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ABSTRACT

Geo- and palaeoecological studies in the Carpathian Basin require a detailed knowledge of the
distribution of aeolian sediments. Existing maps are not detailed enough and erroneous as a
result of the basic input data and scale used. Here we present a map showing the detailed
distribution of loess sediments in the Carpathian Basin at the border of Hungary and
Romania using a Geographic Information System and the vectorized, statistically analysed
geological map of Hungary (scale 1:300,000) and the Romanian pedological map (scale
1:500,000). Both, the Hungarian and the Romanian data sets were combined and transferred
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into a common loess sediment classification system resulting in a seamless cross-border map
showing the loess distribution in the Carpathian Basin at a scale of about 1:500,000.

1. Introduction

Palacoecological studies in the Carpathian Basin
require detailed knowledge of the distribution of
Quaternary aeolian sediments (Lehmkuhl et al,
2015; Obreht et al., 2015). The spatial distribution
of these sediments, especially loess and loess-like
sediments is usually provided in maps and geospatial
data. The first general overview of the loess distri-
bution in the Carpathian Basin was provided by Hor-
usitzky (1898), his map is still of undoubted value
although a more modern classification of sediments
is useful. The most often used loess distribution
map for this region by Haase et al. (2007) is not
detailed enough and in some parts faulty due to its
small scale, and the multinational and cross-border
source data, respectively. Therefore, some areas
with loess presence are missing and the distribution
of loess sediments is underestimated in some parts,
for example, Western Romania (Lindner, 2016).
Many of the maps presenting the distribution of
loess and other geological features in Europe display
inconsistencies at national borders or even between
different maps within one country such as displace-
ments, shifts or even abrupt delimitations of different
geological units such as loess. In fact, if geoscientific
data from different regions or countries are com-
bined, national borders in many medium- and
large-scale thematic data sets appear as artificial
breaks (cf. Nilson, Kothe, & Lehmkuhl, 2007 and
references therein). Such artificial breaks result

from the need to simplify geodata sets from different
countries or even different surveys within one
country (Witschas, 2004, 2005, 2007).

Studies discussing the palacoenvironment in the con-
text of surface sediment distribution in the Carpathian
Basin require a new and, more detailed map where
national borders do not represent changes in surface
sediment due to different mapping at a larger scale.

Our first approach was to create a map of loess dis-
tribution using geological maps of the region.
Throughout, the Hungarian geological map (Balogh
et al.,, 1956; scale 1:300,000) was detailed enough for
the presented purposes, however the Romanian geo-
logical map at a similar scale (Ovejanu, Candrea, &
Craciunescu, 1968; scale 1:200,000) did not meet
these requirements, because of the content and compo-
sition of the map. Signatures and explanations do not
allow unambiguous identification of the represented
rocks or sediments, but rather focus on age. In particu-
lar, loess and loess-like sediments are not displayed.
Instead, the map shows detailed information about
the chronostratigraphy. These cannot be related to
the needed geological and sedimentological infor-
mation required here. Due to the lack of appropriate
geological maps an alternative approach was needed.

Therefore we used soil maps from Romania, because
soil development depends on the underlying parent
material, like rocks. Some specific soils, such as Cher-
nozems, Phaeozems or Kastanozems, predominantly
develop on loess sediments. Therefore the new
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approach was to estimate the loess distribution using
the spatial extent of soils in the eastern part of the
study area. The Romanian pedological map at
1:500,000 scale (Florea, Conea, & Munteanu, 1971) is
at a comparable scale and turned out to be applicable.

As a case study region, the border area between
Hungary and Romania is chosen here to create a seam-
less map of loess and loess-like surface sediments.

2, Study area

The Carpathian Basin is an intra-montane basin in
south eastern Central Europe; it measures about 500—
600 km in diameter. It is geomorphologically and geolo-
gically delimited by surrounding Mountains. The
southern border is formed by the Dinarides, the western
by the Alps (Schoénenberg & Neugebauer, 1997). The
main study area is situated along the border between
Hungary and Romania and about 100 km in an eastern
and western direction (Figure 1). By this, the whole Hun-
garian and the eastern part of the Carpathian Basin to
the Apuseni mountain range could be examined. The
elevation of the Carpathian Basin lies between 90 and
~150 masl; the surrounding mountains reach
elevations up to 2000 m asl. The climate is rather
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continental with precipitation ranging between 450
and 600 mm in the basin. Precipitation, however, is
much higher in the surrounding mountains. The mean
annual air temperature lies between 10°C and 11°C.

The morphological formation of the Carpathian
Basin is a result of tectonic movement and corresponds
to the geological basin. During the early Quaternary,
fluvial, deltaic and marshy medium and fine grained
sandy sediments predominated, later silty and fine
grained sandy sediments also of fluvial, lacustrine and
aeolian origin played a major role (Dolton, 2006; Fold-
vary, 1988; Magyar et al.,, 2013). The accumulation of
lacustrine, fluvial and later aeolian sediments leads to
the recent predominantly flat topography of the basin.

Land use is characterized by agriculture in the lower
regions, with vineyards and forests in the foothills and
mountainous regions, respectively. The predominantly
agricultural land can be ascribed to the loess sediments
and the particularly fertile soils.

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

For mapping and modelling of the loess distribution,
primarily two maps were used as data sources: the
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Figure 1. The study area in the Carpathian Basin. Modified according to Dolton (2006).



geological map of Hungary (Balogh et al., 1956) and the
pedological map of Romania (Ovejanu et al., 1968). The
Hungarian geological map already provides detailed
information on Quaternary sediments including loess
and loess-like sediments in a practicable classification.
The similar scaled Romanian geological map does not
provide comparable information on aeolian sediments.
Quaternary sediments are displayed in 22 classes, 7 of
these represent Holocene sediments. The information
is more chronostratigraphical and does not provide use-
ful information about the rocks or sediments. Corre-
lation of stratigraphic units and possible sediments
cannot be undertaken. Therefore, here the pedological
map of Romania was used to gather information on
the parental material of the presented soils.

The Hungarian part was mapped by vectorization of
the Quaternary sediments exclusively. Aeolian sedi-
ments were adopted and subsequently reclassified
applying a modified loess sediment classification
from Koch and Neumeister (2005), see Section 3.2.
The Romanian soil map was re-evaluated by vectoriza-
tion, aiming for the creation of two layers containing
soil type and soil texture and soil feature interpretation
as follows. For quality assessment, probability classes
for the occurrence of loess were also built using the
CORINE Landcover CLC2006 data (Biittner, Kosztra,
Maucha, & Pataki, 2010; EEA, 2014) and integrated
into the calculation (Lindner, 2016).

In addition, the 1-arc-second Shuttle Radar Topo-
graphy Mission (SRTM) digital elevation data (DEM)
with a spatial ground resolution of about 26 x 26 m
was used to extract the topography. We assume that
sedimentological conditions of loess distribution (or
dust deposition) and sediment relocation are related
to relief conditions.

The modelled loess sediment deposits were also classi-
fied after Koch and Neumeister (2005). All data sets for
the Romanian part were transformed into raster format,
combined with the calculation and retransformed into
vector format. Finally, the Hungarian vector layer was
combined with the modelled layer for Romania.

When dealing with the cross-border spatial data, one
issue was transferring of the maps’ original reference
systems into a common system. This was solved by
reprojecting the maps into the European Union
INSPIRE directive’s recommended European Terrestrial
Reference System (ETRS) 1989 Lamberts Equal Area
projection to the representative scale of areas and to
ensure applicability in further projects (INSPIRE, 2014).

3.2. Classification of loess sediments

Loess and loess-like sediments are principally defined
by several characteristic features, mainly its grain size
and carbonate content. Formed by dust mobilization,
transport and deposition, it is typically formed by loes-
sification as a quasi-diagenetic process (Koch &
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Table 1. Comparison of several loess sediment classifications.

Geological map of ‘Common’

Hungary Map of loess distribution in  classification map ca.

1:3,00,000 Europe 1:2,500,000 1:500,000

Balogh et al. Haase et al., 2007 Modified after Koch
(1956) and Neumeister

(2005)

Loess Loess, >5 m Loess

Infusion loess Loess, <5 m Alluvial loess

Reworked loess Alluvial loess Loess derivatives

Clayey loess Loess derivatives (Clayey loess)

Sandy loess Sandy loess Sandy loess

Dunes Aeolian sands Sand

Sand Loess, thickness not

differentiated. Loess and
loess derivatives in
fragmentary distribution

Neumeister, 2005; Pécsi, 1990; Pye, 1995; Smalley,
Markovic, & Svircev, 2011; Sprafke & Obreht, 2016;
Stimegi, Nafradi, Molnar, & Savai, 2015).

Creating a cross-border loess map required a
classification meeting both the Hungarian and
modelled Romanian loess features. The classification
by Koch and Neumeister (2005) was adapted here, as
presented in Table 1. This approach accounts for the
genesis of loess sediments, and relates syn- and post-
sedimentary processes (specifically the development of
soils) for loess sediments with topographic conditions.
Further, it combines sedimentological criteria (specifi-
cally grain size distributions) and empirically obtained
data. The original Hungarian classification as presented
in the Hungarian geological map is too detailed for a gen-
eralized approach extrapolating aeolian sediment distri-
bution to other countries. It was summarized and
simplified using the mentioned classification of Koch
and Neumeister (2005). Additionally, the term ‘Infusion
Loess’ was changed to alluvial loess as suggested by
Stimegi et al. (2015). Alluvial or infusion loess, respect-
ively, displayed as the green patch on the Haase et al.
(2007) map, seems to be overrepresented in Hungary
and largely absent in other countries. This modified
classification was also adapted to the loess sediment
model for the Romanian part of the map.

3.3. Soil interpretation

The key challenge of this approach was the allocation of
each soil to its parent substrate, such as loess sediments,
for the Romanian part of the study area. Initially, soils
are characterized by type and texture. The soil type
determines the diagnostic or genetic properties of each
soil while the soil texture represents the composition
of grain sizes of the parent material and also gives indi-
cations of pedogenetic processes.

Loess and loess-like sediments are characterized by
quite unique geochemistry and grain size composition
(Pécsi, 1990; Pye, 1995; Smalley et al., 2011). Also, sev-
eral typical soils predominantly develop on loess
(Figure 2; Blume et al.,, 2010; Kuntze, Roeschmann, &
Schwerdtfeger, 1995).
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Figure 2. Soil formation on loess sediments (modified after Kuntze et al., 1995).

Because of the composition of the Romanian pedo-
logical map with one layer for each soil type and tex-
ture, both layers could be used as independent
indicators for the respective parental sediment.
According to this the following research was under-
taken in two phases.

First, typical soil types accompanied with loess sedi-
ments were identified. Here the soil type classification
of the German soil taxonomy was applied, because it
describes soil types from a genetic perspective (Ad-
hoc AG Boden, 2005). Through this, information on
the underlying sediment was obtained. The inter-
national standard FAO World Reference Base for Soil
Resources (WRB) taxonomy is descriptive instead
and therefore less useful in this case. However, the
WRB system was used to translate and reclassify the
soil types from the Romanian pedological map into
international standards.

All soil types of the Romanian pedological map were
transferred into the WRB system initially using Vlad
et al. (2012). If the soil types were not translated by
Vlad et al. (2012), the descriptive remarks of the Roma-
nian map’s legend were taken and compared with the
official soil mapping instructions of Ad-hoc AG
Boden (2005). If a soil type was still not identifiable
the descriptions of pedogenetical processes were inter-
preted and referred to correlating soils using Blume
et al. (2010). In most cases the final translation into
German taxonomy was done using Ad-hoc AG
Boden (2005) (Figure 3).

Thirteen major soil types could be identified and
translated in this way. These were classified into four
loess probability (LP) classes (LPO-LP3) and sand

(Table 2) in order to indicate the possibility of occur-
ring loess sediments by soil type (Lindner, 2016). For
example, Tschernozeme (WRB: Chernozems) are typi-
cal soils developing on loess sediments (Kuntze et al.,
1995) and were ascribed the highest LP value LP3.
Parabraunerden (Lessivés) often develop on loess, but
can occur on other sediments as well. Both can be
used as indicators for loess sediments, while Podsol
(Podzols) are common on sand and make the presence
of loess unlikely (Blume et al., 2010; Kuntze et al,,
1995). Additionally, Fahlerden (Albeluvisols) at the
foothills of the Banat region were identified as soils
on loess, too (Kels et al., 2014).

In a second step, the grain size distribution was
examined. Thirteen classes of grain size composition
were identified in the pedological map and transformed
to a grain size ternary diagram (Figure 4; Blott & Pye,
2012; Hartge & Horn, 1999). Typical grain size ranges
of loess sediments were taken from relevant literature
and also integrated into the diagram (Koch & Neumeis-
ter, 2005; Pécsi, 1990). The diagram was interpreted and
classified analogous to the prior LP classification.

Blending these two layers in a Geographic Infor-
mation System enabled the basic distinction of loess
sediments and sand from other rocks.

3.4. Determination of loess sediment classes by
hypsometry and morphometry

Transportation and sedimentation of dust is deter-
mined by its specific grain size, weight and also
regional atmospheric and geomorphological con-
ditions. Sand can only be horizontally transported by
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Figure 3. Process of translation of the Romanian soil map.

wind over several metres, up to kilometres, while grains
of silt or clay size can be transported in suspension over
long distances of hundreds of kilometres and more.
Also the vertical transportation is determined by size
and weight of the grains. Sedimentation of dust occurs
as dry and wet deposition (Hassenpflug, 1998;

Table 2. Soil types and LP classes.

Soil type
German Loess
taxonomy FAO WRB Explanation probability
Andosol Andosols Formation on volcanic LPO
substrate
Auenbdden Fluvisols Frequently not to LP1
separate; probably
reworked loess
Braunerden Cambisols Numerous parental LP1
substrates possible;
frequently hard rock
Gleye Gleysols Formation on several LP1
substrates possible
Lockersyrosem  Regosols Different parental LP1
substrates possible
Nassgley Gleysols See ‘Gleye’ LP1
Parabraun- Luvisols Frequently on loess, LP2
erden different substrates
possible
Podsole Podzols Frequently on sandy Sand
parental substrates
Pseudogleye Stagnosols Development out of LP2
several soils,
frequently on loess
Ranker Leptosols Mostly on weathered LPO
hard rock
Regosole Regosols Probably on aeolian LPO
sand; no assignment
by description
possible
Terra rossa Chromic Development on LPO
Cambisols limestone
Tschernozeme  Chernozems  Soil formation usually on  LP3

loess

Mahowald et al., 2014; Pye, 1995; Pye & Tsoar, 2009;
Tsoar & Pye, 1987; Washington & Wiggs, 2011).

Through these mechanisms, and basic atmospheric
conditions such as surface roughness or orographic
precipitation, transport distances can be limited for
example, at topographic barriers (Mahowald et al,
2014; Pye, 1995). Therefore a vertical zoning in grain
size sorting of aeolian sediments can be observed at
several slopes.

In order to classify the modelled loess sediments by
grain size for the Romanian part of the Carpathian
Basin, the assumption was made that atmospheric con-
ditions during sediment deposition in Romania were
comparable to those in Hungary.

Hypsometrical features of the already classified Hun-
garian sediment polygons were statistically analysed.
Therefore zonal statistics were applied for each sediment
class evaluating measures of central tendencies (mini-
mum, mean, median, standard deviation and maximum
values) ona 1-arc-second SRTM-DEM (Farr et al., 2007).
Bands of altitudes were identified and raster values corre-
sponding to these bands were isolated (Figure 5).

Deposition and fixation probably only occurs at slopes
up to the natural angle of repose, therefore slope angles
were also calculated and combined within the elevation
bands. By this, loess and loess derivatives were separated.
Assuming that deposited dust is relocated by eroding
processes, in-situ loess needed to be distinguished from
reworked loess. Therefore relative elevation changes
were calculated. The topographic position index (TPI)
and its deviation (DEV) was calculated over a cell size
of 300 x 300 m (De Reu et al., 2013; Gallant & Wilson,
2000; Weiss, 2001). Dune fields, gorges and valleys can
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Figure 4. Comparison of grain sizes to soils and loess sediment classification (after Blott & Pye, 2012).

be mapped and displayed at this scale. Afterwards the
DEV was averaged using focal statistics over 3000 x
3000 m cell size. Relative high and relative flat areas
were determined and put as a raster data set. Finally
loess sediment deposits could be classified in grain size
classes by their depositional behaviour or the corre-
sponding deposition locations, respectively.

4. Map design

Based on the issues of previous loess distribution maps
(Haase et al., 2007; Main Map A) we improved the
spatial loess data by using the geological map of
Hungary (Main Map B), the translated and simplified
soil map of Romania (Main Map C) and relief data
(Main Map D). We created an improved map of the
distribution of aeolian sediments in the eastern part
of the Carpathian Basin (Main Map E).

The major aim was the creation of a seamless, more
detailed map of loess sediment distribution for the pro-
ject area (Hungary and western Romania) and to dis-
cover unmapped loess sediment deposits. The focus in
designing the final map was to present the modelled
data in a detailed but still legible way. Symbolization
was done following Haase et al. (2007) to keep both
maps as comparable as possible. Major rivers and lakes
were inserted to show possible dust sources as these

may be relicts of the palaco-landscape. Cities and
national borders enable orientation in the study area.

A section of the loess distribution map by Haase
et al. (2007) is also shown to present the status quo
of loess distribution maps in the study region (Main
Map A) and to enable recognition of differences to
the new map. Three synthesis maps (Main Maps B—
D) are presented to display the results of the main
steps: vectorization and Classification of the Hungarian
geological map, translation of the Romanian soil map
and the calculated TPI-DEV.

5. Discussion and interpretation

The new distribution map of loess and loess-like sedi-
ments and sand (Main Map E) provides information
on the distribution of sediments in the western part
of Romania. Importantly, it directly links to sediments
in Hungary and challenges the break in aeolian sedi-
ments summarized by Haase et al. (2007). It shows
typical patterns of loess distribution in flat areas and
lowlands and also in valleys and on terraces of the
mountainous regions. The altitudinal behaviour of
dust deposition and relocation of sediments is depicted
by the in-situ loess and loess derivatives, and is visible
in the mountainous regions. Related to the sedimento-
logical behaviour of more heavy grains like sandy loess
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Figure 5. Hypsometric analysis of loess sediments in Hungary based on SRTM-Elevation Data.

sediments or sand, these can only be found in lower
and flat areas, at valley bottoms or at the more gentle
slopes of the foot hills.

These results may be validated using actual scientific
work in the study area. For example, Kels et al. (2014)
mentioned thin loess and clayey loess on piedmont
plains and valley terraces near Roménesti, located in
the southeastern part of the study area.

6. Conclusions

The final map shows the potential loess and loess sedi-
ment distribution in the eastern Carpathian Basin at a
large scale. Using several independent databases, our
approach considers features of dust transportation,
deposition with respect to the local topography and
relates it to mapped soils, which may be a result of
loess sediments as their parental material.

An English and generalized map of Quaternary sedi-
ments in Hungary is a welcome side product of this
work. From this work we can conclude:

e Soil maps may be valuable information when
searching for information on the underlying
geology.

e In western Romania, loess and loess-like deposits
(including sand) occur as may be expected.

o The previously suggested difference between loess in
Hungary and no loess occurring in western Roma-
nia is solely an artefact of different mapping.

e The appearance of alluvial loess only in Hungary
may be an artefact from regional classification and
mapping. This should be validated by further studies
on this kind of sediment in this region.

e Care must be taken when interpreting geoscientific
maps of for example, Quaternary deposits across
borders. Differences may be caused by different map-
ping in several cases for the European Loess map.

7. Software

Mapping, processing and modelling were performed
using Esri ArcGIS 10.3. Calculations and statistical
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analyses of raster data sets were also performed in Arc-
GIS 10.3. Further analysis of tables was done in Micro-
soft Excel 2013. The main graphics were created using
Inkscape 0.91 and Corel Draw or Adobe Illustrator.
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