktoré spaja talent
mladych  ludi apredznamenava
trendy napredovania prirodnych
vied do najblizSich rokov, ved
vdneSnom uponahlanom case si
prirodovedci nedokazu uz odkrojit
vela. momentov na vzajomne
motivaénu diskusiu. MozZno aj
z tohto

podakoval osobitne organizacnému

dévodu by som rad

vyboru SVK svierou, Ze vdetci
ucastnici najdu na tomto podujati
entuziazmu. Maju totiz na com
stavat.

Peter Fedor
dekan
Prirodovedeckej fakulty UK v Bratislave
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Tectonic tilting detection based on analysis of drainage basin asymmetry:
A case study of the Vrbovsky Creek (Western Carpathians)

Ladislav Vitovi¢

Comenius University, Faculty of Natural Sciences, Department of Physical Geography and
Geoecology, Mlynska dolina, Ilkovicova 6, 842 15 Bratislava 4, Slovac
republic; vitovic2@uniba.sk

Abstract

Morphometric indices are highly applied in the morphotectonic studies in order to identify the region
neotectonics. The neotectonic structure of the southeastern part of the Popradska kotlina Basin on the junction
with the Levo¢ské vrchy Mts. was evaluated using drainage basin asymmetry analysis. The evaluation of the
neotectonic structure was focused on regional tilting detection using the Transverse Topographic Symmetry
Factor (TTSF). To distinguish the influence of the lithology on the asymmetry, the dip direction of sedimentary
rock layers was also evaluated. The index values are highly variable from 0,05 to 0,96 together with changing
asymmetry direction as well. Considering the neotectonics dominantly controls the asymmetry, totally 13
potentially blocks were identified. There is a symmetric horst in the central part in the study area and 12 tilted
blocks. Only 2 of them can be considered as less credible regarding the low rate of asymmetry together with
potential lithological influence.

Keywords: drainage basin; asymmetry; neotectonics; the Popradska kotlina Basin; Western Carpathians.

Introduction and Objectives

Asymmetry of a drainage basin is controlled by several factors, e. g. climate
(indirectly reflected in vegetation cover density), lithology (dip direction of sedimentary rock
layers) and tectonics. In case, where climate and lithology settings have negligible influence,
the basin asymmetry is considered to reflect the ground tilting. To detect the asymmetry,
Transverse Topographic Symmetry Factor (TTSF) and Asymmetry Factor are usually applied
in morphotectonic studies [1, 2].

The study area consists of 5 partial sub-basins of the VVrbovsky Creek. The entire basin
is situated in the southeastern part of the Popradska kotlina Basin on the junction with the
Levoc¢ské vrchy Mts (fig. 1A — C). The Subtatric Group of Paleogene age build the study area.
Zuberecké Formation (flysch layers) build the predominant portion of the study area, while
the Bielopotocké Formation (flysch layers with sandstone dominancy over the claystone)
occurs only in its mountain part. From neotectonic point of view, the study area lies on the
junction of the subsided graben the Popradska kotlina Basin) and slightly uplifted block (the
Levocské vrchy Mts.). The boundary between the active morphostructures is formed by
Quaternary active faults [3, 4].

The evaluation of neotectonic structure was already conducted for the entire Slovakia,
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but only in small scale (1: 500 000) [4]. Regarding the size of the study area (~ 11 x 9 km),
more precise evaluation of its neotectonic structure can be done. The aim of this article is to

identify the block tilting of the study area using the drainage basin asymmetry.

Materials and methods
To identify the possible tilting of the drainage basin, the calculation of Transverse

Topographic Symmetry Factor (TTSF) was carried out. Following formulae [1] was used:

Da

T: the Transverse Topographic Symmetry Factor
Da: the distance between midline of the drainage basin and midline of the active
meander belt (thalweg in this case)

Dd: the distance between midline of the drainage basin and the basin divide

To evaluate variations of the T values along the streams, the calculation for 1 km
segments was applied in line with [5]. The calculation technique is visualized in fig. 1D. Note
that half lines, Da, Dd as well as asymmetry direction are perpendicular to the basin axis.

To get a more precise view over the assymetry and possible tilting, the calculation was
conducted for 5 partial sub-basins of the Vrbovsky Creek. The delineation of the sub-basin
was semi-automatic based on their hierarchy (streams of the 3" order or higher according to
Strahler [6]) regarding their size as well.

In order to exclude a possibility that dipping sedimentary layers influence the basin
assymetry [2], the dip direction of sedimentary rock layers [3] was evaluated as well. The
tectonic faults within the study area were adopted from neotectonic map [4]. Regarding the
size of the study area, the faults adopted only from small scale map (no others were available)
aren’t sufficient for this study. To get a more precise view over possible neotectonic structure,

morpholineaments were manually drawn as well.
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Fig. 1. A: The Popradska kotlina Basin within Slovakia. B: Study area within the Popradska kotlina

Basin. C: Partial drainage basins of particular streams together with the drainage network. D: The sketch
of applied principles of TTSF calculation after [1, 5].

Based on asymmetry of the sub-basins, course of morpholineaments and the entire
morphology, the possible tectonic blocks were delineated (fig. 2B). Symmetric and
asymmetric (tilting) horsts were distinguished. Normal faults are presumed to dislocate the
blocks. The intensity of movement (rate of faulting) along the particular fault segment was
evaluated using the rate of basin asymmetry. In basin segments, where the middle to high rate

of asymmetry occurs (reflected in length of arrows, see fig. 2A), high rate of faulting was
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attributed. In contrary, where the middle to low rate of asymmetry occurs, low rate of faulting

was attributed.

Results and discussion

The T values range from 0,05 to 0,96 (tab. 1) pointing to various rate of asymmetry.
The arrows with different length were drawn to illustrate this various rate and direction of
asymmetry (fig. 2A). The basin of the Zakovsky Creek shows mainly right-side asymmetry
with its highest T values in its middle course. The lower sub-basin of VVrbovsky Creek has
predominantly a left-side asymmetry with its highest T values in its middle to lower course.
The upper sub-basin of Vrbovsky Creek points to opposite stream migration with its highest T
values in its middle to lower course. VIkova Creek shows left-side migration with its highest
T values in its lower course. It has the highest average T value (tab. 1) pointing to relativelly
strong asymmetry. The intensity and direction of asymmetry of the Horny Creek’s basin
markedly changes along the stream. Strong left-side asymmetry of its upper course alternates
to right-side in its middle course and then the stream migrates to the left side again.

According to the evaluation of the dip direction, the asymmetry of studied basins isn’t
considered to be controled by lithology. Therefore, the neotectonics in form of faulting and
tilting is considered to control the asymmetry. The only case of possible partial lithological
control can be considered in the SE part between Horny Creek and VIkovéa Creek (fig. 1C).

We delineated 12 potential neotectonic blocks with different tilting direction and 1
relativelly symmetric horst. The potential symmetric horst with predominantly high rate of
faulting along its boundaries.was identified in the central part of the study area. In general,
asymmetric blocks are tilting down towards the central symmetric horst. Only 2 blocks in the
SE part have an opposite tilt direction. In this case, the rate of asymmetry is low, moreover,
the mentioned lithologcal control is linked to this locality as well.

Tab. 1. The T values of partial sub-basins — The values are in downslope order. Basin of Vrbovsky Creek is
divided into its upper (headwater) and lower course parts.

Name of creek | Vrbovsky (lower) | Vrbovsky (upper) | Zakovsky Vlkova Horny
0,26 0,16 0,41 0,37 0,81
0,14 0,16 0,07 0,47 0,42
Ul 0,19 0,18 0,30 0,51 0,20
in downslope 0,49 0,38 0,76 0,56 0,34
order 0,75 0,51 0,80 0,38 0,16
0,05 0,22 0,57 0,96 0,14
- - 0,31 - 0,18
T average 0,46 0,27 0,32 0,54 0,31
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Fig. 2. A: Sub-basins with asymmetry direction. Three lengths of arrows reflect the rate of asymmetry: 1.
short arrow (T < 0,33), 2. medium arrow (0,33 < T < 0,66), 3. long arrow (T > 0,66). Only the substantial
morpholineaments for this study were visualized. B: Potential neotectonic blocks delineation with direction
of ground tilting.

Conclusion

The calculation of TTSF was carried out to evaluate the basin asymmetry of 5 sub-
basins of Vrbovsky Creek. Various values and directions of asymmetry show alternating
migration of streams along the basins.

As the basin asymmetry is considered to reflect the ground tilting, totally 13 potential
neotectonic blocks were identified. Regarding the low rate of asymmetry and possible
lithological control over the stream migration, only 2 blocks in SE part of the study area can
be considered as less credible.
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