




 ENVIRONMENTAL HISTORY OF THE CSORNA PLAIN (WESTERN DANUBE PLAIN, HUNGARY) 21

in connection with construction of road networks following 
the removal of the modern topsoil.

The modern climate of the area is Continental with 
milder winters and cooler summers than the central part 
of the Carpathian Basin. It is due to the stronger Oceanic 
Influences seen in the relatively high rate of annual pre-
cipitation (540 mm), which can reach 650–700 mm as well 
(Hungarian Meteorological Survey). The average annual 
temperatures are also somewhat lower (10.3°C).

MATERIAL AND METHODS

The workflow and methodology of geoarchaeologi-
cal investigations followed the protocol established for 
Geoarchaeological studies at the Department of Geology 
and Paleontology, University of Szeged, Hungary (Sümegi, 
2001, 2002, 2003, 2013).

Geomorphological investigations

Drone-made aerial photographs of the Archeo Art Ltd. 
taken at a lower (75 m) and higher (125 m) altitudes have been 
handed over for geomorphological evaluations (Pesti, 2016; 
Sümegi, 2016). In addition, historical maps of the area have 
also been considered. The most important are the ones of the 
First (1782) and Second (1869) Austrian Military Surveys 
(Timár et al., 2006, 2011). Furthermore, the hydrological 
map of the Carpathian Basin preceding the 19th century river 
regulations have also been considered, as it gives a relatively 
reliable view of the distribution of permanently and tempo-
rary inundated areas (Fig. 1). Finally, high resolution digital 
elevation models of the wider vicinity of the site have been 
prepared and analyzed (Sávai et al., 2015; Sümegi, 2016).

In the next part the several hundred-meter-long sec-
tions at the archeological excavation site have been cleaned 
every 20 m yielding geological profiles, which were visu-
ally described and photographed following the previously 
mentioned protocol (Sümegi, 2002, 2003). Position and 
elevation of the geological profiles as well as the identi-
fied geological horizons have been recorded enabling the 
clarification of the original position of geomorphological 
units. The detailed on-site visual sedimentary facies and 
sequence analysis have clearly outlined a restricted dis-
tribution of anthropogenic and cultural deposits confined 
mainly to small archeological features (pits, graves, wells, 
postholes) (Barham, 1995; Barham and Macphail, 2016). 
Consequently, the settlement strategy and patterns of for-
mer cultures as well as the remaining attesting cultural 
deposits were controlled by the geological, geomorpho-
logical endowments of the site and its vicinity from the 
Late Glacial to the modern times (Bates and Bates, 2000; 
Shackley, 1975; Rapp, 1975; Rapp et al., 1974; Rapp and 
Gifford, 1982; Starkel, 1991; Starkel et al., 2009). Thus, 
following the identification, delineation and visual de-
scription of the individual geomorphological units uniform 
chronological, sedimentological, geoarchaeological, envi-

ronmental historical investigations have been implemented 
following the mentioned workflow. The created cross-sec-
tions were further refined by findings of complementary 
probe coring down to the fluvial gravelly sandy base.

Field sampling

After cleaning the surface of the individual profiles, 
major stratigraphic units have been identified and de-
scribed. Wet and dry colors were determined on-site using 
the Munsell Color Chart (Munsell, 2000). The lithostrati-
graphic description of the profiles followed the system of 
Troels-Smith (1955). An on-site make-shift cross-section 
was created refined later off-site. Sampling sites were cho-
sen accordingly, where sediment thickness as well as the 
largest number of identified stratigraphic units were found. 
The surficial outcropping profile of ca. 1.7 m was further 
lengthened to a depth of 3.5 m via undisturbed coring. 
The surface profile was subsampled at 1–4 cm increments 
for geoarchaeological investigations. Relatively wider sam-
pling intervals of 10 cm were chosen for the core to ensure 
enough amounts of samples.

Radiocarbon dating

The uppermost 2.5 m part of the studied profile yielded 
mollusk shells of autochthonous preservation suitable for re-
liable 14C analysis. Eleven samples (mussel, land snail shells, 
charcoal) have been chosen for 14C dating. Certain herbivo-
rous gastropods are known to yield reliable ages for dating 
deposits of the past 40 kyr with minimal error on the scale 
of perhaps a couple hundred years (Pigati et al., 2004, 2010, 
2013; Sümegi and Hertelendi, 1998; Xu et al., 2011; Újvári et 
al., 2014). The preparation of the shell carbonate samples and 
the actual steps of the measurement followed the methods of 
Hertelendi et al. (1989, 1992) and Molnár et al. (2013). Shells 
were ultrasonically washed, and dried at room temperature. 
Surficial contaminations and carbonate coatings were re-
moved by pretreatment with weak acid etching (2% HCl) 
before graphitization. The cleaning of charcoal followed 
the ABA protocol. Measurements were done in the interna-
tionally referenced AMS laboratory of Seattle, WA, USA. 
Conventional radiocarbon ages were converted to calendar 
ages using the software Oxcal 4.2 online (Bronk-Ramsey, 
2009) and the most recent Intcal13 calibration curve (Reimer 
et al., 2014). Calibrated ages are reported as age ranges at the 
2-sigma confidence level (95.4%).

OSL dating

Results of 14C measurements were complemented by 
OSL analysis of samples taken from two successive geo-
logical horizons. Luminescence samples were taken by 
hammering and extracting 15 cm long metal tubes into the 
previously cleaned sediment wall, and by collecting the sur-
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centrations were added to each sample (Stockmarr, 1971) 
to work out pollen concentrations. Pollen and spores were 
identified and counted under light microscope at 400–
1000× magnification. Minimum 300 pollen grains were 
counted. In several cases low pollen concentrations and 
poor pollen preservation was encountered. A sample was 
considered pollen-sterile if less than 80 grains were found. 
In such cases only the observed taxa were recorded. For the 
identification of pollen and spores the reference database 
at the of the Department of Geology and Paleontology at 
Szeged University and pollen atlases and keys were used 
(Moore et al., 1991; Reille, 1993). Statistical analysis and 
plotting of the pollen data were done using the software 
package Psimpoll (Bennett, 1992).

Malacological analyses

Mollusk shells and charcoals were collected from 4 cm 
thick subsamples taken at regular intervals throughout the 

section. Samples for malacological analyses were dispersed 
in water and wet-sieved through 0.5 mm meshes. After 
sieving, mollusk shells were dried, sorted and identified 
under a stereo dissecting microscope at magnifications of 
6–50 times.

The malacofauna was divided into different paleoeco-
logical groups following the paleoecological classifications 
of Ložek (1964), Krolopp and Sümegi (1995), Sümegi-
Krolopp, (2002), Alexandrowicz (2004), Sümegi, (2005). 
The malacological record was also classified according to 
the recent geographical distribution of the species (Soós, 
1943; Evans, 1972; Kerney et al., 1983; Krolopp, 1983; 
Welter-Schultes, 2012; Horsák et al., 2015), and based on 
paleoclimatological indicator roles (Sümegi and Krolopp, 
2002; Sümegi, 2005; Sümegi et al., 2013).

Statistical methods were used for the zonation of the 
data. Principal components analysis computed on correla-
tion matrices was performed after arc sine transformation 
(Zar, 1990) of the malacological data. Correspondence 
analysis was used for mollusk-based palaeoecological re-

Fig. 2. Aerial view of the excavation site displaying the distribution of archeological features and fluvial sub-facies (a) with a close-up of channel (b) and 
cyclical floodplain deposits (c–d) (S1 – modern soil, S2 – Bronze Age soil, S3 and S4 – Copper Age and Neolithic soil, FP1 – Late Bronze Age–Early Iron 
Age floodplain deposits, FP2 – Copper Age–Early Bronze Age floodplain deposits, C – Ice age floodplain deposits (sandy coarse silt).
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deposits, that accumulated on the Csorna Plain during the 
terminal part of the Pleistocene.

There is a marked increase in the clay content as well 
as that of water-soluble elements from about 2.1 m (Fig. 5). 
Between the depths of 2.1 and 1.66 m corresponding to the 
interval of 10,500–8,400 cal years BP, a finer grained horizon 
appears made up of coarse silty fine silt of yellowish-brown 
hue (10 YR 5/6) representing floodplain deposits. Under the 
microscope these deposits display minor lamina of less than 
1 mm thickness. The carbonate content as well as the con-
centration of water-soluble Ca, Mg, Fe and Mn is high. On 
top of this clayey coarse-silty fine silt a reddish-brown (10 
YR 4/6) clayey silt of significant organic content, higher 
magnetic susceptibility values, high water-soluble Na, K, Fe, 
Mn content appears. These deposits between the depths of 
1.66 and 1.57 m represent a hydromorphic marshy soil layer, 
which developed (8,400 and 7,500 cal years BP) during the 
cessation of floodplain sediment accumulation; i.e. corre-
sponds to a desiccation horizon. This implies the emergence 
of drier climatic conditions leading to the development of 
hydromorphic soils in the back swamp area during the Late 
Mesolithic and Early Neolithic.

The mentioned hydromorphic soil horizon is overlain by 
thin yellowish brown (10 YR 5/6) coarse silty fine silts be-

tween 1.57–1.52 m (7,500–7,200 cal years BP), representing 
another flooding event (Figs. 3–5). Under the microscope 
these deposits have minor lamina of less than 1 mm thick-
ness. The silt, carbonate content as well as the concentration 
of water-soluble Ca, Mg, was high. These flood deposits 
must have developed in connection with the emergence of a 
climate with higher rainfall lasting a couple hundred years.

These floodplain deposits serve as the bedrock of the 
overlying reddish-brown hydromorphic soil composed of 
silts with high clay, organic matter, water soluble Na, K, 
Fe, Mn content and having higher magnetic susceptibil-
ity values. This marshy soil found between the depths of 
1.52 and 1.47 m corresponding to the period between 7200 
and 6,600 cal years BP again represents another desiccation 
period dated to the second half and terminal part of the 
Neolithic (Vaday, 2003). This observation is further cor-
roborated by the presence of Neolithic features, artefacts in 
the deepest geomorphological position as well at the site of 
Csorna-Lórét (Pesti, 2016). The hydromorphic soil horizon 
is overlain by another layer of floodplain deposits of yel-
lowish-brown hue (10 YR 5/6) between the depths of 1.47–
1.42 m (6,600–6,100 cal years BP). No visually observable 
lamination was noticed. Nevertheless, the presence of fine 
lamina could have been attested under the microscope. This 

Fig. 5. Magnetic susceptibility, grain-size parameters, organic and carbonate content as well as selected water-soluble element content values in the 
studied composite profile.
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hardwood gallery forests with stands of lime and hazelnut 
during the Early Holocene at the Preboreal/Boreal bound-
ary. In addition, softwood gallery forests of alder and wil-
low must have been also present during this period. This 
change took no more than a couple hundred years. These 
rapid changes, both in pace and composition, are clearly 
observable in the records of Bátorliget marshland (Willis 
et al., 1995), Lake Kis-Mohos (Willis et al., 1997, 1998) 

as well as the charcoals of a Sub-Carpathian rock shelter 
(Sümegi and Náfrádi, 2015).

The referred deciduous woodland with a clear preva-
lence of oak developed between 9,300 and 7,600 cal years 
BP. There is a marked drop in the ratio of oak, elm, lime, 
alder, hazelnut at 7,600 cal years BP (5,600 cal years BC) 
parallel with the appearance of beech and hornbeam as 
well as weed and cereal pollen grains. These changes im-

Fig. 6. Distribution of arboreal pollen taxa in the studied composite profile.

Table 4. Age, lithology, pollen content of the studied composite profile.

cm Age
(cal BP years) Lithology Pollen content

0–42 last 2,000 recent soil no pollen remains

42–60 2,600–2,000 alluvial sediment Pinus rich pollen content with weed, cereal, Juglans and NAP 
dominance peak

112–60 3,600–2,600 hidromorphic soil and alluvil sediment Arbor pollen decline, Juglans pollen appear, weeds, cereal, NAP 
dominance cycle changed

152–112 7,200–3,600 hidromorphic soil and alluvial sediment Corylus, Quercus, Tilia, Ulmus, Fraxinus dominance decline, but 
Fagus, Carpinus weeds, cereals dominance increase

157–152 7,600–7,200 alluvial sediment Pinus rich pollen content with first cereals, weeds, Fagus, Carpinus 
pollen grains

180–157 9,300–7,600 alluvial sediment and hidromorphic soil Corylus, Quercus, Tilia, Ulmus, Fraxinus pollen dominance peak – 
oak-ash-elm hardwood gallery forest with Alnus–Salix spots

210–180 10,500–9,300 alluvial sediment Pinus–Betula dominated mixed leaved taiga phase
350–210 16,500–10,500 fluvial sediment No pollen remains
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There is a significant change in Zone 4 (1.48 and 
1.22 m, 6,600–4,500 cal years BP) with a major increase 
in the ratio of terrestrial gastropods accompanied by a drop 
in freshwater taxa apart from the mussel taxon Pisidium. 
This zone is characterized by the recurrence of a Lymnaea 
truncatula–Succinea putris–Cepaea vindobonensis paleo 
assemblage and the development of a hydromorphic pedo-
complex (Figs. 8, 9).

In Zone 5 (1.22–1.18 m and 4,500–3,700 cal years BP) 
there is another sudden increase in freshwater taxa mainly 
those preferring permanent inundation and the presence 
of lush aquatic vegetation. There is a recurrence of the 
so-called Planorbarius corneus–Planorbis planorbis–Pisi-
dium paleo-assemblage with conditions like Zone 3.

There is a decrease in the numbers of freshwater taxa 
in the next mollusk zone (1.18–1.04 cm and 3,700–3,500 cal 
years BP) except for taxa tolerating temporary water cover-
age like Lymnaea truncatula, Anisus spirorbis. Conversely, 
the number of terrestrial taxa increased. This increase is 
especially notable among water bank and marshland taxa 
like Carychium minimum, Succinea putris hallmarking the 
development of a new Lymnaea truncatula–Anisus spiror-
bis–Carychium minimum, Succinea putris paleo-assem-

blage. The presence of numerous molds and the relatively 
high numbers of the gastropod taxa Anisus spirorbis hint to 
the emergence of alkaline conditions within the marshland, 
which might have triggered the partial dissolution of the 
shells. This horizon is also characterized by the development 
of a hydromorphic soil with features indicating periodic in-
undation. The layers overlying the paleosol yielded no shells 
at all between the depths of 0.96 and 1.04 m. It was this hori-
zon where most of the disintegrated molds were concentrated 
clearly indicating a secondary dissolution of the shells.

In Zone 7 (1.04–0.44 cm and 3,500–2,500 cal years BP), 
terrestrial taxa completely disappear giving way to a new 
paleo assemblage composed of ditch species (Valvata cri-
stata, Lymnaea palustris, Planorbarius corneus, Planorbis 
planorbis). These again are characterized by a preference 
for permanent inundation and lush aquatic vegetation in 
their habitat. This zone also yielded the highest specimen 
numbers in the entire profile.

Zone 8 (0.44–0.28 m and 2,500–2,000 cal years BP) 
marks the complete disappearance of taxa preferring con-
stant inundation and the occurrence of the so-called slum 
taxa like Lymnaea truncatula and Anisus spirorbis. This is 
accompanied by an increase in water bank and marshland 

Fig. 9. Abundances of identified mollusk taxa by paleoecological groups.
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dergoing gradual infilling during the past 14,000–12,000 
years. Conversely, the righthand tributaries of the Rába 
River found closer to the Transdanubian Hills remained 
actively developing. The natural endowments of our study 
site and their short as well as long-term changes must have 
had fundamental impact on the settlement and subsistence 
strategies of human cultures settling in the area. In the next 
part, a review of these is given regarding the individual 
archeological periods (Fig. 11).

Upper Paleolithic–Late Paleolithic (>16 kyrs)

During this time, the study area was characterized by 
fluvial activity leading to the development of a complex 
creek bed and floodplain system. The emerging geomor-
phological units found at differing heights and later covered 
by Late Glacial and Holocene deposits had profound effects 
on the future development of soils and vegetation offering 
different possibilities for human settlement and landscape 
exploitation.

Epipaleolithic (12–16 kyrs)

As a result of the displacement of neotectonic activity 
in the area of the Little Hungarian Basin, fluvial sedimen-
tation ceased in our study area due to a beheading of the 
creek beds by the Rába River. The former channels became 
inactive drainage channels of the new floodplain, which 
were characterized by moving water conditions during the 
flooding of the Rába River only. Recurrent sediment ac-
cumulation during floods lead to the gradual infilling of 
the former Ice Age fluvial system and subsystems. This 
period was mainly characterized by the accumulation of 
coarse silts and sands in the deeper parts of the concave 
floodplain.

Early Mesolithic (12–9.5 kyrs)

The low-lying areas of the floodplain experienced a 
significant accumulation of coarse silts and very fine, fine 
sands. Due to the extensive recurring inundation of the 

Fig. 11. Graphs displaying the identified local pollen and malacological zones and corresponding archeological periods in the studied profile.
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chernozem as a result of fertilization, plowing and other 
agricultural activities. This soil horizon yielded numerous 
artifacts dated to the Migration Age and the Early Middle 
Ages. However, due to the highly disturbed nature of the 
soil no reliable information could have been recovered in 
connection with the paleoenvironmental conditions.

COMPARISON OF THE IDENTIFIED CYCLES 
WITH OTHER PALEOCLIMATIC 
AND PALEOFLOOD RECORDS

During the comprehensive analysis of the deposits, 
mollusk fauna and pollen composition of the Csorna-
Lórét profile numerous periods of alternating humid and 
dry conditions could have been identified. These cycles 
were compared to flood activity records for temperate and 
Mediterranean Europe (Benito et al., 2015) (Fig. 12). Alpine 
paleoclimatic records (Joerin et al., 2006; Holzhauser et 
al., 2005; Nicolussi and Patzelt, 2000) as well as the lake 
records of Switzerland and Central Europe has also been 
considered (Magny, 1992, 2001, 2004; Magny et al., 2001). 
In addition, fluctuations in oxygen isotope values of the 
Greenland ice core record (GRIP) (Von Grafenstein et 
al., 1998) and ice-rafted debris concentrations from the 
Northern Atlantic (Bond et al., 1993, 1997, 1999, 2001) 
were also considered (Fig. 13).

Our data seems to correlate with the cooler and wet-
ter periods of the Northern Atlantic during the Middle 
Holocene. Climatic events 8–6 are clearly present in our 
records in a welded format corresponding to flooding 
events (Figs. 12, 13). This period was characterized by 
relatively constant accumulation rates of 0.2 mm/y (Fig. 
12). The well-known 8.2 ky event is missing though (Fig. 
12). Similarly flood deposits corresponding to the 5ab, 
5b, 4 Bond events, again characterized by cooling and 
higher precipitation and flood rates in temperate and 
Mediterranean Europe are present in our record. AR here 
are higher than in the preceding periods reaching values 
of 0.3 mm/year (Fig. 12). Flood cycles corresponding to 
the climatic events 5a and 4 during the Neolithic has been 
identified in the area of the Great Hungarian Plain using 
paleoecological data (Gulyás and Sümegi, 2012). These 
climate change induced floods resulted in the transforma-
tion of the first Neolithic groups (Körös culture to LBK). 
This transformation was however restricted to the north-
ern boundary of distribution of the Körös Culture in the 
Carpathian Basin. In addition, subsistence changes during 
the time of the Late Neolithic Tisza Culture were also 
linked to these flooding cycles. These gradually intensi-
fying floods triggered various flood protection measures 
including the creation of drainage channels around the 
houses, elevation of the house floor, but finally led to the 
disintegration of multilayered tell settlements (Gulyás and 

Fig. 12. A comparison of calculated sedimentation rates (AR) with the number of high flood activity regions (Benito et al., 2015) (S1 – modern soil, S2 – 
Bronze Age soil, S3 and S4 – Copper Age and Neolithic soil, FP1 – Late Bronze Age–Early Iron Age floodplain deposits, FP2 – Copper Age–Early Bronze 
Age floodplain deposits, C – Ice age floodplain deposits (sandy coarse silt).














