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MAPPING BEAUFORT SEA TOPOGRAPHY AND GEOPHYSICAL
SETTINGS USING HIGH-RESOLUTION GEOSPATIAL DATA AND GMT

Polina Lemenkova
Abstract

The papers presents an integrated processing of the high-resolution
thematic data covering the area of the Beaufort Sea, a marginal sea of the Arctic
Ocean, northern Canada and Alaska. Five thematic maps of the Beaufort Sea,
Arctic Ocean are presented. The cartographic techniques were performed by
Generic Mapping Tools (GMT) scripting toolset. The methodology presents the
integration of the multi-source high-resolution thematic datasets: bathymetric
GEBCO, IBCAO, topographic GLOBE, sediment thickness GlobSed, EGM2008
geoid model, GMT vector layers and geophysical gravity model from CryoSat-2
and Jason-1. There is an agreement with the data by their inspection and analysis
of grids correlation. The bathymetric map demonstrated variations in depths with
rapidly decreasing values in the Mackenzie River coasts, depicting the basin of the
Beaufort Sea, large shelf in the Canadian Arctic Archipelago and western part
bordering the Chukchi Sea. The GDAL inspection shows that the GEBCO-based
topography ranges between -3,973 m to 2,578 m. Gravity data shows that coastal
areas in northern Canada and Alaska have values >20 mGal while the basin of the
Beaufort Sea is dominated by the lower values at -65 to -45 mGal; the data range
is from -155.097 to 366.939 mGal. The marine free-air gravity fields and geoid
data demonstrate correlation with topographic isolines of the region. The data
range for the sediment thickness is from 0.00 to 18064.53 m having maximal data
at the Mackenzie River discharge area. A comprehensive compilation of the data
on the Beaufort Sea visualized using GMT presents more insights into its
bathymetric structure and geophysical fields distribution in context of the
variability of the geological settings.

Keywords: Beaufort Sea, Arctic Ocean, GMT, cartography, data integration
Introduction

The study object is the Beaufort Sea, a marginal sea of the Arctic Ocean,
located west off the Canadian Arctic Archipelago and north off Alaska (Map 1).
The topography of the Beaufort Sea varies in its different part in northern Canada
and the U. S. A narrow strip of the coastal area has rather shallower depths (<60 m)
increasing northwards to a few kilometers. Especially shallow areas can be noted
between 180°W and 160°W in the western part of the sea and in the areas between
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numerous islands of the Canadian Archipelago. However, the central part of the
open areas of the sea (purple-colored areas on Map 2) is presented by a large
massive platform, similar to an open ocean basin, which can be noted on Map 2. In
general, the shelf of the Beaufort Sea is much narrower comparing to other shelf
areas of the Arctic Basin. Specifically, off the coast of Alaska the shelf stretches
along the mainland's bedrock. In the eastern area it continues off the northern coast
of Canada among numerous islands of the Canadian Arctic Archipelago.

Map 1: Topographic map of the Northern Canada and the U.S. Alaska based on
GLOBE. Source: author.

Topographic map of the Northern Canada and Alaska based on GLOBE DEM
GLOBE 30-arc-second (1-km) gridded DEM, Version 1.0
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The geological perspectives of the Beaufort Sea exploration is explained by
the mineral resources and reserves of its shelf area including oil and natural gas
(Ayles et al., 2002). However, the discoveries of the drilled offshore wells in the
Mackenzie Delta and beneath the seafloor mostly remain undeveloped among other
Arctic Seas, e.g. the Sverdrup Basin, and offshore Alaska (Gautier et al., 2009).
The geological structure of the seafloor in the Canadian Archipelago region can be
briefly characterized as follows. The crystalline basement surface has uplifts where
numerous islands are located. Various local depressions on the seafloor with depths
of several kilometers are stretching between a series of faults. The most extensive
depressions in the Canadian Arctic are occupied by the Hudson Bay, the Baffin
Bay and the Beaufort Sea. The basin of the Beaufort Sea is rather large in size,
merging with the basin of the Chukchi Sea in the west (Mahoney et al., 2014).
Most of its seafloor bottom is occupied by an abyssal plain with depths at 3800 m.

The geomorphology of the seafloor relief is notable by a narrow shelf that
quickly drops off into deeper water and complicated by numerous submarine
valleys. The coastal shelf area is narrow, especially near the Alaska. The main
source of the sediment inflow is presented by the Mackenzie River, which is the
longest river in Canada, entering the Beaufort Sea (Stein, 2008). The climate of the
Beaufort Sea is rather severe frozen over the most of the year. As discussed above
and assessed previously (Usher, 2002; Ayles and Snow, 2002), the Beaufort Sea
has a potential in mineral resources and environmental significance (Cobb et al.
2014; Barnes et al. 1984) which explains the actuality of its studies based on the
high-resolution data and advanced cartographic visualization, such as GMT.

Geospatial data

The importance of the geodata for quality and precision of the cartographic
mapping has been discussed (Smith, 1993; Gauger et al. 2007; Lemenkova, 2019a,
2020a). Therefore, the data were taken from a variety of the reliable sources and
included high-resolution raster grids and vector layers selected as the input raw
data. The origin of the topographic map (Map 1) is the GLOBE 30-arc-second (1-
km) gridded, global DEM with the horizontal coordinate system presented as
seconds of lat/lon referenced to WGS84. The GLOBE has been developed by the
GLOBE Task Team, created by the Committee on Earth Observation Satellites
(CEOS), NOAA (Hastings et al., 1999) with detailed technical cartographic
documentation presented by Hastings and Dunbar (1999). The coastal land areas,
shore lines, borders of rivers and national continents were derived from the GMT-
embedded vector layers (Wessel & Smith, 1996).

The bathymetric maps of the seafloor and marine areas (Map 2) was
visualized based on the 15-arc-second General Bathymetric Chart of the Oceans
(GEBCO) developed by GEBCO Compilation Group (2020) and its regional
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implementation International Bathymetric Chart of the Arctic Ocean (IBCAO)
developed by Jakobsson et al. (2008, 2012).

Map 2: Bathymetric map of the Beaufort Sea basin, Arctic. Source: author.

Batlgmetric map of the Beaufort Sea, Arctic Ocean
GEBCO/IBCAO global terrain model 15 arc sec resolution grid
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The marine gravity model (Map 3) is taken from the raster grids at Scripps
Institution of Oceanography (SIO) which are public domain raster grids of the
marine gravity anomalies computed from CryoSat-2 and Jason-1 (Sandwell et al.,
2014). The model showing geoid undulations (Map 4) was based on the Earth
Gravitational Model 2008 (Pavlis et al., 2012). The sediment thickness (Map 5) is
based on the 5-minute resolution data grid from NOAA by the World Data Service
for Geophysics (Straume et al., 2019).

Theoretical-methodical background of GMT

The research has been technically done using the Generic Mapping Tools
(GMT) scripting toolset, which is an alternative way of cartographic tools
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comparing to the traditional GIS, e.g. ArcGIS widely used in geosciences (Suetova
et al. 2005a, 2005b; Klauco et al., 2014, 2017; Lemenkova et al., 2012; Kuhn et al.
2006). The fundamental difference between the GIS and GMT consists in its
console-based approach of mapping and absence of the classic menu-based
Graphical User’s Interface (GUI), which is technically described in the existent
works (Lemenkova, 2019b, 2019c).

Map 3: Marine free-air gravity anomaly in the Beaufort Sea. Source: author.

Marine free-air gravity anomaly: Beaufort Sea, Arctic Ocean
Global gravity grid from CryoSat-2 and Jason-1, 1 min resolution
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A GMT has been developed by Paul Wessel and Walter H. F. Smith in
1988, officially releasing in 1991 (Wessel and Smith, 1991) and is being actively
and continuously developed since then (Wessel et al., 2013). The scripting methods
of GMT provide a high degree of automatization in a cartographic work which
increases both the quality and the precision of mapping due to the machine
learning approach which is progressively applied in geosciences (e.g. Schenke and
Lemenkova, 2008; Lemenkova, 2019e, 2019f).
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GMT modules and scripting approach

The main approach of GMT consists in subdivision of the cartographic
script into several tasks, where every task is being made using a special module.
For instance, a visualization of the GEBCO grid was done using a module
‘grdimage’ by a code: ‘gmt grdimage GEBCO 2019.nc -Cmyocean.cpt -
R180/270/66/83 -JM5.5i -P -1+al5+ne0.75 -Xc -K > $ps’. Within a code, the
‘GEBCO_2019.n¢’ is the name of the file. The color palette was made using
‘makecpt” module by this code: gmt makecpt -Cglobe.cpt -V -T-3973/2578 >
myocean.cpt. Here, the existing color palette ‘globe’ was stretched to the actual z-
range of this map (that is, minimal depth is -3973 m, maximal elevation is 2578
m). The same principle of the GMT syntax is explained in more details
(Lemenkova, 2019d, 2020c).

Map 4: Geoid regional model of the Beaufort Sea basin. Source: author.

Geoid regional model: Beaufort Sea, Arctic Ocean
World geoid image 2,5 minute resolution, EGM2008-WGS 84
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Data format conversion and inspection
Plotting GLOBE grid (Map 1) requires some additional explanation. Because the
original data were in gridded binary files with the elevation stored as 16-bit signed
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integer numbers, the initial step consisted in converting this file to the ‘xyz’
format, that is, a GMT *.grd extension. The conversion was done using a GMT
module ‘xyz2grd’ by the following code: ‘xyz2grd alOg -GalOGLOBE.grd -R-
180/-90/50/90 -130c -N-9999 -V -F -ZTLh’. As a result, the original file ‘al0g’
from the GLOBE tiles was converted to a GMT file with a .grd extension
‘al0GLOBE.grd’. The actual range of the topographic elevations was checked up
by the Geospatial Data Abstraction Library (GDAL), a library supporting various
tasks in processing spatial datasets (GDAL/OGR contributors 2020).

Map 5: Sediment thickness in the Beaufort Sea basin, Arctic. Source: author.
Sediment thickness in the Beaufort Sea, Arctic Ocean
GlobSed 5 arc minute grid Version 3 by NOAA World Data Service for Geophysics
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GDAL handles raster data by supporting ca. 100 raster formats. A gdalinfo
utility of GDAL was applied using the code ‘gdalinfo grid textGLOBE.grd -stats’
to check up the data range. The GLOBE is a topographic grid (without detailed
bathymetry), therefore, the actual z-data are noted as actual_range={-500,6098}.
The visualization is done using a ‘grdimage’ GMT module. The script was made
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using a combination of the GMT modules (grdimage, psscale, grdcontour,
psbasemap, pscoast, pstext, gmtlogo, psconvert) by the principle explained above.

Cartographic projections

Cartographic projections were set up by the ‘grdimage’ module. The
topographic map (Map 1) was plotted using Lambert Azimuthal projection which
was set up using commands ‘-R220/50/270/80r" (here, small ‘r’ letter means that
the extent of the map is specified by the lower left and upper right coordinates) and
then ‘-JA260/60/5.51’, which defines the standard meridian and parallel of the
coordinate grid and layout extension (5.5 inches). For other maps, the ‘-
R180/270/66/83" flag means selected region with coordinates in WESN
convention, the ‘-JM5.51” flag means visualizing a map in Mercator projection. The
extents of the geophysical maps (Map 3 and Map 4) are given until 80°N due to the
original limits of the raw data.

Data interpolation

The map of the sediment thickness (Map 5) was visualized using the
GlobSed original grid by GMT. The continuous field of the sediment thickness was
plotted using the interpolation technique, to estimate the values at the locations
where direct observations are not available. The existing locations of the original
grid GlobSed has an accurate measure at the 5 arc-minute resolution with each
node as an observation point of the sediment thickness. Knowing the coordinates
and values of the sediment thickness, these data were interpolated using
‘grdcontour' module: 'gmt grdcontour ¢cs_sed.nc -R -J -C500 -Wthinnest,gray -O -K
>> $ps'. Here, the isolines were plotted via every 500 m showing the continuous
field. Using this technique, the unknown values of the sediments at other locations
were estimated and isolines plotted. An advantage of the interpolation technique
consists in the visualized isolines on the thematic maps where a set of contour lines
is plotted to connect locations with the same values (e.g. topographic and
bathymetric showing elevation, marine free-air gravity maps and geoid).

Results of the data correlation and comparative analysis

The compiled visualization of the several thematic datasets attempts to
determine the structural trends in the central basin of the Beaufort Sea. The
integration of data on topography, bathymetry, marine free-air gravity and geoid
shows that gravity anomalies correlate with geological lineaments, crustal
structure, and seismicity at the subduction zones of the tectonic plates, which is
supported by previous studies (Bassett and Watts, 2015).

Gravity data has been used for cartographic modelling showing main field
trends of the study area: the coastal areas of the northern Canada and Alaska have
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values above 20 mGal (orange to red colored areas on Map 3) while the basin of
the Beaufort Sea is dominated by the lower values at -65 to -45 mGal (blue
colored, Map 3) and -45 to 15 (cyan to light green areas, Map 3). Selected areas
have slightly positive values from 0 to 20 mGal (yellow colors, Map 3).
Comparing the bathymetric map with the marine free-air gravity and geoid (Map 2
to 3 and 4) one can see that the isolines of the shelf areas of the Beaufort Sea are
corresponding to those of the geoid and gravity fields depicting the basin of the
sea. According to the GDAL check (gdalinfo bs_relief.nc -stats), the bathymetry
and topography in the study area ranges between -3,973 m to 2,578 m.

The map of the geoid undulations of the Beaufort Sea (Map 4) shows that
central part of the sea has values at -10 to 5 m contrasting with the southeastern
part of the study area (blue-colored region southward off Victoria Island in the
Canada Archipelago). Values of geoid undulations show the distance between the
geoid and ellipsoid where the geoid is a model of the global mean sea level to
measure precise Earth’s surface elevations analyzed to determine the depth to the
basement surface.

The values obtained from the gravity data control points in the gravity
modelling (EGM2008). The comparison of the relief map from topographic data,
gravity and geoid models and sediment thickness has been performed. The depths
at the Beaufort Sea rapidly increase from the shelf areas northwards (open Arctic
Ocean). Besides, a large shelf areas can be seen on the west part of the study area
(northward of Alaska) and in the eastern areas between the islands of the Canadian
Archipelago. The sedimentary cover has a thickness at about 1.5-2 km in the
southern part and increases to more than 4 km in the northeastern and western parts
and changes gradually in the other parts of the study area. The total data range lies
between 0 (no sediments) to 18,064 m (very thick layer) in the southern shelf areas
near the mouth of the Mackenzie River, according to the GDAL data inspection of
the NetCDF file (gdalinfo bs_sed.nc -stats).

The results of the structural trend analysis indicate that study area is
greatly affected by the two structural trends: 1) ‘south-north’ indicates shelf areas
contrasting to the open Arctic Ocean; 2) ‘east—center—west’ trend indicates
contrasting areas of shelf northward of Alaska, central part of the basin and
Canadian Archipelago. These trends are associated with the topographic variations
of the sea that in turn are caused by the geologic structure of the underlying rocks
that build it (lithology, facies, age) and specifics of the regional tectonics,
including faults and lineaments, out-of-sequence dislocations, and thrusts
(Lemenkova, 2020b, 2018).

The ‘south—north” and ‘east—center—west” topographic subdivisions can be
traced on the topographic and bathymetric maps (Map 1 and Map 2).
Topographically, this region presents a highly fragmented continental margin. The
islands of the Canadian Arctic Archipelago are presented by the uplifted blocks.
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The straits between the islands correspond to the zones of linear deflections limited
by faults.

The dominating directions of the topographic trends are meridional and
latitudinal strikes of the local minor troughs and straits. The transverse troughs
formed by straits and large fjords dissect the outer shelf of the Canadian Arctic
Archipelago in a number of the shallow banks where depths are less than 200 m,
while depths in the troughs may reach up to 300-500 m (Map 2). The connection of
the topography with geological structure can be illustrated by the crystalline
basement surface in the Canadian Arctic Archipelago which has a stepped-block
topography formed by the uplifts where numerous islands and their structural cores
are located. Other topographic forms include depressions along a series of faults
where depths reach up to several kilometers. The depression in the Beaufort Sea is
rather large in size, bordering the basin of the Chukchi Sea.

The analysis of the thematic maps of the Beaufort Sea shows general
distribution of the geophysical patterns according to their shape and amplitude and
trends of the gravity and geoid anomalies in the Canadian Arctic Archipelago. The
character of data distribution in the marine free-air gravity anomaly zones (Map 3),
geoid undulations (Map 4) and bathymetry (Map 2) mirrors geological variations
in the crystalline basement structure and rocks properties beneath the seafloor. The
sediment thickness shows clear correlation with the shelf area in general: higher
values are dominating near the coast and especially Mackenzie River, and, on the
contrary, lower values are notable in the open sea (Map 5).

Conclusion

A comprehensive compilation of the data on the Beaufort Sea visualized
using the GMT toolset presents more insights into its topographic structure and
distribution of the geophysical fields in context of the variability of the geological
settings. An integrated multi-source thematic raster data including GEBCO,
GLOBE, EGM2008, IBCAO, GlobSed and marine free-air gravity anomalies has
not been available yet in the existing literature. This paper aimed to fill in this gap
by presenting the possibilities of the data integration using scripting technologies
of GMT for visualizations of one of the Arctic Ocean regions, the Beaufort Sea.

The GMT-based interpretation of the map series (topography, bathymetry,
geophysical grids of gravity and geoid, geology, sediment thickness) included
qualitative cartographic analysis of their isolines, inspection of the geometric forms
of the geoid fields and trends in marine free-air gravity anomalies over the region
of the Beaufort Sea. The links between the different variables, visualized on the
maps, allow to perform a complex analysis and find new correlations in a spatial
analysis. Thus, the identification of the linear trends and isolines enables to find
out a correlation between the features of the geophysical phenomena (Grant &
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West, 1990): geographic locations and amplitudes of positive and negative values
within the datasets (GDAL), topographic patterns, regional extent of the isolines,
amplitude of the anomalies (marked by color palettes in the geoid or gravity grids).

A hybrid use of the thematic datasets of raster and vector formats are used
using the GMT scripting toolset. The advantage of the GMT over the traditional
GIS, such as Maplinfo, ArcGIS, QGIS or programming approaches (e.g. Klauco et
al. 2013; Lemenkova, 2020d) consists in its relational and flexible approach to the
data handling: a GMT based mapping does not require creating a GIS-project or
operating with GUI. In contrast, all the maps can be plotted using a shell script.
The GMT handles both types of formats (vector or raster) and is very useful in a
project with rapidly changing cartographic demands: projections, map extent,
adding new elements on a layout, modifying graphical elements: transparency,
fonts, symbols, converting data formats, queries via GDAL, plotting complex
legends, automatic adding a time stamp of map production, to mention a few.

Besides cartographic flexibility and open access, the scripting approach of
the GMT increases automatization of the mapping, the degree of machine learning
instead of handmade routine, speed and precision of mapping. The elements
plotted on a map are stored in a script using a GMT syntax. The scripting
principle allows to reuse the codes applied for a new map by adding variables into
the code lines and changing a regional extent. The integrated solution for the data
handling by GMT acts as a gateway between the multi-source data, format
conversion and visualization output. This paper demonstrated handling of high-
resolution data from different sources and origins processed by GMT and
presented as a series of maps: GEBCO, IBCAO, GLOBE, GlobSed, EGM2008,
GMT vector layers and gravity model from CryoSat-2 and Jason-1. Combining
such diverse datasets was made possible on a regional scale (the Beaufort Sea,
northern Canada and Alaska) through the subset of AOI from the global grids and
reformatting the original formats to a NetCDF, compatible with GMT. Besides
data aggregation, technical possibilities of GMT accelerated cartographic
workflow through automatization and simplified the process of data extraction
and visualization of geoinformation.
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APLIKACIA GIS V KONTEXTE PRIESTOROVEJ ANALYZY
ZAHRANICNEJ POLITIKY SR

Filip Sandor, Roman Najdeny, Daniel Guriiak
Abstract

The aim of this paper is a political-geographical analysis of the foreign
policy of the Slovak Republic using GIS tools. We analysed the institutional aspect
of foreign policy on the basis of the current number of diplomatic representative
offices of the Slovak Republic in the world. We used GIS tools for spatial analysis
and visualization of honorary consulate offices of the SR. In order to compare
spatial visualisation of the consulates we analyse the spatial localisation by
Gastner-Newman cartogram and Hot spots analyses. The partial aim of our paper
was the analysis of the spatial differentiation of the consulates in relation to
several attributes of the world states.

Keywords: political Geography, the foreign policy of the Slovak Republic, GIS,
honorary consulate office

Uvod

Zastupitel'ské urady $tatu tvoria zakladny pilier diplomatickej sluzby a st
esencidlnym prvkom zahrani¢nej politiky S$tatu, ktoré plnia mnoho funkcii.
Mapovanim zahranicnych tradov a ich analyzou mozno blizSie porozumiet
priestorovému aspektu zahrani¢nej politiky SR a identifikovat’ jej Specifika v
regiénoch Zeme.

V tomto prispevku analyzujeme priestorovii koncentraciu honorarnych
konzulatov, ktoré v poslednych rokoch dynamicky vzrastali na poéte. Cielom
prace je vizualizacia a nasledna analyza zahranic¢nej politiky SR ako jedného zo
smerov politickej geografie pomocou nastrojov GIS. Prostrednictvom GIS sme
identifikovali niektoré faktory vplyvajice na rozmiestenie honorarnych konzulatov
SR.

Teoreticko-metodické vychodiska

Udaje ohladne poétu a lokalizécie zastupitel'skych tradov sme ziskali z
Rocenky zahranicnej politiky SR (2019) a internetovej stranky Ministerstva
zahraniénych veci a eurdpskych zalezitosti SR (2020). Priestorovd analyza
zastupitel'skych tradov spocivala v aplikacii vybranych metod GIS. Je potrebné
poznamenat’, Ze napriek bohatej $kale nastrojov, ktoré GIS poskytuje (Bolstad 2016),
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nebolo mozné aplikovat’ naro¢nejsie metody (priestorovej) analyzy konzulatov SR
vzhl'adom k nedostupnym datam tykajucich sa aktivit jednotlivych konzulatov.

Zastupitel'ské urady SR mozno rozdelit na nasledovné typy:
vel'vyslanectva, generalne konzulaty, honorarne konzulaty, slovenské instituty a
stale misie. Popri nich SR vyuziva aj iné $pecifické zastiipenia v krajinach, ktoré z
roéznych dovodov diplomaticky neuznava (napr. Taiwan alebo Kosovo).

V SR problematiku zastupitel'skych uradov v geografickych pracach nacrtli
Grac a Slavik (2010) a Gurnak, Blazik a Marriassyova (2014). Diplomatickym
zastipenim na urovni konzulatov na priklade Lichtenstajnska sa zaoberal Stringer
(2011). Pozitivnym ekonomickym efektom =zastupitel'skych tradov na
medzinarodny obchod $tatu skiimali napriklad Bergeijk, Yakop, Groot (2011).

Priestorova diferenciacia honorarnych konzuliatov SR

Vel'vyslanectvo je najvyssia forma diplomatického zastipenia v krajine.
Pritomnost’ vel'vyslanectva v danej krajine nie je samozrejmostou a jeho zriadenie
zalezi od Sirokého spektra faktorov. Samotna pritomnost’ vel'vyslanectva ma vel’ky
vyznam nie len praktického, ale aj symbolického charakteru a v diplomacii sa
takyto akt rozumie zna¢ne pozitivne. Zriadenie vel'vyslanectva predpoklada
zvySenie politického dialogu, ekonomickych vizieb a vSestrannej spoluprace.

Z aktualnych 65 vel'vyslanectiev SR (2020) sa v Europe nachadza polovica
(36). V Azii posobi 17, v Amerike 6, v Afrike 5 a Australii 1 ambasada. Pre
porovnanie v roku 2019 mala Ceska republika 90 velvyslanectiev, Pol'sko 88,
Madarsko 86, Raktisko 80, Finsko 70. Dansko 67, frsko 66, Slovinsko 41 a Litva
40. SR je tak na 18. mieste v poéte ambasad zo vietkych §titov EU (Lowy
Institute, 2019).

Objektom analyzy v tejto $tadii st vSak menSie zastupitel'ské urady a to
honorarne konzulaty. Honorarne konzuldrne tGrady dotvaraju siet’ zastupitel'skych
uradov $tatu. Honorarni konzuli na rozdiel od generalnych konzulov mozu byt aj
obcania prijimajucich $tatov (dokonca aj obcania tretich Statov), ktori robia dobré
meno SR a angazuju sa v rozvijani vztahov danej krajiny so SR. Su to Cestné
funkcie a vykonavaju ich predovsetkym finanéne zabezpeCeni T'udia, ktori su
nejakou formou spojeni so SR (Teraz, 2018).

Najcastejsie su tieto urady lokalizované a ndpomocné v krajinach, kde SR
nemd priame diplomatické zastipenie (teda najmd ambasady). Konzularne
oddelenia st vSak aj sucastou ambasad. Preto d’al$i konzularny trad je
lokalizovany do krajiny, kde uz posobi ambasada len z dévodu pokrytia urcitého
regionu prislusného $tatu.

Pajtinka (2019) udava, ze funkcie vykonavané konzularnym tradom, su za
normalnych okolnosti prevazne ,nepolitické”, priCom zahffiaji poskytovanie
asistencie ob¢anom vysielajuceho §tatu v nuadzovych situdciach, notarske
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overovanie réznych pisomnosti a podpisov, vybavovanie cestovnych,
identifikacnych a matri¢nych dokladov ¢i vydavanie viz obcanom prijimajuceho
Statu, respektive aj tretich $tatov. Autor rovnako dodava, Ze konzularny urad moze
za istych Specifickych okolnosti, ked” z politickych dovodov absentuju
diplomatické styky medzi jeho vysielajucim a prijimajucim §tatom, neoficialne
vykonavat’ aj rézne diplomatické funkcie. Vyznamnost' honorarnych konzulatov je
zrejma aj z toho dovodu, Ze mézu posobit’ profesionalne a navyse ¢astokrat mene;j
finanéne nakladne ako ambasady. Honorarni konzuli financuju svoju ¢innost z
vlastnych zdrojov, su priamo v regiénoch a v prostredi krajiny, ¢o prindSa
neocenitelnu znalost’ regionov krajiny (Stringer, 2011). Aj preto bol vyvoj poctu
slovenskych honorarnych konzulatov velmi progresivny. Zatial' ¢o v roku 2001
mala SR 82 honorarnych konzulatov, v roku 2009 ich uz bolo 146 (Grac, Slavik,
2010) a v roku 2018 narastol na 187 v 100 krajinach sveta. Navyse je v sucasnosti
rozpracovanych d’alSich 85 honorarnych konzulatov SR (Teraz 2018). Podl'a planu
Ministerstva zahrani¢nych veci a eurdpskych zalezitosti SR v roku 2015 ma byt
pocet honorarnych konzulatov do roku 2025 celkovo 320, s dynamikou
roz§irovania 7 — 8 novych uradov roéne (MZVaEZ SR, 2019). Pre porovnanie
Ceska republika ma v stdasnosti (2018) 212 honorarnych konzulatov v 101
krajinach sveta. Najvacsia priestorova diferenciacia honorarnych konzulatov medzi
SR a CR je v lokalizacii na americkom svetadiele. Zatial' ¢o SR tam ma takmer
19 % vietkych konzulatov, CR az 31 %.

Mapa 1: Priestorové rozmiestnenie honorarnych konzuldtov SR v makroregionoch
Zeme v roku 2019

Map 1: The spatial localization of honorary consulates of the SR in the
macroregions of the Earth in 2019
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Priestorova diferenciacia tychto uradov je rovnomernejsie lokalizovana nez
pri ambasadach. Je to z dévodu snahy lokalizacie tychto Gradov aj do krajin, v
ktorych SR nema priame diplomatické zastipenie. Ako mozno vidiet, najvacsi
pocet konzulatov je pritomnych v USA (11), Turecku (10), Pol'sku (7), Rusku (7),
Rakusku (5), Francuzsku (5) a Taliansku (5). Sice najvaési pocet konzulatov je
lokalizovany do krajin s pritomnost'ou slovenskej ambasady, no az 49 krajin
(prevazne rozvojovych) je pokrytych prave len honorarnym konzulatom. Ide
napriklad o exotické krajiny ako Mauricius, Seychely, Senegal, Salvador atd’. Je
tiez zaujimavé, ze 14 zo 65 krajin so slovenskou ambasiadou nema honorarny
konzulat (prevazne krajiny mimo EU v Azii) a v 32 krajinach je lokalizovanych 2 a
viac konzularnych tradov (mapa 1, tab. 1).

Najnovsi honorarny konzulét bol otvoreny v Dzidde v Saudskej Arabii, do
ktorého SR vkladéd ,nadeje, ze pomdze spropagovat’ a prezentovat SR medzi
saudskou verejnost'ou a v podnikatel'skych kruhoch, a napomdct’ tak tomu, aby sa
Dzidda stala odrazovym mostikom dal§ieho rozvoja vztahov medzi SR a
Saudskou Arabiou” (Webnoviny, 2018).

Tab. 1: Porovnanie poctu ambasad a konzulatov podla makroregionov Zeme
v roku 2019

Table. 1: Comparison of the number of embassies and honorary consulates by the
macroregions of the Earth in 2019

Makroregion Pocet ambasad Makroregion Pocet konzulatov
Juhovychodna Eurépa 11 Islamsky svet 25
Islamsky svet 7 Zapadna Eur6pa 19
Zapadna Eurdpa 7 Latinskd Amerika 18
Vychodna Eurépa 6 Severna Amerika 17
Severna Eur6pa 5 Juhovyc'hodna 13

Europa

Subsaharska Afrika 4 Stredna Eurépa 13
Stredna Eurdpa 4 Subsaharskd Afrika 13
Juzné Eurépa 4 Juzné Eurépa 13
Juhovychodna Azia 3 Severna Eurdpa 10
Latinska Amerika 3 Juhovychodna Azia 8
Severna Amerika 3 Vychodnéa Eurdpa 7
Stredna Azia 2 Juzné Azia 7
Vychodna Azia 2 Rusko 7
Australia a Oceania 1 Australia a Ocednia 5
Juzna Azia 1 Vychodné Azia 5
Rusko 1 Stredné Azia 4
Cina 1 Cina 2

Zdroj udajov: MZVaEZ SR
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Pre porovnanie v SR posobi 82 honorarnych konzulatov (2018) povicsine
V Bratislave (vySe 57 %). Podla MZVaEZ SR by sa zahrani¢né konzulaty mali
lokalizovat' do hlavnych miest VUC (Teraz 2020). V stiéasnosti okrem Bratislavy
posobia v Kogiciach (15), Banskej Bystrici (3), Ziline (4), Presove (2) a Nitre (1).
Napriek tomu ich mozno najst napriklad aj v Trstenej (Bielorusko), Povazskej
Bystrici (Gruzinsko), v Martine (Srbsko), Zalesi (Litva), Liptovskom Mikulasi
(Pol'sko), Starej Cubovni (Rumunsko), Niznej Hutke (Seychely) ¢i vo Vranove nad
Toplou (Ukrajina). Honorarni konzuli akreditovani pre SR st po vdcSinou obc¢ania
SR. Mozno dodat, Ze snaha ziskat tito ¢estnu funkciu moze byt ¢astokrat spojena
s cielom nadobudnut’ uréité mensie diplomatické vyhody pre doty¢nu osobu.

Aplikacia GIS ako nastroj analyzy a vizualizacie zahrani¢nej politiky SR

Nastroje GIS nam poskytuju roézne pohlady na inStituciondlny aspekt
zahrani¢nej politiky SR. Pomocou Gastner-Newmanovej metody kartogramu, ktora
deformuje polygéony (krajiny) na zaklade hodnoty stanoveného atribitu (pocet
konzulatov) sme zvyraznili najvaési pocet konzulatov v krajinaich do amorfnej
mapy (mapa 2). Pri tejto metdde mozno na prvy pohlad sledovat vysokl
koncentraciu skimanych prvkov. V literature je tato metoda povazovana skor za
naucno-popularnu ako vedecku.

Mapa 2: Gastner-Newmanova metoéda kartogramu — vizualizacia priestorove;j
lokalizacie honorarnych konzulatov SR

Map 2: Gastner-Newman Cartogram method — visualization of the spatial
localization of honorary consulates of the SR
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0
-2

Zdroj udajov: MZVaEZ SR
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Hot spot analyza, respektive v nasom pripade aplikovana optimalizovana
hot spot analyza predstavuje priestorovy analyticky nastroj vychadzajaci zo
Statistiky Getis-Ord Gi*. Nastroj sluzi na identifikaciu rozmiestnenia priestorovych
zhlukov vysokych a nizkych hodnét a v naSom pripade vychadza z poctu
konzulatov v krajine pri¢om berie do ivahy najméi ich priestorové viazby. Ak je
napriklad konzuldt v regione osamoteny, tak pri pouziti tejto metédy nie je
povazovany za $tatisticky vyznamny (mapa 3). Tu mozno vidiet kontrast s realnym
stavom lokalizacie konzulatov v Latinskej Amerike alebo v Turecku, kde tieto
konzulaty sice st lokalizované vo véac¢sej miere, no vzhl'adom na S§irsi priestorovy
kontext od nich tato metdda abstrahuje. Ako mozeme sledovat’, opacna situicia je
pri konzuldtoch v strednej a zapadnej Eurdpe s vysokym absolitnym poctom
konzulatov a relativnou priestorovou blizkost'ou.

Mapa 3: Hot spot analyza honorarnych konzuldtov SR
Map 3: Hot spot analysis of honorary consulates of the SR
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Analyza konzulatov vo vzt'ahu k vybranym atribitom $tatu (HDP, hustota
zal'udnenia) potvrdzuje snahu lokalizovat’ honorarne konzulaty aj do regionov, kde
SR nema pritomna ambasadu (mapa 4). To naznacuju aj trendy v lokalizécii
konzulatov vo vztahu k vykonnosti ekonomiky. Krajiny s menSim HDP na
obyvatel'a (v roku 2018) maju zvycajne so SR menej rozvinuté vztahy a preto by
bolo vhodné a relativne menej finan¢ne nékladné rieSenie lokalizacia honorarneho
konzulatu do tychto krajin. Mozno to povazovat za prvok inicidlnej diplomacie a
kontaktu s krajinou (napr. v Afrike). Na rozdiel od vizby medzi HDP
a umiestnenim konzulatov je zavislost' lokalizacie konzulatov od hustoty
zal'udnenia $tatu (v roku 2018) mensia, no v rovnakom paradoxnom trende ako pri
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ukazovateli HDP. Ako moézeme vidiet, tak so vzrastajucou hustotou zal'udnenia,
pocet konzulatov klesa (mapa 5).

Napriek tomu, Ze SR lokalizuje honorarne konzulaty skér do krajin s
absenciou ambasady (teda zvécsa do krajin s men$im HDP na obyv.), rovnako vSak
aj do krajin, ktoré si svojou velkost'ou vyzaduju viaceré zastupitel'ské trady (napr.
USA) (Teraz 2018). V tomto kontexte je vSak zaujimavy fakt pritomnosti len
jedného konzulatu v Cine (pre porovnanie v Indii ma SR 3 konzulaty). Druhy
najvacsi pocet konzulatov po USA ma SR v Turecku, ¢o modze byt sposobené
pocetnost’ou slovenskych navstevnikov v krajine (mapa 6).

V pripade stupnia zavislosti medzi konzulatmi a navsStevnikmi zo SR
vychadza Pearsonov koeficient korelacie 0,4406 ¢o znamena miernu zavislost'. No
treba dodat, ze data k navstevnosti krajin zo SR nie s dostupné za vsetky krajiny
a eviduju sa len za organizovany cestovny ruch, ¢o povazujeme za nepostacujice.

Mapa 4: Priestorové rozmiestnenie honorarnych konzulatov SR vo vzt'ahu k HDP
na obyv. krajin sveta

Map 4: The spatial localization of honorary consulates of the SR in relation to GDP
per capita in world countries
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Mapa 5: Priestorové rozmiestnenie honorarnych konzulatov SR vo vztahu k
hustote zal'udnenia krajin

Map 5: The spatial localization of honorary consulates of the SR in relation to the
population density of world countries
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Mapa 6: Priestorové rozmiestnenie honorarnych konzulatov SR vo vzt'ahu k poétu
tuzemskych navstevnikov

Map 6: The spatial localization of honorary consulates of the Slovak Republic in
relation to the number of domestic tourists
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Zaver

Cielom prispevku bola politicko-geograficka analyza priestorovych
aspektov zahrani¢nej politiky SR na zéklade siete honorarnych konzulatov.
Upriamili sme pozornost na aplikdciu vybranych nastrojov GIS pri analyze
zahrani¢nej politiky a taktiez na vyznamnost vizualizacie do velkej miery
abstraktnej problematiky medzinarodnych vztahov. Honorarne konzulaty SR presli
dynamickym vyvojom adoposial sa poctom nestabilizovali. Predstavili sme
niektoré metody vizualizacie zahrani¢nej politiky a pokusili sme sa najst’ stivislosti
lokalizacie siete konzulatov s niektorymi atribiitmi §tatov sveta, priCom z nasich
zisteni jednoznacne vyplyva, ze lokalizacia honorarnych konzulatov SR je do istej
miery determinovana prdve nami analyzovanymi premennymi. Treba vSak
otvorene poznamenat’, ze vytvorenie a lokalizdcia konzulatov je v zahranici, tak
ako je tomu aj v SR, do istej miery podmienend Specifickymi a subjektivnymi
rozhodnutiami kompetentnych organov.
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APPLICATION OF GIS WITHIN THE SPATIAL ANALYSIS OF THE
FOREIGN POLICY OF THE SLOVAK REPUBLIC

The aim of this paper was a political-geographical analysis of the foreign
policy of the Slovak Republic using GIS tools. We analysed the institutional aspect
of foreign policy on the basis of the current number of diplomatic representative
offices of the Slovak Republic in the world.

In order to visualisation of the foreign policy of the SR we used GIS tools.
We used method such as Gastner-Newman cartogram and hot spots analyses. Each
has its own spatial specifications. Overall analysis confirms that SR concentrates
its consulates to the countries which have the Slovak embassy. Nevertheless 49
countries are covered only by the honorary consulate, which is the only one
representative office of the SR in those countries.
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We also pointed out on several factors which could affect the spatial
differentiation of Slovak honorary consulates (GDP per capita, density population
and outbound tourism of SR). However, this is just a simple overview to this
problematic and deeply research is needed. We also wanted bring some discussion
about using GIS tools to advance an analysis in political geography and especially
in the foreign policy of the country, because we are convinced, that GIS is one of
the necessary tools which can be applied for this research.
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KUBA NA ROZCESTI
Jan Veselovsky, Petr Chalupa
Abstract

Out of ignorance of the matter, we still encounter in professional political-
geographical studies with a subdued and, above all, somewhat superficial
evaluation of Cuban reality. Cuba, which underwent a completely different
historical, social and political development, was different before 1989. The
dynamic development in the period after 1989, moreover, changed it even more
qualitatively. This is particularly evident in recent years after the resignation of
Fidel Castro, the presidency of Barac Obama and the inauguration of Danald
Trump. Developments, also as a result of economic and political developments in
friendly Venezuela and in connection with the economic impact of the Covid 19
pandemic on Cuban tourism, are accelerating even more. The paper is prepared
with a synergetic approach, where we understand the social, political and
economic present as a continuation of the past development and we understand the
future as another subsequent development of the present.

Keywords: Cuba, historical, economic, social and political development, Special
period, embargo

Uvod

Stale se setkavame 1 v odbornych politicko-geografickych studiich
s ponékud povrchnim hodnocenim kubanské reality. Kuba, ktera prosla zcela jinym
- mozna lépe feceno ,specifickym® - historickym, spoleCenskym a politickym
vyvojem, byla jina uz pfed rokem 1989. Dynamicky vyvoj v obdobi po roce 1989
ji navic jesté vice kvalitativné pozménil, Toto je patrné zejména v poslednich
letech po odstoupeni Fidela Castra, po obdobi prezidentské funkce Baraca Obamy
a po nastupu do ufadu Donalda Trumpa. Vyvoj jeste¢ akceleruje v dusledku
ekonomického a politického vyvoje ve spratelené Venezuele a v souvislosti s
ekonomickymi dopady pandemie Covid 19 na kubansky cestovni ruch, ktery je

vvvvvv

Teoreticko-metodicka vychodiska
Socialni, politickou a ekonomickou soucasnost Kuby chapeme jako

pokracovani minulého vyvoje a budoucnost prognozujeme jako dal§i mozny
navazny vyvoj soucasnosti. Historicko-geografickou metodou na zakladé studia
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odborné literatury, rozborem statistickych materiala Kubanského statistického
ufadu a vlastich poznatki - od roku 1989 celkem 26 mési¢nich pobyti na Kubé -
ziskanych od pracovnikii Universidad Marta Abreu Villa Clara, v organizaci
cestovniho ruchu CUBANACAN a na Facultad de Turismo Universidad de La
Habana systematickym pfistupem feSime danou problematiku.

Obdobi do roku 1959

Uzemi Kuby bylo postupné obydleno od 4. stoleti pi. n. 1. domorodymi
indianskymi kmeny - Guanahatabeiové, Siboneiové a Tainové - se kterymi se v
roce 1492 setkal KryStof Kolumbus. V roce 1511 na vychod€ ostrova v oblasti
Baracoa bylo Diegem Velazquezem zalozeno prvni $panélské mésto (Frose, 2017).
Kuba ztstala Spanélskou kolonii po nésledujicich 400 let. Od roku 1492 Spanélska
kolonidlni nadvlada s pomoci katolické cirkve odfizla obrovské uzemi Ameriky -
na jih od jiznich hranic USA - na tii stoleti od progresivnéjSich duchovnich vlivii
Evropy. Rozhodujicim hospodaiskym ¢initelem se zde zahy stal na dlouha 1éta
velkostatkai' se svymi pfehnanymi pravomocemi. Spanélsko a Portugalsko mély
Vv té dobé silné panovniky a nedemokratické vlady podporované katolickou cirkvi,
coz se preneslo do jejich stiedoamerickych a jihoamerickych kolonii, kde se
vytvotily podminky pro vznik vyraznéjsi socialni nerovnosti.

D¢jiny Kuby jsou spojeny s boji za narodni samostatnost v letech 1868 az
1878 a kubanské revoluce vedené José Martim, ktera zacala roku 1895. V roce
1898 se vylodila na ostrové vojska USA a ve Spanélsko-americké véalce vyhnala s
Kubénci z ostrova Spanély. V letech 1898 az 1902 americké ozbrojené sily ostrov
pfimo okupovaly. Nezavisla Kuba byla vyhlasena 20. kvétna 1902. Ekonomicky
rozvoj a politiku v zemi v8ak podle tzv. Plattova dodatku k astavé USA uréovaly
Spojené staty. Tyto pfed rokem 1959 na ostrové USA vlastnily 75 % orné pudy, 90
% sluzeb a 40 % cukrovarQ. V roce 1952 napt. pracoval zemédélsky délnik jen 108
dni v roce pii sklizni titiny a zbyvajicich 257 dnt byl bez vydelku. Z poctu péti a
pul milionu obyvatelstva v produktivnim véku byl stale milion lidi bez prace.
Polovina obyvatel zila bez elektiiny, ndjem ve méstech ¢inil pres 30 % mzdy, pul
milionu lidi zilo v nuznych pfibytcich bez hygienickych zafizeni nebo pod Sirym
nebem. Chudi, kterych byla vétSina, neznali 1€karskou péci. Zisky plynuly do USA
a o vzdélani svych déti, kterych 90 % suzovali paraziti, ktefi se jim do bosych
nohou dostali ze zemé, si mohli nechat Kubanci jen zdat (Chalupa, 2002).

Objektivne je tfeba uvést, ze kapitdl USA prinesl do roku 1959 rozvoj
kubanského cukrovarnického primyslu a vybudovani infrastruktury cestovniho
ruchu, kde ovSem hotely, kasina a zabavni podniky slouzily pfedev§im americkym
movitym ob¢aniim.
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Obdobi 1959 az 1989

Je tfeba zde pfipomenout a zdiraznit, ze Kubanci si svoje vitézstvi nad
diktatorem Fulgenciou Batistou vybojovali sami a nikomu za nic nebyli po¢atkem
roku 1959 dluzni. Uz v roce 1959 odstranila Kuba analfabetismus. V témze roce
byla pfi pozemkové reformé rozdélena rolnikim statkarska pida a puada
americkych spolecnosti. Postupné doSlo ke znarodnéni bank, zmrazeni cen
najemného, cen za elektiinu a zakladni potraviny. Bytova vystavba z pocatku 60.
let a vyvlastnéni domd a bytt, které patfily Ameri¢aniim a pfisluhovactim batistova
rezimu, prakticky vyfeSilo bytovou otazku. Nové bylo ve méstech piidéleno
800 tisic byt a navic bylo jiz za prvnich deset mésicti roku 1959 pro vesnicany
postaveno 10 tisic novych domka (Chalupa, 2002a). V soucasnosti ma 93 %
obyvatel zajisténu dodavku pitné vody, 95 % zemé je elektrifikovano a 85 %
obyvatel je vlastnikem svého obydli. Socidln€¢ nejslabsi neplati za odbér vody a
maji snizené poplatky za elektiinu a najemné. Situace ve zdravotnictvi a vysokém
Skolstvi byla v zemi pocatkem 60. let minulého stoleti velmi slozita, protoze
z celkového poctu 6 286 Iékaiti jich polovina odesla do USA. Ze 157
vysokoskolskych profesorti 1ékatskych fakult jich na ostrové zustalo pouhych 16.
Nyni v zemi provadi praxi 67,5 tisic 1€kaiti a v bezplatnych Skolach pracuje 250
tisic vysokoskolsky vzdélanych pedagogli. VsSestrannd péfe je veénovana
talentované mladezi, pro kterou je ziizeno velké mnozstvi specializovanych
internatnich sportovnich a uméleckych $kol. (Chalupa, 2009).

Podpora obyvatelstva revoluéni vladé se prikazné poprvé projevila v roce
1961 pfi vojenské invazi, kterou z obavy, ze by ..., nebezpecny ekonomicky rozvoj
mohl byt klicem k socialnim a politickym zménam a nebezpecnému kulturnimu
pokroku Vv Latinské Americe, coz by narusilo americkou politiku v zdjmové
oblasti“... organizovala americkd CIA (Chalupa, 2002b).

Kubu nezlomilo ani ekonomické embargo, které od roku 1959 do roku 2007
zpusobilo zemi Skodu ptes 80 miliard dolart (Hiibelovd, Chalupa, 2012).
Politickou zménu na Kubé& nevyvolal a ani americky zakon, tzv. ,,Cuban
Adjustment Act.”, ktery podporuje ilegalni kubanskou migraci. (S ilegalnimi
pfistéhovalci na mexické hranici jedna americkd pohrani¢ni policie jako se
zlo€inci, ale pro kubanské uprchliky neplati zadnd vizova povinnost ani
ptistéhovalecké kvoty).

Az do roku 1989 se Kuba rozvijela za pomoci zemi sovétského bloku.
V roce 1989 vsak doslo k situaci, kterou Kubanci neocekavali. Témér ze dne na
den piestala byt Kuba masivné ekonomicky podporovana zemémi byvalého
sovétského bloku, které navic tvofily prakticky jediné zahrani¢ni obchodni
partnery. V pomérné kratké dobé doslo k rozpadu skoro 50 % zemédélskych
druzstev a k zaniku mnoha tovaren. Po letech se objevila nezaméstnanost a citelné
poklesla zivotni uroven obyvatelstva. Zastavila se ro¢ni dodavka 13 milionti tun
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sovétské ropy, byl prakticky ukoncen dovoz sovétskych vyrobkil (asi 80 %
importu) a byl zastaven kubansky export do SSSR (95 %). Dopravni kolaps byl
feSen dovozem pul milionu ¢inskych kol. Asi 30 tisic odstavenych traktort
nahradilo prakticky pies noc 300 tisic volskych potaht. V zemi byly zcela
zastaveny porazky skotu. Po dlouhych Iétech se objevila nezaméstnanost (vice nez
30 %), doslo k rozpadu zemédélskych druzstev a zaniku mnoha primyslovych
zavodi. Nedostatek ropy znamenal obrovské vypadky elektfiny (Chalupa,
Nemethova, Hiibelova, 2008).

Obdobi po roce 1989 - Specialni obdobi (,,Epoca especial*)

Demokrati¢ti senatofi USA Robert Torricelli z New Jersey a Robert
Graham navic v roce 1992 piedlozili zdkon, ktery nejenze zakazuje obchodovat
s Kubou, ale zdkaz se vztahuje i k dcefinym firmdm americkych obchodnikil
v zahrani¢i. V dasledku tohoto zékona, ktery je jasnym porusenim mezinarodniho
prava, zaznamenala Kuba schodek v obchodu v celkové vysi 718 miliont dolart,
z ¢ehoz 91 % ptipadalo na potraviny a na léky. Kdyz ani to Kubu nesrazilo na
kolena, byl Toriicelliho zdkon o ctyfi roky pozdéji doplnén zakonem, ktery
pripravili senatofi Dan Burton a Jesse Helms. Predlozili tzv. ,, Helms-Burton Act.
ktery zasahuje dokonce do suverenity mezinarodnich organizaci a jinych statd a
prekracuje jakékoliv pravomoci USA. Kdyby mezindrodni finan¢ni instituce napf.
poskytla uvér Kubé, USA vyhlasi proti ni sankce, coz se vztahuje na jakoukoliv
hospodaiskou pomoc nebo na jakykoliv obchod s Kubou. Ani vyrobky z tietich
zemi, které obsahuji kubanské suroviny, se nesmi dovazet do USA a americkym
manazerim a jejich rodinnym pfisluSnikiim je zakézan vstup na kubanské uzemi.
Zakon také zcela protipravné stanovi, jaké politické poméry musi na Kubé
panovat, aby byla blokada zru$ena (Chalupa, 2010).

I po rozpadu sovétského bloku, ktery Kubu ekonomicky podporoval, se do
dnesnich dni podafilo pro 1,012 miliont starobnich dichodcti zachovat penzi, pro
12 tisic osob zajistit socialni podporu a pro 325,3 tisice osob zachovat jinou formu
dichodové podpory. Na rozdil od ostatnich zemi Latinské Ameriky na Kub¢ nikdo
nehladovi, neuvidite bezdomovce a Zebrajici otrhané déti. Na kulturni a sportovni
akce se od 90. let sice jiz plati, v pfepoctu jsou to zhruba dvé koruny, ale podatilo
se zachovat, aby placend matefskd dovolend =zacinala tii mésice pied
predpokladanym porodem a trvala dale jesté 18 mésict. VSechny déti se stale rodi
Vv porodnicich a jsou ockovany proti 13 nemocem. Ma-li rodina tfi a vice déti, ma
stale narok na tfipokojovy byt zdarma. Néklady na pohieb jsou také castecné
hrazeny statem. Aby bylo mozno zajistit pro vSechny Kubance potraviny, byl na
pocatku 90. let zaveden staitem dotovany ptidélovy systém, vznikla konvertabilni
meéna, bylo povoleno soukromé podnikani a bylo umoznéno budovat podniky se
zahrani¢ni ucasti (49 %). Kdo chce, ten muze soukromé pracovat, vlastnit
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restauraci nebo ubytovaci zafizeni anebo se vénovat nékolika desitkdm rtznych
profesi (Chalupa, 2015).

Od pocatku 90. let vSak nastaly vzemi jiné vyznamnéj$i politické a
ekonomické zmény. Probéhla verejna diskuse k reformam, ktera potvrdila odpor
vétSiny obyvatelstva k neoliberalni politice. Od roku 1992 je zavedena pfima volba
poslanct z navrhi sidelné-politickych jednotek (CDR). Kiestané zacali vstupovat
do Komunistické strany a politicka otevienost se projevila uz na IV. Sjezdu KS
Kuby, kdy nova opatfeni nebyla pfijata jednomysiné. Kubanci si uvédomili, ze
vlastné poprvé ve své historii - i kdyz vlivem vné&jSich okolnosti - si sami bez
zasahll néjaké velmoci fidi svoji zemi. Kubanské ndrodni shromazdéni v srpnu
2011 schvalilo dalsi plan ekonomickych reforem, které mély omezit byrokracii
a umoznit podnikani v malém. Zménil se i systém voleb, kdy pfed volbami jsou na
vefejném shromazdéni zacastnénymi obcany navrhovani nejméné dva kandidati a
schvalen je ten, pro kterého hlasuje nejvice zucastnénych. Shromazdéni jsou
vefejné pristupna a také dale pii volbach do volebni mistnosti mohou vstoupit
nejen zahrani¢ni novinafi a cizi diplomaté, ale podivat se mohou i turisté, ktefi v té
dobé pobyvaji v zemi. Ke zvoleni musi ziskat navrzeny kandidat vice nez 50 %
platnych hlast. Nestane-li se tak, postupuji do voleb za vyssi izemni celky dva
kandidati s nejvice hlasy. Hlasovani je tajné a rovné a volebni pravo je dobrovolné.
Na zavér n&kolika kol voleb jsou zvoleni poslanci, ktefi vSak nejsou
profesionalové. Za svoji ¢innost nepobiraji poslanecky plat, ale maji jen ten, ktery
pobiraji ve svém zaméstnani. V Narodnim shromézdéni jsou zastupci vsech
uzemnich obvodut, pfiCemz jsou zvoleni - bez ohledu na pocet zde Zzijicich lidi -
dva poslanci. Nad tento pocet jsou dalsi voleni s ohledem na pocet obyvatel.
Volebni zdkon stanovi, Ze se voli poslanec na 20 tisic obyvatel anebo nad netplnou
skupinu nad 10 tisic voli¢t. Zhruba polovina poslanci musi byt navrhovana
z volebnich obvodu s potem mezi Sesti sty az tfemi tisici obyvatel, coz vytvari
dominantni lidovy prvek v kubanském zastupitelském systému. Pii kazdych
volbach se v Narodnim shromazdéni pies polovinu poslancti obméni. Ctyfikrat
ro¢né je poslanec povinen pfijit na shromazdéni vyboru lidové spravy obvodu, za
ktery byl zvolen. Tomuto obvodnimu shromazdéni je povinen jednou za svoje
volebni obdobi predlozit prehled své poslanecké cCinnosti. Kubanska tstava
umoznuje navrhovat zdkony nejen poslancim a nejvySsim statnim institucim
(Statni rada, Rada ministra, Nejvyssi lidovy soud, Generalni prokuratura), ale také
nevladnim organizacim, obyvatelim jednotlivych obvodt a vS§em ob¢antim, jejichz
navrh podpofi podpisem 10 tisic opravnénych volicd. Stejny pocet podpist je
nutny ke vzniku politické strany.

V pribéhu let byla postupné odstranéna nezaméstnanost na miru asi tfi
procenta, ale v mésicich pandemie Covid 19 v disledku zastaveni cestovniho ruchu
nezameéstnanost nartsta. Cestovni ruch se postupné rozvijel az k roku 2020 a nyni
je v problémech. Stat usiluje, aby nez by si nezaméstnani méli chodit pro podporu,
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tak zametaji ulice, sekaji travu podél silnic, sbiraji odpadky nebo pomahaji
v obchodech ukladat zbozi lidem do tasek. Do jisté miry jde o pfezaméstnanost,
kterd vsSak ucinné zabranila vzniku vyrazngjSich socialnich patologickych
problémd, které ztrata prace piinasi. Piiroda bez odpadku se stala znakem soucasné
Kuby. Za ne zcela $tastné vSak povaZujeme zruseni povinnosti pracovat pii
vlastnéni opravnéni k nadkupu dotovanych potravin a dal§iho zbozi.

Na rozdil od ostatnich zemi Latinské Ameriky se i na venkové v horach a
v méstskych Castech, tam, kde byste to ani necekali, miizete setkat s lidmi vysoce
vzdélanymi, sectélymi a s opravdu neformalni tctou ke svym mrtvym narodnim
hrdinim. Rozvijejici se obchodni spoluprace v organizaci ALBA s Venezuelou,
Bolivii, Ekvadorem, Nikaraguou a dal$imi zemémi se osvédcila, ale v soucasné
dobé v dusledku ekonomickych potizi Venezuely se také potyka s problémy. Kuba
plati za suroviny a vyrobky také vysilanim lékait, ucitelt a trenéri do téchto zemi.
Zda se to az neuvetitelné, ale za dodavky venezuelské ropy bylo za jeden rok
provedeno pres 100 tisic o¢nich operaci. Dalsi tisice o¢nich operaci umoznilo vidét
svoje déti a vnoucata Latinoamericanim z mnoha zemi Stfedni a Jizni Ameriky
(Chalupa, Schlixbierova, 2015).

13. prosince 2014 prezidenti USA Barack Obama a Kuby Raul Castro
nefekané oznamili, Ze se budou snazit o normalizaci vztahd. Z USA se vratili
zadrzovani kubansti zpravodajci a do USA se vratil véznény americky novinaf,
ktery na ostrové provadél protikubanskou cinnost. Obnovilo se letecké spojeni,
uvolnily se navstévy ptibuznych, Kuba byla vyfazena ze seznamu ,,darebackych
zemi“ a v 1ét€ nasledujiciho roku se vzijemné oteviely ambasddy obou zemi.
ZruSit embargo a navratit izemi nynéjsi zakladny Guantanamo se v té dobé
nefesilo. Problém je zejména v tom, Ze americké ekonomické embargo viici Kubé
je slozené z mnoha zakonnych predpisti a ty mize zruSit jen Federalni Kongres
Spojenych statd americkych a v ném, na rozdil od demokrata Obamy, méli tehdy
ptrevahu republikani.

Budoucnost Kuby

Americky prezident Donald Trump ohlésil po svém nastupu do prezidentské
funkce vyraznou zménu politiky otevienosti vici Kub¢, kterou nastolil jeho
predchtidce Barack Obama. Prohlasil, ze provadi zvrat ve ,zcela jednostranné
dohodé Obamovy vlady s Kubou“. Podle Trumpa je zapotiebi uzaviit novou
dohodu mezi obéma staty, ktera ,,da smysl“ a bude ,ku prospéchu kubanského
lidu*. Kubanska vlada nova opatieni odsoudila a oznacila je za prekazku v
americko-kubanskych vztazich. Nova americka politika zpiisnila opét pravidla
tykajici se cestovani a zasilani financnich prostfedkii na karibsky ostrovni stat.
Nezrusila vsak zcela diplomatické a obchodni vazby a neodstéhovala americké
velvyslanectvi v Havané.
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Generace bojovnikd ze Sierry Maestry odchazi z vefejného politického
zivota Kuby. Fidel Castro (13. 8. 1926 az 25. 11. 2016) kubansky prezident a
premiér, revolucionat a prvni tajemnik Komunistické strany Kuby neskuteéné
zménil zivot nékolika generacim. VI1adl aktivné od roku 1959, kdy byl pod jeho
vedenim svrzen general Fulgencio Batista, az do roku 2006, kdy téZce onemocnél.
V tnoru 2008 Fidel Castro rezignoval na post prezidenta a v dubnu 2011 se vzdal i
funkce prvniho tajemnika strany a v Cele Kuby stanul jeho bratr Raul Castro.
Dal$im prezidentem Kuby po Raulu Castrovi se v dubnu 2018 stal Miguel Diaz -
Canel Bermudez, ktery se narodil 20. 4. 1960 v provincii Villa Clara a v
kubanského parlamentu dostal 603 hlasti ze 604 moznych. (Vystudoval elektrické
inzenyrstvi na univerzit¢ v Las Villas. Do roku 1986 pracoval jako radista-
specialista v kubanskych ozbrojenych silach, kde doséhl hodnosti podplukovnika.
Clenem tstfedniho vedeni Komunistické strany Kuby je od roku 2003 a jeho
prohlaseni se nesou v duchu castrismu. V letech 2009 az 2012 zastaval Diaz-Canel
post ministra pro vysoké skoly, poté se stal mistopiedsedou vlady).

Raul Castro, ktery se narodil v roce 1931 zlstava $éfem vladnouci
komunistické strany do sjezdu v roce 2021.

10. dubna 2019 byla na Kubé vyhlasena nova tustava, ktera poprvé od
vzniku kubanské revoluce zavedla funkci prezidenta republiky a premiéra. V
nastalém obdobi hlavou statu i vlady tedy zistava predseda Statni rady (Consejo de
Estado, nejvyssi vedeni statu) a Rady ministrt (Consejo de Ministros, de facto
vlada), Miguel Diaz Canel. Ridi zemi se sloZitou ekonomickou situaci protoZe na
zacatku dubna 2019 USA zavedly sankce vuci spolecnostem transportujicim ropu
z Venezuely na Kubu. Od zaii 2019 se Kuba cyklicky potyka s nedostatkem
pohonnych hmot charakteristickym dlouhymi frontami u benzinovych stanic. Kuba
se v souvislosti s hospodaiskym kolapsem ve Venezuele a pfitvrzenim amerického
embarga vuci Kubé za prezidenta Trumpa nachazi v nejhorsi hospodaiské krizi od
90. let. Po dvou desectiletich relativni stability ovlivnéné dodavkami levné
venezuelské ropy se nedostatek potravin, 1ékt, spotiebniho zbozi a pohonnych
hmot stal opét vaznym problémem pro miliony Kubancu. Fiskalni deficit v
poslednich dvou letech nartsta, realné mzdy jsou vyrazné nizsi nez na konci 80.
let. Protoze nejsou penize na dovoz zbozi, vlada spoléha na zahrani¢ni investice,
jejichz pocet na papite vzrista, ale ve skutecnosti zistavaji ve valné vétsiné dosud
nerealizovany. Za poslednich 60 let nebyla Kuby schopna financovat svlij dovoz
prosttednictvim piijmu z vlastniho exportu a vytvofit tak stabilni a udrzitelny rtst
bez vyznamné pomoci ciziho statu. Kubansky statisticky tfad uvedl, ze rast HDP
v roce 2018 jen lehce piekrocil 1% a v roce 2019 dokonce poklesl na 0,5% (Tab. 1,
2). Vyznamnym pfijmem jsou remitence ze zahrani¢i (6 600 miliond USD v r.
2018), jejichz vySe je momentalné limitovana ze strany USD (1000
USD/¢tvrtleti/os) a piijmy z cestovniho ruchu, které v disledku pandemie vyrazné
klesnou. V roce 2019 podle udaji cestovni kancelafe CUBANACANu navstivilo
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Kubu 4,3 miliont turistd, ackoliv kubanska vlada na dané obdobi planovala pocet
5,1 miliond. Kanad’ané si drzi prvni pficku co do poctu turistd na Kubé, nasleduji
Kubénci zijici v zahrani¢i, dale pak turist¢é z Francie, Némecka, Mexika a
Spanélska. Projevil se pokles turistd z Evropy a naopak stoupl podet turisti
z Ruska (91619 v roce 2018, 104 300 v roce 2019). Problémem Kuby je také
zadluZenost a vypotfaddani kubanského dluhu je predmétem jednani Kuby se
zastupci véfitelskych zemi. Kubanska strana zdUraziuje, Ze si je védoma svych
zavazkl, kterym chce dostat. V roce 2014 Kubé c¢ast dluhu odpustilo
Rusko, ptedtim Cina a Mexiko. Koncem roku 2015 uzaviel Paiizsky klub (skupina
15 hlavnich véfitelt Kuby) dohodu s Kubou, na jejimz zakladé bude odpusténa
¢ast historického dluhu ve vysi 8,5 mld. USD (pUjde zejména o poplatky). Kuba
naopak ve 1huté 18 let musi uhradit 2,6 mld. USD ze samotného ptivodniho dluhu -
zaplacend cCastka bude poskytnuta piimo nebo konvertovdna do rozvojovych
projektt. V prvni poloviné€ roku 2016 Kuba postupné zacala podepisovat bilateralni
dohody o restrukturalizaci (odpusténi) ¢asti dluhu se ¢leny Patizského klubu.

Zakladni makroekonomické tdaje charakterizujici situaci uvadéji nasledujici
tabulky:

Tab. 1: Zakladni makroekonomické ukazatele za poslednich 5 let (nominalni
HDP/obyv., vyvoj objemu HDP, mira inflace, mira nezameéstnanosti). Ocekavany
vyvoj v teritoriu s akcentem na ekonomickou sféru.

Table 1: Basic macroeconomic indicators for the last 5 years (nominal GDP / capita,
development of GDP volume, inflation rate, unemployment rate). Expected
development in the territory with an emphasis on the economic sphere.

2015 2016 2017 2018 2019

HDP v b&Znych cendch | g7 135 | 91370 | 96851 | 105 836 | 106 340

(mil. USD)
Rust HDP (%) 4,4 -0,5 1,8 1,2 1,9
Inflace (%0) 4,6 4,5 55 6,9 5,6

HDP / os. (parita kupni
sily, USD)
Nezaméstnanost (%) 2,4 2,4 2,6 2,8 3,1
Zdroj dat: Economist Intelligence Unit

12334 | 12517 | 13003 | 13420 | 14083

37



Geografické informdcie / Geographical Information 24 /2020/1

Tab. 2: Vetejné finance, statni rozpocet - piijmy, vydaje, saldo za poslednich 5 let
Table 2: Public finances, state budget - revenues, expenditures, balance for the last
5 years

2015 2016 2017 2018 2019
Piijmy (% HDP) 57,4 56,5 57,4 54,5 56,4
Vydaje (%HDP) 63,4 63,3 66 62,8 62,7
Deficit (% HDP) -6 -6,8 -8,6 -8,2 -6,3
Veiejny dluh (% HDP) 40,3 42,7 46,7 48,3 51,9

Zdroj dat: Economist Intelligence Unit
Zavér

Co fici na zavér je velice slozZité protoZze Kuba je nejen svoji izolovanou
ostrovni polohou a blizkosti USA, ale pfedev§im svym historickym, politickym a
ekonomickym vyvojem zcela specifickou zemi, coz se odrazi i v mentalité
obyvatelstva. A Kuba, stejné jako ostatni zemé, prochazi permanentnim
spole¢enskym vyvojem.

Vime, ze na Kubé¢ jsou i nespokojeni lidé, kteti nemaji nejriznéjsi zbozi a
mohou také stradat. Na druhé stran€ - na rozdil od vétsiny zemi Latinské Ameriky,
kde 45 % populace, coz je asi 245 mil. obyvatel, Zije v chudobé¢, z ¢ehoz je ptes 90
% zcela nemajetnych, 60 % obyvatel nema primarni lékatfskou péci, asi polovina
nema piistup k nezdvadné vodé€, 36 % déti mladSich dvou let a 45 % dospélych trpi
podvyzivou — vSak na Kubé nikdo nehladovi, neboji se nemoci a budoucnosti
svych déti. Jsou tam, stejné jako vSude na svéte, lidé, ktefi umist'uji novou kosili
anebo novy automobil za suverenitu, anebo vySe neZ socialni spravedlnost. Zalezi
jen na Kubancich, ktefi lidé v zemi budou mit vétsinu.

Kuba je jednou z mala ze zemi svéta, ktera vidéla odchazet tii velmoci -
Spanélsko, USA a SSSR. Vsichni zanechali v zemi své dédictvi. Nezménili ale
fakt, ze Castrova revoluce zvyraznila Kubu neskute¢né na mapé svéta, zménila
k lepsimu zivot miliont Africant a zrodila nehmatatelny, ale vyrazny pocit hrdosti
lidi na sviij narod. Navstévnici si mohou v§imnout zanedbané Havany, ale urcité si
vSimnou veselosti déti, optimismu a Cistého kubanského obyvatelstva. Lidé jsou
vzdélani, vlastenecti, hrdi na svoji minulost a d&jiny své zemé. VSe je nyni v rukou
Kubancty, zalezi jen na nich, jaky dalsi osud si vyberou®....
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CUBA AT THE CROSSROADS
Summary

Cuba is not only a very specific country due to its isolated island location
and proximity to the USA, but above all its historical, political and economic
development, which is also reflected in the mentality of the population. Cuba, like
other countries, is undergoing permanent social development. Castro's revolution
highlighted Cuba unbelievably on the world map, changed the lives of millions of
Africans for the better, and gave birth to an intangible but distinct sense of people's
pride in their nation. We understand Cuba's social, political and economic present
as a continuation of the past development and we forecast the future as another
possible subsequent development of the present. Historical-geographical method
based on the study of professional literature, analysis of statistical materials of the
Cuban Statistical Office and own knowledge - since 1989 a total of 26 months in
Cuba - obtained from the staff of Universidad Marta Abreu Villa Clara, in tourism
organization CUBANACAN and Facultad de Turismo Universidad de La Habana
synergistic approach to the problem.
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ANALYSIS OF FLUVIAL SYSTEMS IN THE VICINITY OF BEZAN HILL
(LIPTOVSKA KOTLINA BASIN, WESTERN CARPATHIANS)

Ladislav Vitovi¢
Abstract

The Liptovskad kotlina Basin (LKB), as one of the intermountain basins of
the Western Carpathians, belongs to the most active regions together with the
Tatra Mts. during the neotectonic phase. It is recorded, besides other features, in
character of fluvial systems, which are frequently applied in morphotectonic
studies. Plateau terrace T-IX located on the BeZan hill, records the oldest evolution
stage of fluvial systems of the LKB. To specify the Plio-Quaternary evolution of the
western part of the LKB, sedimentological and geomorphological analysis of
fluvial systems was conducted. Man-made outcrops together with 14.5 m drilling
enabled to detect fluvial, not fluvio-limnic character of accumulation implying the
alternating influence of the Vih River and Lupcianka Stream. Spatial distribution
of deposits points to progressive shifting of the Vah River to north, whereas
tendency of the Lupcianka Stream migration towards the northeast was
subsequently changed to western direction. Neotectonic processes are considered
to control the fluvial system of the Sliacanka Stream as well.

Keywords: Western Carpathians, Liptovska kotlina Basin, fluvial system, Bezan
hill, Vah River, Cupcianka Stream

Introduction

Fluvial depositional systems in intermountain basins of the Western
Carpathians are important component of the Quaternary basin fill. Furthermore,
fluvial deposits play an important role as stratigraphic markers, which enable to
assess morphotectonic evolution of particular drainage basin. Generally, fluvial
systems can be developed in terrace or superposition sequence recording regional
uplift or subsidence (Galloway, Hobday, 1996; Maglay et al., 2011).

Analyses of fluvial systems are frequently applied in various
morphotectonic studies (e.g. Minar, Bizubova, 1994; Salvany, 2004; Rostinsky et
al., 2016; Sujan, Rybar, 2016). As the tectono-sedimentary evolution of
intermountain basins and lowlands of Western Carpathians is recorded mostly in
fluvial sediments, the investigation of their spatial distribution and character is
crucial for assessment of neotectonic evolution of the study area as well.
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Regional settings and state of the art

The Liptovska kotlina Basin (LKB), as a subunit of the Podtatranska kotlina
Basin (Mazlr, Lukni§, 1978), is considered as one of the most neotectonically
active territory of the Western Carpathians, which repeatedly subsided in relation
to adjacent mountains during the Quaternary (Halouzka et al., 1999). Neotectonic
processes controlling the evolution of the LKB are recorded in character of its
fluvial system as well. Quaternary dynamics of the western part of the LKB was
influenced by regional stress field changes. Extension oriented in NNE-SSW
direction operating during Pleistocene changed into NE-SW and E-W operating in
Holocene (Peskova, Hok, 2008). Quaternary sediments of various genesis and
thickness cover the Paleogene basement of the LKB formed by flysch Subtatric
Group (Gross, 1979).

In the vicinity of Bezan hill (Map 1), fluvial systems of three rivers
(streams) occur: the Vah River, the Cupéianka Stream and the Sliacanka Stream.
River terraces are developed along the Vah River, whereas terraced alluvial fans
are developed along its tributaries.

The highest river terrace of the Vah River is preserved on the Bezan hill (670
m as.l., Figure 1, 2). Based on its relative elevation (~155 m) and general
morphoposition within the fluvial system, the terrace remnant was within the terrace
system of the Western Carpathians (Halouzka, 1986) assigned to terrace T-IX
(Vitovi¢, Minar, 2018). Traditionally, terrace T-1X, termed as plateau terrace is
considered to record the Early Pleistocene evolution of the river valleys (Halouzka,
1986; Maglay et al., 2011). Based on relative elevation, the accumulation on the
Bezan (“Beran® during that times) was correlated with Haje hill (~176 m rel.,),
situated south of the Liptovska Mara dam (Map 1 B) by Vitasek (1932). However,
the presence of terrace sediments on Haje hill (714.5 m a.s.l.) wasn’t proved.

Opinions on the thickness of the terrace remnant accumulation significantly
vary, from estimation of ~30 m (Vaskovsky, 1980) and detection by excavating
~18 m (Droppa, 1970), to precise drill-inferred assessment of 11 m (Palenik,
1988). Therefore, estimations of the value of relative elevation of terrace base were
various as well (e.g. Droppa, 1964, 1970).

The accumulation of this terrace remnant was traditionally considered to
have a fluvio-limnic origin, which records the pre-Quaternary (Pliocene) stage of
evolution of the LKB (e.g. Gross, 1979; Vaskovsky, 1980). In order to specify the
chronology and character of tectono-sedimentary evolution of the LKB, the 14.5 m
deep core drilling in plateau terrace T-I1X, associated with geomorphological and
sedimentological analysis was carried out (Figure 3, 4).

The aim of the paper is to identify the evolution of the fluvial system in the
study area. However, the oldest stage of evolution of the western part of the LKB
inferred from analysis of the plateau terrace accumulation is crucial part of study.
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Methods

The analysis of the fluvial system of the study area was conducted by
compilation of the previous geological and geomorphological studies together with
own field research. The focus was put on identification of the oldest stage of
development, as there is relatively a lack of evidence resulting from small number
of preserved accumulations within the Western Carpathians.

The evaluation of spatial distribution and classification of terrace system of
the Vah River was conducted in accordance with Vitovi¢, Minar (2018). To
evaluate character of fluvial system of tributaries, inventory together with
unification of accumulations had to be carried out, regarding heterogeneous terrace
system classifications.

The initial analysis of the terrace sediments was carried out in June 2017,
when analysis of gravel material from shallow outcrop in northern part of T-1X
accumulation (Site 1, Map 1 C) was conducted (Vitovi¢, Timko, 2018). Here, the
gravel clasts (n=153) were collected from 0.5-0.7 m depth. To identify the
character of sediments from entire profile of the terrace accumulation, the core
drilling was subsequently (in August 2018) executed (Figure 3). Position of the
drilling was measured with GPS device (Garmin eTrex Touch 35), while its
altitude was inferred from digital elevation model (derived from vectorized
contours of 1:10,000 topographic map of Slovakia).

Initial sedimentological description of the drill core sediments was executed
together with geologist Dr. J. Littva. The gravel analysis in concert with Vitovic,
Timko (2018) from man-made outcrop (Figure 4) at drilling site (Site 2, Map 1 C)
was carried out as well. Here, the gravel clasts (n=115) were collected from 0.8-1
m depth. Lithology, total stage of weathering and stage of roundness of the
gravelly fraction of granitoid and silicic material from shallow outcrops (Site 1 and
2) was evaluated within this study. Granitoid clasts from both sites were compared
in total stage of weathering with other river terraces, regarding that granitoid group
of rocks is generally the most numerous within the Vah River terraces (Vitovic,
Timko, 2018). Stage of roundness (1-6) was analysed in line with Power (1953),
where 1 is very angular and 6 is well-rounded. Subsequently, the samples for
dating and further analyses were collected from selected depths of the drill core: 0
cm (surface), 50, 100, 150, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100,
1200, 1300, 1350 and 1380 cm. Within this study, the weight percentage of each
lithological group of gravely fraction (size > 10 mm), obtained by sieving, at
mentioned samples was calculated.

43



Geografické informdcie / Geographical Information 24 /2020/1

Map 1 A: Location of broader study area within Slovakia. B: Location of the study
area and drilling site within the Liptovska kotlina Basin. Settlements in the map:
LM: Liptovsky Mikulas, RK: Ruzomberok. A huge water body is Liptovska Mara
dam. C: Position of drilling site within the fluvial system of the study area. Terrace
system of the Vah River in line with Vitovi¢, Minar (2018). Terraced fans
modified according to Droppa (1964, 1970, 1972), Gross (1979) and Biely (1992).
Faults and travertines according to Gross (1979)
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Figure 1: Position of remnants of plateau terrace T-1X within the long profile of the
Vah River terrace bases. Black dots represent the base of T-lla, gray squares base
of T-Ic remnants. Segments of the valley are denoted above the profile (Arabic
numerals). Vertical lines denote tectonic faults disrupting the terraces. Modified
according to Vitovi¢, Minar (2018)
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Figure 2: View on the valley of the Vah River in the western part of the Liptovska
kotlina Basin. The Nizke Tatry Mts. are in the background
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Results

In spite of several discrepancies in classifications of terrace and terraced
fans accumulations, unification of fluvial systems was conducted. Location of the
highest terrace accumulation is in the middle of the study area, on the drainage
divide of mentioned streams and river. Thus, potential influence from all the
catchments is present. Fluvial system of the trunk river and its tributaries consists
of terraces, terraces alluvial fans and recent floodplains. The fluvial system of the
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Vah River (northern part of the study area), as a trunk river of the LKB, consists of
composite terraces preserved in 11 levels with separate bases. Within the valley
bottom, three erosional steps are developed with uniform rock base, consisting of
low terrace and two levels of Holocene floodplain (Droppa, 1964; Vaskovsky,
1980; Vitovi¢, Minar, 2018). Study area is located in the 4™ segment of the Véh
River valley (Figure 1), where mostly unpaired left-bank remnants remained
(Vitovi¢, Minar, 2018). Terraced alluvial fans are typical for the fluvial system of
the Vah River tributaries. The terraced fans of the Cupcianka Stream (eastern part
of the study area), preserved along its entire length within the LKB, are partially
interconnected with the Vah River terraces. Terraced fans of Sliacanka in
southwestern part of the study area are connected with the trunk river valley only
by relatively narrow floodplain (Gross, 1979; Littva, 2017).

Successive shift of former confluence area towards north-east can be visible
from spatial distribution of accumulations preserved along the LCupcCianka Stream,
which join the Vah River terraces north of Partizanska Cupca village (Map 1 C).
Progressive migration of Lupéianka towards the northeast was altered after
formation of right-bank terrace T-11l by shifting towards the west, resulting in
spatial distribution of terraces, where older deposits (mostly levels T-VI and
T-1Vb) are preserved on the left bank, whereas younger ones (T-111 and T-1lb) on
the right bank. The asymmetric preservation of the unpaired terraces points to
influence of neotectonic activity (ground tilting), which is partially confirmed by
Peskova, Hok (2008), Littva (2017) and Vitovi¢, Minar (2018). Tilting resulted in
terrace (T-I1l and T-llb) stepping to the west together with stream migration.
According to Droppa (1970), left-bank terrace T-1Va was removed by landslide
activity. An eastern branch of the Cupcianka Stream passing the village (Map 1 C)
is only artificially maintained (Droppa, 1970). Its valley bottom in Bezan hill
vicinity reaches 500—700 m.

The Vah River valley is controlled mostly by ENE-WSW trending fault
disrupted by younger transverse faults into several segments. Therefore,
predominantly left-bank remnants remained preserved, which is the evidence of
progressive migration of the Vah River towards the north during the Quaternary.
Width of floodplain of the Vah River in Bezan vicinity reaches 1000-1300 m.
Neotectonic activity is recorded in travertines as well (Map 1 C, Peskova, Hok,
2008; Gross, 1979, 1980).

Alluvial fans of the Sliacanka Stream are significantly limited in a wedge-
shaped depression in southwestern part of the study area. They are represented by a
uniform generation of fans classified to T-lll level. Older generations were
probably eroded. Shape of the fans was controlled by young generation of faults
resulting in their separation from the Vah River valley. Only narrow floodplain of
Slia¢anka (100-150 m) connects the trunk valley with the alluvial fans (Gross,
1979; Droppa, 1972; Littva, 2017).
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Surface altitude of the drilling site (Site 2) is 667 m a.s.l., which results in
its relative elevation 169.5 m above the recent floodplain of the Vah River. The
drilling reached the pre-Quaternary rock (Paleogene claystone) 14 m under the
surface. Thus, the value of altitude and relative elevation of the terrace base was
specified, resulting in 653.0 m a.s.l. and 155.5 m, which was consequently applied
in long profile of the terraces (Vitovi¢, Minar, 2018, Figure 1) and calculation of
regional uplift rate (Vitovic, 2018).

Figure 3: Core-drill rig at Site 2 Figure 4: View on the man-made outcrop
at Site 2 (August 2018

Source: author Source: author

Based on the macroscopic sedimentological analysis of material from
outcrops and drill core, the genesis of the terrace accumulation was evaluated as
fluvial. Deposits consist mostly of gravelly and sand fraction of a stream-bed
facies, while fine-grained sediments of floodplain facies weren’t found. No
lacustrine sediments (e.g. lacustrine clay or silt) or similar sediments with their
structure or texture (Ruzickova et al. 2003) were detected within the entire
accumulation. Therefore, a limnic or fluvio-limnic origin of the accumulation was
negated.

Position of outcrops at Site 1 and Site 2 within the accumulation differs in
its altitude and distance from the Vah River valley thalweg. Site 1 is located close
to the terrace base (~650 m a.s.l), whereas the Site 2 is close to its top (as already
mentioned). Concerning the distance, Site 1 is located ~2100 m, while Site 2
~2600 m from the thalweg. In regard with the distance of the accumulation from its
potential source, Site 2 is located on the ~65" km of the Véh River (from the Biely
Viéh River source), ~21%t km of the Cup¢ianka Stream and ~8" km of the Slia¢anka
Stream. For Lup¢ianka and Slia¢anka, Site 1 is ~500 m further than Site 2 along
the streams.

Lithology of gravel inferred from analysis from outcrops is denoted in
Graph 1. At Site 1, the most numerous are carbonates (42.6 %), silicic (27.8 %)
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and granitoid (20.0 %) rocks, whereas at Site 1 silicic (36.6 %), granitoid (29.4 %)
and metamorphic (15.7 %) rocks dominate. 5.2 % of metamorphic rocks are
represented by mylonites. The largest portion for both localities is silicic group of
rocks. The most apparent differences are in percentage of carbonate, metamorphic
and vulcanite rocks. Certain variations occur in the rest of rock types as well.

Graph 1: Lithological composition of gravel from Site 1 and 2. Numbers in
columns are referred to portions (in %). Explanation to numbers in legend, types of
rocks: 1: granitoid (granite, granodiorite), 2: silicic (quartzite, quartz and quartzite
conglomerate), 3: carbonate (limestone, dolomite), 4: sandstone (Paleogene,
Permian), 5: volcanic (paleobasalt, paleoandesite), 6: metamorphic (gneiss,
mylonite)
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The values of total stage of weathering (W) (Graph 2), inferred from gravel
analysis from outcrops, range from 349 (Site 1) to 376 (Site 2) resulting in average
value 362.5. The values of the plateau terrace are considerably higher compared to
the rest of terraces.

Graph 2: The total stage of weathering of the Vah River terraces. Denoted range of
measured W values is based on mentioned analyses of plateau terrace. Partly
modified according to Vitovi¢, Timko (2018)
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There are differences in stage of roundness of granitoid clasts from Site 1
and Site 2 (Graph 3 and 4). Increased portion of more rounded clasts assigned to
class 4 and 5 can be found at Site 1, whereas significantly higher portion of more
angular clasts assigned to class 2 is at Site 2. It follows, that generally better
rounded clasts occur at Site 1, which indicates a longer transport of gravel.

Differences in stage of roundness of silicic clasts from Site 1 and Site 2
(Graph 5 and 6) occur as well. Differences between Site 1 and Site 2 have very
similar tendency compared to granitoid gravel. Thus, more rounded silicic clasts
occur at Site 1, whereas more angular clasts can be found at Site 2.

Graph 3: Percentage of granitoid rocks (n=45) in selected classes of roundness
from Site 1
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Graph 4: Percentage of granitoid rocks (n=23) in selected classes of roundness
from Site 2

40

30

20

10

]

portion of clasts [%]

3 4
stage of roundness

Graph 5: Percentage of silicic rocks (n=52) in selected classes of roundness from
Site 1
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Graph 6: Percentage of silicic rocks (n=32) in selected classes of roundness from
Site 2
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Based on depth-related variations of lithological composition inferred from
analysis of drill core sediments (Graph 7), three considerable trends can be
outlined.

Graph 7: Lithological composition of terrace gravel inferred from drill core
analysis. Numbers in columns are referred to portions (in %). Explanation to
numbers in legend, types of rocks: 1: granitoid (granite, granodiorite), 2: silicic
(quartzite, quartz and quartzite conglomerate), 3: carbonate (limestone, dolomite),
4: sandstone (Paleogene, Permian), 5: volcanic (paleobasalt, paleoandesite), 6:
metamorphic (amphibolite, green schist)
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At first, a very low portion (compared to gravel analyses according to
Vitovi¢, Timko (2018)) of metamorphic rocks is present in this part of
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accumulation. Metamorphic rocks were detected only in depth of 600, 1100 and
1200 cm with maximum 1.8 %. Secondly, portion of granitoid, silicic, carbonate
and sandstone rocks significantly changes with depth. The highest portion of
granitoids is in the uppermost (from surface to 300 cm) and lowermost (from 1100
cm to the base) layer. In the middle part (400-1000 cm), the carbonates are in
contrary in predominance; with the maximum ~83 % in 400 cm depth. Similar
trend to granitoids can be visible in silicic rocks as well. The highest portion of
sandstones occurs in depth around 700-1000 cm. The third trend is associated with
volcanic rocks, which were detected mostly in the lowermost part (from 1100 cm
to the base) represented by ~4-13 % portion. They occur rarely and only in low
portion (< 0.6 %), in middle and upper part as well.

Lower part of the accumulation is presumed to be influenced mainly by the
Vah River, whereas the higher parts of accumulation were influenced mostly by
the tributary(ies), as it is evidenced by lithology and stage of roundness of the
terrace gravel.

Discussion

Based on the analyses of sediments collected from outcrops and drill core,
the basic tendency of evolution of fluvial system in the plateau terrace area and
adjacent surroundings can be outlined. Morphoposition together with apparently
high stage of weathering of the T-1X accumulation can be considered as evidence
of the oldest stage of evolution of fluvial system within the study area as well as in
the LKB. A finding, that accumulation has no limnic or fluvio-limnic origin is in
line with presumption of Vitasek (1932), that development of the LKB during
Pliocene and Quaternary had terrestrial erosional character without presence of any
lake.

Considering that the differences in stage of roundness are not extremely
dissonant, the influence of the Lupcianka Stream, not the Slia¢anka Stream, is
presumed, taking into account their lengths (~21 km vs. ~8 km) and geology
settings of source areas. From the catchment of Sliacanka Stream, markedly more
angular clasts are expected. Less rounded gravel is mentioned also by Droppa
(1972). Furthermore, its catchment doesn’t reach the crystalline core of the Nizke
Tatry Mts., from which granitoids would come from. Sediments of Slia¢anka are
represented by various types of limestones, dolomites and flysch sandstones and
claystones (Droppa, 1972). Moreover, influence of the Cupéianka Stream on the
Bezan area was estimated also by Droppa (1964, 1970).

As the basic sedimentological attribute of the Vah River terraces in the LKB
is the presence of paleovulcanite rocks (Droppa 1964, 1970, Vitovi¢, Timko,
2018), their increased portion in lower part of the accumulation indicates the
predominance of the Vah River in initial stage of the terrace development. This
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was later altered by increased influence of the Lupcianka Stream, which is
recorded in considerably lowered portion of paleovulcanites and increased portion
of carbonates. A low portion of vulcanites in upper parts of terrace are presumed to
be deposited by the DLupéianka Stream as well, regarding small areals of
Cretaceous vulcanites occur in its catchment (Biely et al., 1992). Furthermore, a
very low portion of vulcanites (1 %) was detected in terrace accumulation of its
upper course (in the Nizke Tatry Mts.) as well.

Terraced fans of tributaries overlaying the Vah River terraces were detected
also in other parts of the LKB, e.g. in confluence area of the Demédnovka Stream
(Droppa, 1970, Map 1 B).

Higher content of metamorphic rocks (from which 5.2 % are mylonites)
from Site 1 in comparison with gravel from outcrop and drill core at Site 2 can
result from even stronger influence of the Vah River considering its location,
which is 500 m closer to its thalweg.

Different estimations and assessments of accumulation thickness rising
from various methods of research can be explained by indeed variable thickness as
well, resulting probably from incised paleochannel into the terrace base.
Nevertheless, an estimation of 30 m (Vaskovsky, 1980) is presumably highly
overestimated.

Regarding the terrace development of fluvial sediments, regional uplift is
considered as an important factor controlling the evolution of the study area.
However, there is morphotectonic and geological evidence (e.g. slope facets,
travertines) of relative subsidence of the LKB in relation to the Nizke Tatry Mts.
(Littva, 2017) as well.

Regarding the previous age estimations (e.g. Gross, 1979; Halouzka, 1986),
we presume that the plateau terrace preserved on the Bezan hill records the Late
Pliocene to Early Quaternary development. However, lithological composition of
terrace gravel assigned to Pliocene age in other parts of the Western Carpathians
(e.g. in the Zvolenska kotlina Basin and Ziarska kotlina Basin), is markedly
different. There, a significantly higher portion of silicic rocks (quartzites and
quartzes) occurs (Halouzka, 1998a, b), which can implies older stage of
development in comparison with Bezan hill.

The precise numerical age of the terrace T-IX still hasn’t been assessed,
regarding the samples are still being processed.

Conclusion
Evolution of fluvial systems in the western part of the LKB was studied
applying geomorphological and sedimentological approach. In the vicinity of the

Bezan hill (670 m a.s.l), fluvial systems of the Vah River and its tributaries
(Cupcianka and Sliacanka Streams) occur.
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The Vah River, as a trunk river, has developed a flight of 11 river terraces
recording fluvial and neotectonic activity in the LKB along its course. In the Bezan
hill area, plateau terrace T-1X is preserved, recording its oldest tectono-
sedimentary development. Based on sedimentological analyses of terrace gravel
from outcrops and drill core, several important features were detected.

By means of drilling, thickness of terrace accumulation together with
elevation of its base was identified, which was subsequently applied in further
research. The accumulation is 14 m thick and situated 155,5 m above recent
floodplain of the Vah River and ~96 m in relation to floodplain of the Cupcianka
Stream. Age of plateau terrace is considered to be Late Pliocene to Early
Quaternary.

Genesis of terrace sediments was, based on macroscopic sedimentological
analysis, assessed as fluvial stream-bed facies, without any presence of lacustrine
deposit. Thus, traditionally regarded fluvio-limnic origin of the accumulation was
negated. Therefore, development of the western part of the LKB during Late
Pliocene and Quaternary had terrestrial erosional-accumulation character.

Development of the terrace T-IX was mostly influenced by the Vah River,
later altered by the Cupcianka Stream, as it is recorded in stage of roundness and
lithology of gravel. Evolution of fluvial systems of the Vah River and the
Lupcianka Stream was controlled by neotectonics as it is evidenced by unpaired
preservation of accumulations gradually stepping to one direction. Regional uplift
together with ground tilting operated during their formation. Fluvial system of the
Sliacanka Stream was determined by triangular shaped depression.

Obtained results confirm the utility of applied methods, which implies
importance of continuation in more detailed revision of former geological surveys
in other parts of the Western Carpathians. In general, the most important appears
the verification of genesis and age of accumulations, consequently reflected in
interpretation of georelief evolution.

Outlined trends of evolution of fluvial systems can be used not only in
subsequent investigation of morphotectonic structure of the LKB, but in applied
scientific branches as well (Maglay, Pristas, 2004). Identified long-term tendency
of river migration can contribute to prognosis of further development of landscape
and georelief. Therefore, it can be applied in construction, infrastructure and urban
planning as well as in management of other socio-economic activities.
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VERIFICATION OF AGE OF UNPAIRED TERRACES OF THE
LUPCIANKA STREAM (NORTHERN SLOPES OF THE NiZKE TATRY
MTS., WESTERN CARPATHIANS)

Ladislav Vitovi¢
Abstract

The Lupcianka Stream, rising from the core of the Nizke Tatry Mts. (NTM),
flows to the Liptovska kotlina Basin (LKB), where it joins the Vah River valley. Its
accumulations are developed in form of terraces and terraced fans. The paper
focuses on verification of age of unpaired terraces on the contact zone between the
NTM and the LKB, as the opinions on their age differ. The procedure is based on
analysis of terrace sediments consisting of observation of lithology and stage of
weathering as well as terrace base detection. Within the field research, ~13 m
vertical difference between the terrace bases was identified. Based on applied
analyses together with previous investigations, terraces were classified as T-1Va
(left-bank) and T-111 (right-bank terrace), which is traditionally correlated with
younger Mindel and Pre-Riss. Usage of numerical dating would improve the age
verification. Neotectonic activity is recorded in morphoposition of remnants as
well.

Keywords: Western Carpathians, Nizke Tatry Mts., Lupcianka Stream, river
terrace, gravel analysis

Introduction

The Lupéianka Stream rises from the crystalline core of the Dumbierske
Tatry (western subunit of the Nizke Tatry Mts. (NTM)), in the Prasiva part (Mazur,
Lukni§, 1978) at an elevation of ~1605 m a.s.l. and flows generally towards the
north. It enters the Liptovska kotlina Basin (LKB), a subunit of the Podtatranska
kotlina Basin at an elevation of ~590 m a.s.l., where the staircase of terraced fans
on both banks is developed along its course. In general, younger generations of
terraced fans (T-11 and T-IlI) are preserved on the right bank, whereas older
generations of fans (T-1V, T-V and T-VI) cover the left bank of the valley.
Terraced fans of the Cupcianka Stream join the Vah River terraces (Droppa, 1970;
Gross, 1979).

Within this study, the focus is put on the analysis of unpaired terraces of the
Lupéianka Stream in the contact zone of the NTM and the LKB (Map 1). The
terraces are situated on both banks of the stream, from which the right-bank terrace
is situated apparently lower compared to the terrace remnant on the left-bank.
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Regional settings and state of the art

According to Regional geological subdivision of Slovakia (Vass, 1988), the
western part of the NTM belongs to the Core mountains Area and the Zone of
Dumbierske Tatry. The pre-Cenozoic basement consists of the Paleozoic basement
and Mesozoic sedimentary sequences belonging to the Veporic and Tatric Unit.
The Fatric Unit (Lower Triassic—-Middle to Upper Cretaceous) and Hronic Unit
(Carboniferous—Lower Cretaceous) nappes occur in north-western part. The
Paleogene fill of the adjacent LKB is represented by flysch Subtatric Group
(Paleocene—Oligocene) (Gross, 1979; Lexa et al., 2000).

From neotectonic point of view, the NTM, as a Quaternary horst, are in
relation to the LKB limited by margin-bounding faults, which is recorded in facets,
travertines, linearity of slopes and other features (Maglay et al., 1999; Littva,
2017). Regarding the study area is situated on the contact zone of the NTM and the
LKB, its neotectonic evolution could be controlled by regional stress field changes
of both morphostructures. The character of these changes in both units has a very
similar trend of evolution (Peskova, Hok, 2008; Littva, Hok, 2014). It is in line
with Gross (1980), who determined marginal faults of the LKB as older, while
transverse faults continuing along the valleys to adjacent mountains as younger.
Neotectonic activity of marginal and transverse faults within the study area was
estimated by Maglay et al. (2011b) and Vitovi¢, Minar (2018) as well.

Within the Western Carpathians, classification of river terraces was unified
by Halouzka (1986) and Maglay et al. (2011a). Concerning the study area, several
previous investigations of the mentioned terrace remnants were conducted.
However, opinions on the age and classification of the terraces differ. The left-
bank terrace in relative elevation 35 m was mentioned by Vitasek (1932), but
without any age estimation. Droppa (1970) classified the right-bank terrace to T-I11
(older Riss), with its base ~14 m, while the left-bank was assigned to T-1V
(younger Mindel), with the base ~37 m above the Cupc¢ianka Stream. The thickness
of the accumulation was estimated to 2-3 m (right-bank) and 2-5 m (left-bank
terrace). The measurements and classifications of Droppa (1972) and Vaskovsky
(1980) are very similar. Terraces are classified to T-1V (with base ~632-638 m
a.s.l.) and T-Ill (~610-615 m a.s.l.), resulting in relative elevation of ~35-39 m
and ~13-16 m and vertical difference between the bases ~22-23 m. Within the
marginal concern, the terraces were studied also by Gross (1979), who interpreted
their age as Riss (right-bank) and Mindel (left-bank terrace). Detailed extent of the
sediments was obtained in engineer-geological survey, but without age assessment
(Palenik, 1988). Official geological mapping was carried out by Biely et al. (1992),
who classified both terrace remnants as T-lla (younger Riss). According to Littva
(2017), character of the terrace sediments points to the identical age on both banks,
which implies neotectonic dislocation of the terrace remnants.
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Remnants of terrace T-III preserved along the DCupcianka Stream have a
stratigraphic importance too, as they connect the Vah River terraces and the glacial
deposits of distal moraine in the Nizke Tatry Mts. (Vitasek, 1932; Droppa, 1970;
Vaskovsky, 1980).

The main object of the paper is to verify the age of the terraces, represented
by their classification. Consequently, the verification of age enables to evaluate the
possible tectonic control over the unpaired terrace distribution of the studied area.

Map 1 A: Location of the Cupéianka Stream within Slovakia. B: A more detailed
view on the Lupéianka Stream and study area. Settlements in the map: LM:
Liptovsky Mikulas, RK: Ruzomberok. C: A detailed view on the studied terraces
within the study area. Position of studied terraces and faults is according to Palenik
(1988), the rest of deposits is in line with Biely et al. (1992)
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Methods

To fulfil the object of the paper, analysis of the accumulations in line with
Vitovi¢, Timko (2018) was conducted. The field research was carried out in June
2019. Besides of gravel analysis, the position of terrace bases together with
thickness of accumulation was observed as well. The terrace bases were detected in
manually excavated outcrops on both remnants (at the Site 1 and 2, Map 1 C),
whereas the thickness of accumulation was identified only on the right-bank
terrace (Site 2). To identify the position of terrace bases and surfaces, the GPS
device (Garmin eTrex Touch 35), hypsometers (Skywatch Geos 11) together with
topographic maps (1:10,000) were utilized. The altitude was derived from digital
elevation model (inferred from vectorized contours of 1:10,000 topographic map of
Slovakia) and confirmed by Google Earth-derived altitude. The thickness of
accumulation was estimated with measuring-tape.

Within the analysis of terrace gravel, selected attributes of clasts were
evaluated. To compare the accumulations, 154 clasts from the left-bank (Site 1)
and 164 clasts from the right-bank (Site 2) terrace were analysed. The clasts were
collected from 0.1-0.3 m (Site 1) and 0.7-1 m (Site 2) relative elevation from the
bases. Visual macroscopic analysis of randomly collected gravelly fraction was
conducted, based on observation of lithology as well as total stage of weathering of
granitoid clasts, regarding that granitoid group of rocks is generally the most
numerous within the Vah River terraces (Vitovi¢, Timko, 2018). To verify the
classification of terraces, comparison of total stage of weathering with the Vah
River terraces was carried out.

Results

The left-bank terrace remnant has an approximate size 450 x 100 m,
whereas the right-bank remnant 700 x 120 m. Based on mentioned approaches, the
elevation of terrace bases and surfaces was inferred (Figure 1). Elevation of the
valley bottom reaches from ~597 m a.s.l (in the vicinity of the Site 2) to ~599 m
a.s.l. (in the vicinity of the Site 1). The elevation of the right-bank terrace surface
(at the site of outcrop, Figure 2) is ~612 m a.s.l,, the base is located ~2,3 m under
the terrace edge, which results in ~13 m relative elevation of the base above the
recent valley bottom. Fluvial sediments, covered with soil (0,8 m) are ~1.5 m thick.
Considering small spatial variability in terrace morphology within the study area,
the same relative elevation of the base (~13 m) is presumed in the place of cross-
section line as well. On the left bank (Figure 3), the terrace base was detected at an
elevation of 625 m a.s.l., resulting in ~26 m relative elevation above the valley
bottom. The thickness of the accumulation wasn’t detected due to thick cover of
slope deposits. In order to depict the terrace in a cross-section, the same thickness
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of terrace deposits as on the right bank was utilised. To sum up, ~13 m the vertical
difference between the bases was estimated. The bases of both terraces are formed
by Paleogene limestone of Borové formation.

Accumulations of both terrace remnants consist mostly of gravelly and sand
fraction of a stream-bed facies, while fine-grained sediments of floodplain facies
weren’t detected. The results of partial analyses are visualized in Graph 1, 2 and 3.
Granitoid (46 %), silicic (27 %) and carbonate (19 %) rocks belong to the most
numerous groups at the Site 1. Small portion of metamorphic (5 %) and sandstone
(3 %) rocks occur as well. Metamorphic rocks are represented mostly by gneiss,
less by amphibolites. Here, small occurrence of paleovulcanites (1 %) was detected
as well. They come from very tiny areals of Cretaceous vulcanites occurring in its
catchment (Biely et al., 1992). On the opposite bank, granitoid (78 %), silicic (12
%) and carbonate (7 %) rocks are dominant as well. Portion of metamorphic (1 %)
and sandstone (1 %) rocks is reduced, whereas paleovulcanites weren’t detected at
all. Metamorphic rocks are represented by gneiss and mylonite clasts. Differences
in lithological composition are apparent (Graph 1). The most apparent difference is
in portion of granitoid, quartzite and limestones rocks. Left-bank terrace
accumulation contains lower portion of granitoid, but higher portion of all other
rock types. On the right-bank terrace, an increasement of carbonates was noticed in
lower part of accumulation closer to its base. In both accumulations, the most
numerous is granitoid group, therefore, it was applied in comparison of stage of
weathering.

The difference in the total stage of weathering (W) between the terraces is
only slight (Graph 2 and 3). The portion of rocks in selected weathering stages is
similar. The most significant difference is only in portion of second and third group
(47.7 vs. 38.0 % and 25.0 vs. 32.4 %).

Figure 1: Simplified geological cross-section of the Lup¢ianka Stream valley.
Identified vertical difference between terrace bases is ~13 m, whereas difference
inferred from previous investigations (Droppa, 1972; Vaskovsky, 1980) is ~23 m
(see Discussion)
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Graph 1: Lithology of terrace gravel. Numbers in columns are referred to portions

(in %). Explanation to numbers in legend, types of rocks: 1: granitoid (granite,

granodiorite), 2: silicic (quartzite, quartz and quartzite conglomerate), 3: carbonate

(limestone, dolomite), 4: sandstone (Paleogene, Permian), 5: volcanic (paleobasalt,
aleoandesite), 6: metamorphic (amphibolite, gneiss, mylonite)
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Graph 4: Comparison of values of total stage of weathering (W) between the Vah
River terraces (white dots) and the Lupcianka Stream terraces (colourful dots).
Modified and specified according to Vitovi¢, Timko (2018). Denoted range of
selected W values is inferred from the measurements of the Vah River terraces
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Discussion

Whereas the elevation of the right-bank terrace base detected in this study is
nearly in entire accordance with the previous measurements (Droppa, 1970, 1972;
Vaskovsky, 1980), the opinions on elevation of the left-bank terrace base markedly
differ. Moreover, the thickness of the right-bank terrace accumulation measured in
this study is in partial concert with Droppa (1970) too. Thus, discrepancies in base
elevation can arise from different approaches in measurement and field research
(terrace base detection) as well. In spite of some skills in field research (e.g.
Vitovi¢, Timko, 2018) and in detection of terrace bases (e.g. Vitovi¢, Minar, 2018),
taking into account that more measurements of the left-bank base elevation imply
its higher position (~632-638 m a.s.l.), elevation identified by this study (~625 m
a.s.l.) has a lower credibility. Therefore, more credible value of the left-bank base
elevation at Site 1 is ~638 m a.s.l., resulting in vertical difference between the
terrace bases ~23 m.

Concerning differences in lithology, they can be caused by various reasons,
e.g. by changes of source area of the stream (e.g. river piracy) or by different age
of the accumulation. With erosional rivalry between catchments of the Cupcianka
Stream and Luznanka Stream, mentioned by Littva (2017), progressing headward
erosion of the Cupcianka Stream would transport not only more granitoid rocks
(from crystalline core of the NTM), but as well as quartzites (from Luzna
Formation). Therefore, in this case, the changes of catchment source area wouldn’t
cause the significant differences in lithology. This implies that lithology variations
of the clasts could be caused rather by time-related changes. In this case, the higher
portion of silicic rocks together with lower portion of granitoid rocks would result
from selective weathering. But as it was detected by Vitovi¢, Timko (2018), the
portions of the rock types don’t always correlate with age of terrace. Moreover, the
differences in rock composition can be influenced by collection of gravel from
slightly different elevation from terrace bases at the Site 1 and 2. The attribute
which better correlates with the age of terraces is the total stage of weathering
(Vitovi¢, Timko, 2018). On the other hand, the difference in stage of weathering of
the granitoid clasts (Graph 2 and 3) is not extremely significant. In spite of that, the
W values lie within the range of selected terraces of the Vah River (Graph 4).
Values of weathering (W) of terrace T-111 ranges from 218,9 to 237,5, while values
relating to terrace T-1Va range from 240,4 to 268,9. Thus, based on the values of
total stage of weathering of the Vah River terraces, right-bank terrace can be
assigned to terrace T-1I1 (which is in concert with many of investigations), whereas
the left-bank remnant can be assigned to terrace T-IVa (identical with T-IV
according to Droppa (1970, 1972) and Vaskovsky (1980) after reclassification and
unification). In spite of the suggestion to avoid Alpine morphostratigraphy in
terrace classification (Sujan, 2015), an approximate assessment is carried out in
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deference to traditional approach within the Western Carpathians. Nevertheless, we
accept that numerical dating would considerably increase exactness of
classification. Regarding the traditional classification of river terraces of the
Western Carpathians (e.g. Halouzka, 1986), the age of the right-bank terrace
remnant (T-111) is presumed to Pre-Riss Glacial Stage, while the left-bank remnant
(T-1Va) to younger Mindel Glacial Stage. Applying Nordic stratigraphy (Halouzka,
1986; Menning, Hendrich, 2016), Pre-Riss can be correlated with Saalian complex
(Fuhne Stadial) and younger Mindel with Elsterian Complex (younger Elster).

Regarding the difference in relative elevation of the Lupcianka Stream
terrace T-III in the LKB (north of Partizanska LCupca village), which is ~11 m
(Droppa, 1970) and ~13-14 m in study area, influence of neotectonic activity along
the marginal fault is presumed. However, lower position in downstream reach can
be caused by ground tilting as well. Considering the unpaired preservation of
terraced fans along the Lupcianka Stream (Droppa, 1970; Gross, 1979), which
resulted from tectonic activity along the transverse fault continuing to the
mountains, vertical difference between terraces (~22-23 m) can be partially
controlled by neotectonics as well. Neotectonic activity of the transversal fault is
proved by presence of travertines in the NTM and the LKB (Besenova village) as
well (Kovanda, 1971; Gross 1980).

Conclusion

In current research, the analysis of unpaired terraces of the Lupcianka
Stream in the contact zone of the NTM and the LKB was carried out to verify their
age. The field research associated with the analysis of terrace sediments was
applied together with compilation of previous investigations. Based on the results
of partial analyses and regarding the previous studies of terraces and neotectonic
settings, the terrace remnants were classified as terrace T-1Va (left-bank remnant)
and T-lIl  (right-bank remnant). According to traditional  Alpine
morphostratigraphy, the terraces can be considered as record of valley bottom
development during younger Mindel Glacial Stage (left-bank) and Pre-Riss Glacial
Stage (right-bank remnant). To determine the precise age of the sediments,
numerical dating (e.g. cosmogenic nuclides method) should by applied. Attributes
of morphoposition of studied terraces are presumed to record the neotectonic
activity of marginal and transverse fault as well.
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