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ABSTRACT

Supraregional (palaeo)geoecological studies require detailed knowledge of the distribution of
aeolian sediments and their sources. Such spatial data can be visualised and shared in maps,
but often these are constrained in their resolution or extent. This is the case for the
Carpathian Basin, where cross-border maps are not detailed enough to answer many
research questions. Problems occur especially along political borders due to different
geological mapping standards and varying lithological definitions. Using a Geographic
Information System (GIS), we compiled a map showing the distribution of loess and related
Quaternary sediments in the Carpathian Basin, with unprecedented detail. We vectorised and
analysed existing data (mainly from geological maps) and combined and transferred these
into a common (loess) sediment classification system. This cross-border map shows the
distribution of aeolian sediments in the Carpathian Basin at a scale of 1:1,500,000. For the
northwestern and the southern Carpathian Basin, we added maps that clarify the extent of
late Pleistocene and Holocene terrace and floodplain deposits, which were merged in the
Main Map to highlight the predominant dust source areas for this region.
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1. Introduction
Haase et al. (2007). Recent studies on loess refer mainly

Knowledge about the regional distribution of loess
sediments is important for applied purposes in agron-
omy (soil fertility, soil erosion potential, hydrogeology)
or engineering (building ground, natural hazards).
Fundamental research on supraregional scale
palaecoenvironmental and palaeoclimatic evolution
requires a more differentiated and at the same time
unified database of the distribution of loess sediments
and their sources. However, available maps of loess
and related sediments in the Carpathian Basin often
lack detail or most commonly do not extend across
national borders encompassing parts of the basin.
This issue gets further complicated by various regional
usage of loess definitions, which is related to the com-
plex genesis of loess sediments (Spraftke & Obreht,
2016). This results in difficulties to harmonise loess
maps available from different countries or even within
the same region.

Different national maps of Quaternary deposits are
published (e.g. Gaudenyi & Jovanovic, 2011). Based on
discussions and work of the former INQUA Loess
Commission, a European loess map was published by

to this map, in spite of many methodological limit-
ations and inconsistencies. Since different terminologi-
cal and methodological foci were used, loess was only
arbitrarily mapped as Quaternary deposits in certain
areas, e.g. western Romania (Lindner, Lehmkuhl, &
Zeeden, 2017). As such, the European loess map dis-
plays several inconsistencies at national borders, such
as artificial breaks, displacements and incorrect delimi-
tated geological units or sediment types. These artificial
breaks highlight the need to simplify geodata sets from
different countries or even from different surveys
within one country (Witschas, 2005, 2007). In a recent
approach, Bertran, Liard, Sitzia, and Tissoux (2016)
generated a map of Pleistocene aeolian deposits in
Western Europe by using the Land Use and Cover
Area frame Statistical survey (LUCAS) database for
topsoil properties in Europe. This database has a
higher degree of international consistency, and was
used to extract information on loess distribution and
thickness. However, these data cannot discriminate
between different silt-dominated deposits on the land
surface.
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To overcome these issues, we compiled a new map
of loess and related sediments (aeolian sand / sandy
loess, loess derivates) that cover the Carpathian
Basin. In addition, the map also highlights the late
Pleistocene and Holocene floodplains and terraces of
the major rivers without loess cover, in order to indi-
cate some of the major source areas for aeolian sedi-
ments (Smalley et al., 2009). Our first approach to
create a map of late Quaternary sediments and in par-
ticular loess sediments relied on geological and geomor-
phological maps of the region (Lindner et al., 2017).
Lindner et al. (2017) identified the content and compo-
sition of the Romanian geological map (Ovejanu, Can-
drea, & Craciunescu, 1968, scale 1:200,000) as
problematic for this compilation and included infor-
mation from the soil map by Florea, Conea, & Mun-
teanu, 1971 for the border region of Hungary and
Romania. The work of Lindner et al. (2017) is incorpor-
ated into our updated map discussed here.

Despite some remaining limitations, which will be
discussed later, our map displays the most detailed
overview to date of loess and related sediments and
their local sources in the Carpathian Basin, as a basis
and stimulation for further research in the area. To
facilitate further improvements of this map, the used
shapefiles are available online (doi: 10.5880/
SFB806.43).

2, Study area

The Carpathian Basin is an approximately 140,000 km*
intra-montane basin in the southeastern part of central
Europe (map A and B). The basin is sometimes also
referred to as Pannonian Basin, but this term strictly
speaking refers to a late Miocene basin formation.
Therefore, we avoid this term here. The Carpathian
Basin and surrounding lowlands are characterised by
a vast occurrence of aeolian deposits including loess,
which have been studied intensively in palaeoclimato-
logical and palaeoenvironmental research (e.g. Barta,
2014; Bradak-Hayashi, Bird, Horvéth, Végh, & Csillag,
2016; Frechen, Oches, & Kohfeld, 2003; Horvath, 2001;
Novothny, Frechen, Horvath, Wacha, & Rolf, 2011;
Schatz, Qi, Siebel, Wu, & Zoéller, 2015; Stimegi, Persaits,
& Gulyas, 2012). Loess is common in this area since at
least the mid Quaternary as Pleistocene deposit of the
glacial cycles (Bronger, 1976; Horvath & Braddk,
2014; Markovic et al., 2016, 2015). The origin of aeolian
silts are global dust sources (e.g. Sahara desert, dry
shelves) but also glacial grinding of alpine glaciers and
the local source from the floodplains of the Danube
River and its tributaries. The rivers act also as local
source for sandy sediments. Based on the new map,
we give a detailed description of the study area with a
focus on loess and related sediments. Figure 1 gives an
overview of the research area including places of interest
mentioned in the article.

3. Methods
3.1. Source maps, spatial data and processing

The presented map extends the loess distribution map
by Lindner et al. (2017), which aimed to harmonise the
border region of Hungary and Romania. To cover the
Carpathian Basin completely, the geological map of
former Yugoslavia 1:500,000 (Federal Geological Insti-
tute, 1970), the geological map of former Czechoslova-
kia 1:200,000 (Fusan, Kodym, Mateijka, & Urbanek,
1960), the geomorphological map of the Autonomous
Province of Vojvodina 1:200,000 (Ko$cal, Menkovi¢,
Mijatovi¢, & Knezevi¢, 2005), and the geological map
of Austria (Vetters, 1933) were used. The Austrian
part was complemented with spatial data from the
map of Quaternary sediments and landforms provided
by Fink and Nagl (1979). Finally, a geological map of
the eastern part of Croatia (CGS, 2009; in Galovi,
2016) and geological maps of Romania (Ovejanu
et al., 1968; Sindulescu et al., 1978) were taken into
account. For some regions newer or more detailed
maps are available (e.g. Fuchs & Grill, 1984), but for
the presented purpose it is not feasible to digitise
maps with a resolution above 1:200,000.

All maps, except the one by Lindner et al. (2017) and
the data of the Czech Geological Survey (2017), were
only available as paper maps or scans. Paper maps
were scanned thoroughly in total with a resolution of
600 dpi, similar to common print resolutions. The digi-
tal raster images were georeferenced using coordinate
grids (whenever available) as well as characteristic
landmarks. The cartographic realisation of the original
maps aimed for a high readability by humans but not
machines. Therefore, all polygons of interest had to
be digitised manually.

The coordinate reference system (CRS) differs
between the original maps. For this purpose, the poly-
gons were created using the European Terrestrial
Reference System (ETRS) 1989 Lamberts Equal Area
projection, as recommended by the European Union
INSPIRE (2014). A 1l-arc-second Japan Aerospace
Exploration Agency (JAXA) Advanced Land Observ-
ing Satellite (ALOS) averaged digital surface model
(DSM) makes up the topographic base map. This glob-
ally available elevation model is based on the AW3D-
data set, which has a resolution of < 5 m. The high-res-
olution data was derived from stereographic multi-
temporal satellite imaginaries, which were stacked,
mosaicked, and validated with existing height refer-
ences. This data set was down-sampled to offer the
elevation data free of charge. The resultant DSM has
a resolution of ~ 30 m and a height accuracy of less
than 5 m and is downloadable in 1° x 1°-tiles (Tadono
et al, 2014, 2016; Takaku, Tadono, & Tsutsui, 2014;
Takaku, Tadono, Tsutsui, & Ichikawa, 2016). These
tiles were mosaicked to obtain seamless and accurate
elevation data for the study area.
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Figure 1. Overview map of the research area showing places of interest mentioned in the text. Sand regions: A — Bels6 Somogy, B -
Bacs-Kiskun, C — Nyirseg, D - Backa sands, E - Deliblato sands. Loess regions: 1 -Backa Loess Plateau, 2 - Srem Loess Plateau, 3 - Titel
Loess Plateau, 4 - Tamis loess plateau, 5 - Banat Loess Plateau, 6 — Hajduhat loess.

3.2. Generalising and merging of the geodata

The definitions of loess and related deposits differ
between the national geological nomenclatures. Loess
is commonly defined as a deposit of windblown dust,
with a specific aggregation related to post-sedimentary
processes. Loess-like sediments share this aggregation
and a dominance of silt, but are not formed solely
from aeolian dust. Loess derivates form from loess
and loess-like sediments by further alteration (Sprafke
& Obreht, 2016). In geologic mapping, the determi-
nation of loess types is not straightforward, as the gen-
esis of yellowish silty deposits is not always well
constrained. This is specifically the case when deposi-
tional processes (e.g. aeolian, fluvial, slope wash, collu-
vial/solifluction) interact. Many mapped loess deposits
may be in fact loess-like sediments with a more

complex genesis. However, since it is challenging to
distinguish between loess-like sediments and loess
derivates, we grouped both as ‘loess derivates’, in par-
ticular because loess-like sediments are only mapped in
Serbia and Croatia. In Hungarian literature, the term
‘infusion loess’ has been used to refer to waterlain
silts, which, due to sorting, often exhibit finer grain
sizes than typical loess. With loess being an aeolian
sediment, the term ‘infusion loess’ is ambiguous.
Nevertheless, these waterlain deposits may incorporate
significant amounts of windblown dust fallen into lakes
and/or redeposited as overbank deposits. Therefore, we
add the classes ‘infusion loess’ and ‘clayey loess’
(where differentiated) to ‘loess derivates’. ‘Sandy
loess’ is a transitional deposit to aeolian sand with a
bimodal distribution, with peaks in the coarse silt
and sand fraction (Koch & Neumeister, 2005).
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In order to simplify and synthesise the different
maps, several classes were combined. Table 1 provides
an overview of the digitised maps and their classifi-
cations and the classes, which we used for our map.
The final map A contains the following classes: late
Pleistocene and Holocene floodplain, loess, loess deri-
vates, aeolian sand & sandy loess, and Quaternary sedi-
ments. As the data from the map of Czechoslovakia
does not differentiate between loess and loess-loam,
we attribute both of them to the class ‘loess’. In the
region of the western former Yugoslavia, loess was
not differentiated in detail, but one can assume that
most of the mapped Quaternary is composed of loess
and loess derivates. Therefore, we added this class
here as well. Unfortunately, it was not always possible
to distinguish the loess and aeolian sands in this
map, which is why it cannot be ruled out that some
aeolian sands are included in this class of ‘Quaternary
sediments’. Map B shows the different data sources and
the extent of map A, C and D. Different authors and
geological surveys were responsible in this area, leading
to a varying degree of detail in the mapping of loess and
related Quaternary deposits.

To illustrate the spatial relation especially with
regard to the river terraces in two distinct regions, we
inserted maps C (northwestern region, mainly eastern
Austria) and D (southern region, mainly northern Ser-
bia), which show the terraces separately. The merging
of ‘late Pleistocene and Holocene floodplain and ter-
race deposits’ in the Main Map is achieved in order
to visualise the extent of late Pleistocene to early Holo-
cene braided river systems, which act as predominant
local source areas of aeolian sediments.

For Austria, we combined two maps; the map of
Vetters (1933) is more compatible and has the appro-
priate scale for our approach, but it lacks the ‘loess
derivates’ that are located in the southeast of Austria.
From the map of Fink and Nagl (1979), we added the
‘Staublehm’ (= dust loam) to our map, which is a
‘loess derivate’. Also for Slovenia and the western
part of Hungary, we included the ‘Staublehm’ distri-
bution according to Fink and Nagl (1979) as ‘loess
derivates’.

The northern margin (Czech, Slovakia, and
Ukraine) was derived from the geological map of for-
mer Czechoslovakia (Fusan et al., 1960) and from geo-
data (1:50,000; Czech Geological Survey, 2017)
provided by the Czech Geological Survey. A small
part was added based on the Austrian Geological
Map (Vetters, 1933).

For Hungary, we used the detailed map of Balogh
et al. (1956), as already published in Lindner et al.
(2017). However, we assigned the alluvial and clayey
loess to ‘loess derivates’. In addition, a small loess
area in the Hajduihat region (north of Debrecen in
northeastern Hungary) was added due to intensive
research on loess in the area.

For Romania, the data by Lindner et al. (2017) was
further complemented by information from the geo-
logical map of Romania (Sdndulescu et al., 1978). We
combined these two datasets to reduce inadequate
cross-border delimitations, especially for the Roma-
nian-Serbian border region. Figure 2 compares these
two datasets.

For Serbia, information from the geomorphological
map of the Vojvodina (Kos¢al et al.,, 2005) and the

Table 1. List of used source maps and their classifications for late Quaternary sediments. The left column indicates the classifications
used in the final map. The asterix indicates that it was difficult to distinguish between different units. Therefore, it is possible that

also aeolian sands were digitised here.

Loess and related Geological map Quaternary  Geological map Geological

Loess map of

Geomorphological

Geological map of

Eastern Croatia

wind-blown &
dune sands

Flugsande

5 aeolian sands
(aeolian sands)

aeolian sand &
sandy loess

alluvium, part. floodplain and :f;lodN:i" and
postglacial deluviofluvial LR
!‘,at,e Plelst:ce?ela: deposits sediments sediments

Pleistocene
terraces

lower river
terrace

Quaternary
sediments

alluvial loess

clayey loess alluvial fan Holocene
aeolian sand high dunes field aeolian sands aeolian sands /
sandy loess individual sand heaps Holocene
low dune fields
sandy plain caused by
eolian accumulation
alluvial fill alluvial plain . alluvium / Holocene
- Holocene in general
(Florea et al., lower river terrace
1971)

Pannonian plain

higher river terrace

previous Tamis
alluvion

Quaternary of Austria sediments of of Czechia map of for- Hungary and map of Vojvodina former Yugoslavia
sediments of Austria mer Czecho-  Romania
Carpathian Basin slovakia
1:1,500k 1:500k 1:1,000k 1:50k 1:200k 1:500k 1:200k 1:500k 1:300k

B Fink and Czech geol. Fusén et al. Lindner et al. < F. Geological Institute L
This map Vetters (1933) Nagl (1979)  survey (2017) (1967) (2017) Koscal et al. (2005) (1970) Galovic (2016)

- bottom of fluvio- loess-like sediments /
Staublehme loess derivates " . N
q marshy environment in Pleistocene

loess derivates (dust loam)

Quaternary in general
Pleistocene in general
eolian sands*

deluvium-proluvium /
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geological map of Yugoslavia (Federal Geological Insti-
tute, 1970) were combined. Although division of loess
terraces and loess plateaus is well accepted in the litera-
ture of all ex-Yugoslavian states, this division was not
considered in the geological maps of Yugoslavia,
which is most relevant for Serbia. There, so-called
loess terraces (mostly covered at the top with loess-
like sediments and loess derivates) and loess plateaus
(primary loess) are both mapped as loess. In general,
higher geomorphological features (besides mountains
and sand fields) within the Vojvodina are loess plateaus
(primary loess), whereas lower areas are loess terraces.
For the southwestern margin (Croatia, Slovenia, and
Bosnia and Herzegovina), we digitised the geological
map of former Yugoslavia, where we also added a gen-
eral class of ‘Quaternary sediments’ to supplement the
other (loess) categories. Additionally, a map presented
by Galovi¢ (2016) was digitised for eastern Croatia. For
western Croatia and Slovenia we include data from the
map of Vetters (1933). For the combination of the differ-
ent geodata, the merge-tool in ArcGIS was used. It
should be noted that we assume that digitised maps
are accurate. Although we applied a certain degree of
expert knowledge, we cannot ground-truth our data.

4. Map design

To visualise the spatial extent of loess and related sedi-
ments and their sources in the Carpathian Basin, we
decided to use a colour key comparable to the one
used by Haase et al. (2007). Major rivers and their late
Pleistocene and Holocene floodplains were inserted to
show the potential local dust sources. Cities and national
borders enable orientation in the study area.

The Main Map A contains the distribution of aeo-
lian sediments and their potential local sources. Map
B shows the extent of map A, C and D and provides
the data sources. Maps C and D differentiate the late
Pleistocene and Holocene floodplain and terraces depos-
its in the northwest and south of the Carpathian Basin.

5. Discussion of the distribution of loess and
other related Quaternary sediments in the
Carpathian Basin

Our description of loess and related sediments within
the Carpathian Basin starts in the upper and western
catchment of the Danube (Austria and Slovenia), con-
tinues clockwise to the northern margin of the Car-
pathian Basin (Czech, Slovakia and Ukraine),
followed by the central and eastern parts (Hungary
and Romania), and finally the southern areas (Serbia,
Croatia, and Bosnia and Herzegovina).

We observe that at this stage of research our map
cannot completely overcome problems related to
different definitions and mapping strategies in the var-
ious countries. For example, sandy loess is only
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mapped by the Hungarian geologists and was incor-
porated for Romania in map A based on the work of
Lindner et al. (2017). In addition, the accuracy of
some older maps is not always clear (no survey descrip-
tions, limited explanations). Thinner loess covers are
not mapped everywhere. However, the presented map
shows unprecedented differentiation and spatial resol-
ution for a loess map of this scale. The open access to
the shapefiles will allow for a flexible use and improve-
ment of this map, including perhaps further geoproces-
sing or quantitative approaches such as modelling.

5.1. The northwestern margin and beyond:
Austria and Slovenia

The Main Map A covers only eastern Austria and a
small part of Slovenia; map C focusses on this particu-
lar part of the Main Map A and differentiates the late
Pleistocene and Holocene terraces as remnants of the
main glacio-fluvial gravel plain of the last glacial
cycle, especially in the Tullnerfeld and the Vienna
Basin. Together with the area of the (Holocene) flood-
plains of the Danube River and its tributaries, these two
units comprise the most important last glacial dust
sources. As already mentioned, loess-like sediments
are common in Lower Austria, but remain to be differ-
entiated from loess in geological maps (Sprafke, 2016).
In Upper Austria and Styria / Burgenland, loess often
shows features related to postsedimentary alteration
due to moister palaeoclimate, e.g. decalcification and
hydromorphism, resulting in the differentiation of
Braunloss (brown loess) or Staublehm (dust loam),
respectively (Fink, 1956; Fink & Nagl, 1979), which
are both loess derivates. Especially the loess derivates
in southeast Austria (mainly dust loam) were to a
large extent not included in the map of Vetters
(1933), but have been included in map A discussed here.

The mapped sediment cover in Austria comprises
loess: 1210 km?, loess derivates: 778 km? aeolian
sand and sandy loess: 137 km?, floodplain: 3820 km?
and in addition (see map C) the lower terrace (as
part of floodplain in the Main Map): 11,420 km®. For
Slovenia, the numbers are as follows: loess: 4 km?,
loess derivates: 1594 km?, aeolian sand and sandy
loess: 145 km?, floodplain: 829 km? Quaternary sedi-
ments: 145 km”.

5.2. The northern margin: Czech, Slovakia and
part of western Ukraine

Loess in Czechia covers mainly lowland river basins in
Moravia. Because the original map by Fusan et al.
(1960) does not differentiate loess derivates from
loess, we cannot delimit precisely the extent of these
two classes in our map and thus both are referred to
as loess. Loess is mostly preserved on Pleistocene
river terraces (HoSek et al., 2015, 2017; Zeman et al.,
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Figure 2. Detail from the border region of Hungary, Serbia and Romania showing the different mapping results especially for Roma-
nia. For the legend of Hungary and Serbia, see map B. The floodplain shown in Map B is derived from Florea et al. (1971).

1986; Zeman, Havli¢ek, Minatikova, Ruzicka, & Fejfar,
1980); in general, the thickness of loess increases
towards the Bohemian Massif foothills in the west. In
some areas, it can reach up to 50 m. In contrast to Cen-
tral and Southern Moravia, in the northern regions,
only Upper Pleistocene loess is preserved and its thick-
ness usually does not exceed 10 m. Along a south—
north transect through the Moravian valley, a progress-
ive trend to increasing decalcification of loess is visible.
The mapped loess deposits cover an area of 3616 km®.
Aeolian sand and sandy loess represent a rather small
cover of 366 km”. Floodplain and lower river terraces
cover an area of 2029 km’.

Loess occupies an area of 6214 km? in Slovakia. The
principal accumulation areas are close to the Danube
and in the lowlands in the south. The loess thickness
can reach up to 40 m (Sajgalik & Modlitba, 1983). In
general, the loess thickness continuously decreases
towards north and east (Vaskovsky, 1977).

Within the Eastern Slovak Lowland, as well as in the
high-elevated areas of the central and northern parts of
the Western Carpathians, loess is mostly decalcified,

coarser and polygenetic and palaeosols tend to be strongly
(pseudo)gleyed (Kostalik, 1989; Sajgalik & Modlitba,
1983; Vagkovsky, 1977). Nevertheless, most of these sedi-
ments are mapped as loess. In our map, we calculated
1221 km? of aeolian sand and sandy loess and
9285 km” of late Pleistocene and Holocene floodplain.

Similar sedimentological and palaeopedological fea-
tures apply also to the loess cover of the neighbouring
Ukrainian territory. Loess and loess derivates cover
here the foothills along the lowlands of the Carpathian
Basin (Began et al., 1964). In our map we calculated an
area of 370 km? of loess and loess derivates in this part
of Ukraine. Late Pleistocene and Holocene floodplain
deposits comprise 1246 km”.

5.3. The central and eastern part: Hungary and
Romania

In Hungary, aeolian sediments are classified and
mapped in detail (cf. Balogh et al., 1956; Gaudenyi &
Jovanovic, 2011; Horvath & Braddk, 2014; Lindner
et al, 2017). Loess is mainly distributed in western



Hungary, principally south of Lake Balaton, while the
loess derivates including clayey loess and so-called
infusion loess (see Pécsi, 1973) are found along the
Tisza River.

Wind-blown sands are widely distributed. The lar-
gest and thickest accumulation lies in the middle of
the basin between the rivers Danube and Tisza, down-
wind of a fan-shaped valley system (Sebe et al., 2011).
Mapped loess and loess derivates cover areas of
13,918 km* and 14,241 km? respectively. Aeolian
sand and sandy loess add up to 21,725 km>. Late Pleis-
tocene and Holocene floodplain deposits are mapped
in an area of 18,983 km?.

In the Romanian part of the Carpathian Basin, loess
and sandy loess are mainly distributed in the Banat.
Loess and its derivates also occur subordinately on sev-
eral piedmont plains and valley terraces of the Banat
Hills and the Apuseni Mountains. Although these geo-
data are derived from soil maps and morphometric
data, literature references confirm this evaluation (e.g.
Kels et al., 2014). In western Romania only 2168 km?
are mapped as loess and 6978 km” as loess derivates.
Aeolian sand and sandy loess add up to 3899 km®
and late Pleistocene and Holocene floodplain deposits
comprise 5633 km”.

5.4. The southeastern part: Serbia

Loess in Serbia is mostly confined to the northern part
of the country. Thick loess deposits are found in the
Vojvodina province north of Belgrade. Further geo-
morphic features are two sand fields, the Backa Sands
located in the north of the Vojvodina (close to Subo-
tica, wind direction from the north and continuation
of a sand area from Hungary) and the Deliblato
Sands in the southeast of the Vojvodina (wind direc-
tion from the southeast; see Gavrilov et al., 2018). In
higher elevation, five loess plateaus are developed (see
Figure 1 for further details). The flat lowlands of the
Vojvodina are made up of river terraces and flood-
plains and are the lowest and youngest geomorphologi-
cal features in the province. Younger loess derivates
cover the terraces (see map D). As this part acts as
fluvial gravel plain of the last glacial cycle, this class
was added to the floodplain in map A. Studies on the
genesis of widespread silt covers in the lowlands are
scarce. The spatial accumulation south of the Sava
and Danube Rivers has a patchy distribution (Basarin
et al., 2011; Bosken et al., 2017; Obreht et al., 2016).

Mapped loess deposits in Serbia cover an area of
6464 km> and loess derivates comprise 11,101 km®.
Aeolian sand and sandy loess and late Pleistocene
and Holocene floodplains 1020 km* and
11,177 km?, respectively. Other Quaternary sediments
in general cover 94 km? The terraces (part of
floodplain in map A) cover an area of 4568 km? in
map D.

cover
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5.5. The southwestern margin: Croatia, Bosnia
and Herzegovina

The distribution of loess and loess derivates in the
southeastern part of the Carpathian Basin is adapted
from the maps of former Yugoslavia. According to
our map, we calculate for Croatia: loess: 1746 km?,
loess derivates: 2601 km? aeolian sand and sandy
loess: 68 km?, late Pleistocene and Holocene floodplain:
13,795 km’. In Bosnia and Herzegovina an area of
<2 km? is mapped for loess and loess derivates, while
the late Pleistocene and Holocene floodplain covers
an area of 3504 km?. Between the Sava and Drava Riv-
ers, the geological map of former Yugoslavia shows
undifferentiated Quaternary sediments, which are
included in our map as separate category and consti-
tute 4461 km®. Bognar (1979) provided information
on the distribution of loess and loess-like sediments
in Croatia. However, a map of this scale could not pro-
vide precise enough information about spatial distri-
bution of loess-like deposits especially in the hilly
zone of the Slavonia region in Northern Croatia.
Therefore, we assume that most of the mapped Qua-
ternary is comprised of loess and its derivates. These
results, however, may be validated by further geologic
mapping campaigns in the study area.

6. Conclusions

This work compiled spatial information on loess and
related sediments and their local sources in the Car-
pathian Basin, based on published maps from the
different countries of the region, which are all based
on different terminology, interpretations and mapping
strategies. The final map shows unprecedented spatial
resolution and substrate differentiation for a map of
this scale. Despite several trade-offs that were necessary
to harmonise the map units across borders; this map is
a comprehensive basis for work on palaeo-landscape
reconstructions. From this work, we can draw some
general conclusions about the distribution of loess
and related sediments and their major local sources
in the Carpathian Basin:

e Loess is mainly distributed in a wide band along the
Danube, i.e. at the northwestern part of the study
region (Czech, Austria and Slovakia), in Hungary
south of Lake Balaton, at the border between
Hungary and Serbia and in Serbia along the Danube,
Sava and Tisza rivers. In total, this is 35,711 km?.

e Loess derivates are mainly found as dust loam at the
border between Austria, Slovenia and Hungary. Fur-
thermore, in Hungary, Serbia and Romania they are
distributed along the Tisza and Danube rivers and in
the Banat region. In total, this is 37,295 km’.

e Aeolian sand and sandy loess spread mainly along
the larger rivers, e.g. south and west of the Danube.
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Large dune fields and sandy loess are located in the
central and northeastern part of Hungary between
the Danube and Tisza and in the Nyirség. In
addition, there is a large dune field in southeastern
Serbia and west of the Iron Gates. The sand distri-
bution is associated with major Pleistocene wind
directions. In total, this is 28,466km>.

e The large extent of late Pleistocene and Holocene
floodplain as major local source for aeolian sedi-
ments occurs along all greater rivers, especially the
Danube, Drava and Sava. Meandering river systems
with overbank deposition developed during inter-
glacials and warm interstadials of the Pleistocene,
and still prevail today. On the contrary, braided
river systems emerged during glacial phases of the
Pleistocene and acted as source region for the aeo-
lian sands and loess deposits. In total, this constitu-
tes 70,301 km?.

Software

Mapping, processing and statistical analysis were done
using ESRI ArcGIS 10.4.1 in focus of reproducibility
and the broad availability of this software.
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