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The aim of this study is to identify the milestones of landscape evolution around the Ecse Mound
(Karcag-Kunmadaras, Hortobágy National Park, Hungary) in the Holocene period by sedimentological and
malacological analysis of strata underneath and within the body of the kurgan concerned, including that of
the same characteristics of the artificially piled layers. An undisturbed core drilling was carried out and the
sedimentological properties of both the mound and of the substrate baserock were revealed, analysis of
which has been supported by three radiocarbon (AMS) measurements. The baserock formation during the
last phase of the Ice Age, Middle and Upper Pleniglacial, and Late Glacial phases was followed by soil
development in the Holocene, while the mound was constructed in two phases at the end of the Copper Age
by the communities of the Pit Grave (Yamna or Ochre Grave) Culture. By publishing these preliminary data,
it is also intended to draw attention to the need of focused research efforts by standardized methodology in
kurgan research, in order to make the results of different studies consistent and comparable.
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Introduction

The Eurasian steppe and forest steppe zones are estimated to have once extended
from Mongolia to the Danube delta (Bohn et al. 2007) over an 8–13 billion km2 area
before human agricultural and industrial activities have begun (Wesche and Treiber
2012). Various studies, primarily botanical in scope, have proved that the Pannonic
forest steppe of the Great Hungarian Plain in the Carpathian Basin is part of this zone
(Borhidi 1956, 2003; Zólyomi 1957, 1987; Zólyomi and Fekete 1994; Molnár et al.
2012) that was cut off by the uplift of the Carpathian Mountains, as a result of which it
has developed as a detached habitat island (Molnár and Kun 2000). This once vast
natural ecosystem has mostly been ruined or transformed (Szirmai et al. 2005) by the
network of settlements, roads, and railroads, increasing agricultural activity, particu-
larly the highly motorized and chemically enhanced intensive crop farming and animal
husbandry. The most dramatic changes have taken place in the Ukraine, where only
5%–10% of the indigenous steppe and forest steppe vegetation has subsisted within
this vegetation zone (Sudnik-Wójcikowska and Moysiyenko 2013). A very similar
human encroachment and its effects have taken their toll in Kazakhstan, where 90% of
the former steppe has been turned into arable land, since the announcement of the
Virgin Lands Campaign movement in the 1950s (Rachkovskaya and Bragina 2012).

The same anthropogenic processes have influenced the transformation of
the Pannonic forest steppes developed in the Great Hungarian Plains for the past
100–150 years (Molnár et al. 2014; Deák et al. 2015). Therefore, Hungarian nature
conservancy and particularly the national park directorates situated in the Great Plains
play a significant role, also from an international perspective (Dengler et al. 2014), in
the conservation of primary forest steppe and steppe areas, as well as in the extension
and reconnection of habitat fragments based on the existing network of protected areas
(Balázs 2006). This nature conservation task is particularly difficult in the case of loess
steppes, since they predominate in chernozem soils, while these highly fertile areas
have long been cultivated as croplands (Kelemen et al. 2010; Török et al. 2011). This
is the main reason for the existence of the few remaining examples of Pannonic forest
steppe and loess steppe habitats in the Great Plains, mostly sustained in ditch slopes,
balks, as well as on burial and watch mounds (Zólyomi 1969; Tóth 1998; Csathó 2009;
Penksza et al. 2011; Balázs and Kustár 2012; Bede et al. 2014, 2015; Csathó et al.
2015; Deák et al. 2015).

These mounds have a one ha surface area on average (Deák et al. 2015, 2016), and
despite their small size plays a pivotal role in the conservation of the steppe and forest
steppe biota, because their botanical and zoological assets can be particularly diverse.
This property can be attributed to the very structure of these mounds, i.e., their
pyramidal shape with rather steep slopes. These steep, conic slopes were difficult or
impossible to plough, and depending on their exposure, very diverse microhabitats and
diverse microclimatic conditions have developed on them (Vona and Penksza 2004;
Sudnik-Wójcikowska et al. 2011).

Burial mounds are the most important objects of nature conservation efforts aiming
at the restoration of the original vegetation and soil conditions, since they were built on
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the natural ground surface, and the earth around the burial site was used as building
material (Barczi et al. 2003, 2004, 2006; Joó et al. 2007). Thus, contemporary soil
types can be studied in the building strata of the mounds (Bede et al. 2014). Beyond
the pedological research, by the careful study of plant remains, primarily pollen and
phytoliths (Sümegi 2001, 2002; Persaits et al. 2008, 2014; Persaits and Sümegi 2011,
2015), it is possible to reconstruct the vegetation of the area within the period of the
construction. This research can yield very precise data on the soil conditions and
vegetation before and during the construction of the mounds in the heart of the
Carpathian Basin. As the soil beneath these earth-pyramids has not developed any
longer (Khomutova et al. 2007; Kashirskaya et al. 2010; Demkin et al. 2014; Lomov
et al. 2017), the study of the natural original soil can reveal the soil conditions before
the mounds were constructed.

The geo-archeological study of these burial and dwelling mounds is very important,
since these were the very first archeological sites to be included in geo-archeological
research studies (Jefferson 1783; Vanuxem 1843; Forchhammer et al. 1851). Mounds
are among the earliest objects of interest of archeology in Hungary, and Flóris Rómer
(one of the founding fathers of Hungarian archeology) was the first to study them
scientifically in the vicinity of Vaskút (Rómer 1868a, 1868b, 1868c). The first
full-scale scientific register of these man-made landforms was also compiled by
Flóris Rómer (1878), but he carried out in-depth studies of kurgans in Bihar and on a
set of kurgans in Trans-Danubia (in the region of Szalacska, Tihany, and Tátika)
dating back to the Bronze and Early Iron Age (Pásztor 2004). These archeological
undertakings then lead to further scientific studies in Hungary (Párducz 1959; Kulcsár
1989; Kőhegyi and Vörös 1999, 2000, 2002; Vörös 2002).

The date of origin of the mounds has been a most important question since the early
period of archeological excavations. Not only did the mounds vary, but also the time
of their construction ranged within a wide period of time. The Hungarian term
“kunhalom” (meaning “Cumanian mound”) (Horvát 1825; Jerney 1851; Gyárfás
1870; Gárdonyi 1893, 1914; Győrffy 1921) is highly problematic, since this is the
umbrella term for all types of mounds without consideration of their function or date of
origin (Tóth and Tóth 2003; Tóth 2006; Barczi et al. 2009; Pető and Barczi 2011; Dani
and Horváth 2012). This term persisted despite archeologists’ warnings of the
problems and misunderstandings it has caused, both in chronology and functional
classification, since this term denotes Late Neolithic and Middle Bronze Age tells,
Late Copper and Early Bronze Age kurgans, as well as Iron Age burial mounds, and
burial mounds of Scythian, Sarmatian, Hungarian, and Cumanian origin. As Makkay
(1964) has pointed out, regardless of their function whether tells, burial mounds, watch
and border mounds, cultic mounds, they are all labeled as “kunhalom.”

There have been assumptions (Bede et al. 2014, 2015), before this study, that the
Ecse mound had been built by communities of the Pit Grave (Yamna) Culture
(Merpert 1974; Gimbutas 1980; Rassamakin 1994), considering the similarities in
shape, orientation, and stratigraphy of this earth-pyramid, and the comparative
geomorphological research of other mounds in the Hortobágy region (Sümegi
1992; Barczi et al. 2003, 2004, 2006; Joó et al. 2007; Sümegi and Szilágyi 2011;
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Szilágyi et al. 2013). Findings and data from this artificially piled layer correlate with
the radiocarbon data from 80 to 100 samples from the East European Plains, as the
infiltration of the Pit Grave (Yamna) Culture to the Carpathian Basin from there took
place in several waves; they define the third wave, or the beginning of the so-called
classic phase, i.e., Horizon A (Morgunova and Khokhlova 2006, 2013).

Without accelerator mass spectrometry (AMS) or radiocarbon data, it is
impossible to identify the culture of origin, since mounds were built in the Great
Hungarian Plain throughout millennia, including in the area studied, by various
cultures and peoples, like Scythians, Sarmatians, early Hungarians, and later
Cumans (Tóth and Tóth 2003, Tóth 2006). Mounds were built in the Hortobágy
and its broader region as early as 3300 BC (first appearance of the peoples of the
Pit Grave Culture) until as late as the 15th century, which is a 4,900- to 5,000-year
timespan.

Archeological research papers rarely report on the fact of which nature con-
servationists are well aware of, i.e., that early archeological excavations and research
methodologies took a toll on the mounds, leading to either their full or partial
disintegration in most cases. Several of the archeological sites were left without
reconstruction (their central part dug up, transacted and the soil deposited beside the
mound). What all these excavations share in common is that the soil was not filled
back. The reconstruction of these mounds would require a systematic program
requiring substantial financial resources (Bede and Czukor 2015). This also encour-
aged the authors to follow a different methodology of large diameter core drilling as
a sample and information source in the chronology and environmental history
studies.

This issue can only be tackled if the initial phase of each study includes
stratigraphical and chronological analyses, so that the very function and age of the
mound are revealed (Sümegi et al. 2015a). Following up on Borsy’s observations
(1968), the first such examinations were carried out on the section of the “Őrhalom” at
Sárrétudvari (Sümegi 1992), and on the “Szálkahalom,” Hortobágy, by drilling
and sampling (Sümegi 1988). These pilot studies have led to the elaboration of a
methodology of mound research (Sümegi 2001, 2002, 2003).

Microstratigraphic sampling, sedimentological, geo-chemical, petrographic, and
malacological analyses were the primary source of information guiding the
methodology development. Samples were taken from the archeological excavation
transects (by the archeologist Ibolya Nepper Módy) of the “Őrhalom,” Sárrétudvari,
as the excavation trenches and illegal earth extraction made mapping and core
drilling precise and easy. In addition, samples for radiocarbon analyses were
collected from this same site to determine the age of specific strata (Sümegi
1992, 2004a).

The development of the methodology continued, and further Neolithic and Bronze
Age tells (Sümegi 2009, 2013; Sümegi et al. 1998, 2002, 2013a), and kurgans of the
Hortobágy were involved (Sümegi and Szilágyi 2011; Szilágyi et al. 2013). The
kurgans of the Hortobágy included the “Ecse-halom” (Sümegi 2012), which would be
discussed in the following sections of this paper.
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Methodology

It might be justified to ask why the methodology of undisturbed core drilling was
chosen instead of archeological excavation, particularly in the case of this kurgan
damaged in the 20th century (Bede et al. 2014, 2015, 2016). Firstly, there are financial
reasons, since the cost of drilling and the analysis of the drilling sample were only a
fraction of that of an archeological excavation. Since several human activities, among
them archeological excavations, have had serious negative nature conservation
consequences for the kurgans throughout the Great Hungarian Plain, all of them are
ex lege protected by the Hungarian national legislation. In addition, on the top of all
that, Ecse Mound is located within the first national park of Hungary. The first major
kurgan research took place in the southern part of the Great Hungarian Plain, at
Kétegyháza, between 1966 and 1968, when Gyula Gazdapusztai excavated 17 graves
from 11 kurgans (Ecsedy 1979). Findings from the Bodrogkeresztúr and Boleraz
cultures were unearthed from the Holocene paleosoil beneath the kurgans and the soil
layers of the kurgans (Ecsedy 1973); the body of the kurgans contained graves from
later ages (by Scythians and Sarmatians). Some of the graves were then plundered
during the Great Migration Period (Ecsedy 1979).

Similar to the geo-archeological analysis at archeological sites (Fig. 1), the first
phase of studying mounds is to carry out geomorphologic research (Figs 2 and 3) on
the site (geo-archeological protocol; Sümegi 1994–1999, 2002, 2003; Bede et al.
2014). As a second phase, by geologic drilling, the different layers and their
development boundaries can be mapped, followed by undisturbed core sampling
(Fig. 4), or in the case of destroyed or disintegrated mounds, by establishing the
geologic section by drilling the slopes. This geologic profile or drilling section aims to
first identify the sediment types based on the international unconsolidated standards
(Troels-Smith 1955) and on the sediment color chart (Munsell 2000). In this way,
based on the results of the mapping, coring, and excavation samplings, the sequence of
strata can be mapped and delineated.

This protocol is pivotal in any mound research, since the development of a mound
might have had different stages, also representing different functions; e.g., a burial
mound could have been used as a lookout post, or a structure (church or other cultic/
religious building, etc.) may have been built on top. Thus, delineating the particular
layers, and the macroscopic and stratigraphic analyses thereof, are of particular impor-
tance. Measuring magnetic susceptibility (MS) has proved to be one of the best methods
to yield stratigraphic data (Sümegi 2012; Bede et al. 2014, 2015; Sümegi et al. 2015a).

Environmental magnetic analyses were carried out on bulk samples (An et al. 1991;
Rousseau and Kukla 1994; Sun and Liu 2000; Zhu et al. 2004). Samples were taken at
2–4 cm intervals. Prior to the start of the measurement, all samples were crushed in a
glass mortar after weighing. Then, the samples were encased in plastic boxes and dried
in air in an oven at 40 °C for 24 h. Afterward, magnetic susceptibilities were measured
at a frequency of 2 kHz using an MS2 Bartington MS meter with a MS2E high
resolution sensor (Dearing 1994). All of the samples were measured thrice and the
average values of MS were computed and reported.
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Fig. 1
Stages in a Quaternary paleoecological study (redrawn after Birks and Birks 1980)

Fig. 2
Location, geomorphology, and observed stratigraphy of the Ecse Mound in the Hortobágy, NE Hungary
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In addition to MS, macroscopic and mechanical strata analyses, as well as variance
in organic content, carbonate and mineral particle composition and their changes are
also considered in the identification of strata. These soil properties, just like MS, have
to be measured at 2–4 cm intervals (Sümegi et al. 2015a). Denser, i.e., 1 cm or less
intervals have not proved to yield more precise information because of the postgenetic
changes, most importantly those caused by bioturbation.

The grain size composition of sedimentological samples was carried out using the
laser-sedigraph method. First, the samples were pretreated with 1 M HCl and H2O2 to
remove carbonate and organic content, respectively (for a more detailed description of
the pretreatment process, see Konert and Vandenberghe, 1997). All of the samples
were measured for 42 intervals between 0.0001 and 0.5 mm using an Easy Laser
Particle Sizer 2.0 and Fritsch sieves in Szeged (Hungary). For loss of ignition (LOI)
examination, subsamples were taken at every 2–4 cm interval and the LOI method was
applied, commonly used for the analysis of the organic and carbonate content on
calcareous sediments (Dean 1974).

A new, so-called sequential extraction method (Dániel 2004) with a long-
established history in the analysis of the geochemical composition of lacustrine
sediments was adopted in this study. From the complete procedure, the step of water
extraction for unseparated samples was sufficient to suit our analytical needs, as was

Fig. 3
3D detailed section of the reconstructed Ecse Mound. 1: the second construction layer of the mound; 2: the
first construction layer of the mound; 3: the surface of the paleosoil under the mound (Bede et al. 2015)
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shown by previous work (Dániel 2004; Sümegi et al. 2013b); the most important
paleohydrological and paleoecological data originate from water extraction samples.

Therefore, the geochemical results from water extraction samples will be shown as
follows: the results from the geochemical analyses are plotted against depth. Distilled
water was purified using a Millipore fife 5 Plus Water Purification System for water
extraction samples. An amount of 100 ml distilled and purified water was added to
1.0 g sample and was shaken for 1 h, and then the water extract elements of Na, K, Ca,
Mg, and Fe were analyzed using a Perkin-Elmer AAS spectrometer (Dániel 2004).

The macroscopic, physical, and chemical analyses made the mapping of the
sequence of the sediment layers and layer boundaries possible. More precise chro-
nology can only be achieved by radiocarbon and AMS analyses (Gazdapusztai 1968;
Ecsedy 1979; Molnár et al. 2004, 2013; Molnár and Svingor 2011; Barczi et al. 2012;
Dani and Horváth 2012). Additional information can be obtained with the optically
stimulated luminescence (OSL) analyses (Liritzis et al. 2013) of wattle-and-daub
fragments or pottery remains conserved in the layers. On the other hand, it is important
to note that pottery and wattle-and-daub fragments had been piled up with the soil,
and can originate from the very same culture that created the mound itself, but also
from earlier cultures. The OSL analysis of the pottery and wattle-and-daub fragments
may result in the false conclusion that some layers are older than their actual age
(Gazdapusztai 1968).

Fig. 4
Undisturbed core process on the surface of the Ecse Mound at Karcag in the pollen-free winter time of 2012
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The radiocarbon analysis of the shells of terrestrial or fresh water snails and
bivalves mixed in with the earth of the mounds also yield sufficient dating information
(Gulyás et al. 2010); therefore, this method was selected in the case of the Ecse-halom
(Ecse Mound), Karcag.

AMS dating measurements were carried out in the internationally referenced AMS
laboratory of Seattle, WA, USA. Three snail shells from the core sequence of the Ecse
Mound at Karcag were prepared for radiocarbon dating and the radiocarbon data have
been shown in this preliminary paper. Certain herbivorous gastropods are known to
yield reliable ages for dating deposits of the past 40 kys with no or minimal error on the
scale of perhaps a couple of hundreds of years. It is still acceptable on the scale of a
multiple mollusk shell-based study (Sümegi and Hertelendi 1998; Pigati et al. 2004,
2010, 2013; Újvári et al. 2014). The preparation of the 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 removed by pretreatment with
weak acid etching (2% HCl) before graphitization. Conventional radiocarbon ages
were converted to calendar ages using the Calib 7.0 software (Table 1) and the most
recent Intcal13 calibration curve (Reimer et al. 2014).

Further analyses are in progress beyond the three radiocarbon (AMS) measure-
ments described in this paper, i.e., a further six samples and measurements are under
preparation, and samples are being cleaned. In addition, the full drilling sample of the
Ecse Mound is being analyzed for pollen, phytolith, and malacological records. Once
the research is complete, an overarching article is to be published, also including
previous results of the petrographical, botanical, and geomorphological studies (Bede
et al. 2014, 2015, 2016). The current article is to share the important geo-archeological
findings made recently with peer researchers of geo-archeology, since it is strongly
believed that the current results can contribute to the methodology of dating the
mounds. These results can also add to previous research articles providing them with
another dimension.

Table 1
Uncal BP data and calibrated chronological data from the core sequence of the Ecse Mound at Karcag

Depth
(cm) Material

uncal BP
(year) ±

cal BP
(year) ±

cal BC
(year) Code

289–290 Unio crassus
shell fragments

4,281 27 4,849 21 2,921–2,879 D-AMS
006516

415–416 Chondrula
tridens shell

5,475 30 6,261 52 4,364–4,260 D-AMS
006517

580–581 Anisus spirorbis
shell

10,266 37 12,091 165 10,207–9,877 D-AMS
006514
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Study Area

The Ecse Mound (in Hungarian Ecse-halom) is located in the Great Hungarian
Plain, in Jász-Nagykun-Szolnok County, in the area of the historical Nagykunság
(Greater Cumania), in the Hortobágy region, within the Hortobágy National Park,
12 km north–northeast of the town of Karcag (Fig. 2). It is a border point between the
administrative areas of the settlements of Karcag and Kunmadaras, found in the heart
of the special forest steppe region, based on the modified Holdridge bioclimatic system
(Szelepcsényi et al. 2014a, 2018) and map (Fig. 5). The central coordinates of the Ecse
Mound are N47°25’31.11”, E20°57’47.71”; absolute height: 93.5 m asl; relative
height: 5.5 m; length: 75.5 m, width: 67.5 m (Fig. 2).

Fig. 5
Position of Ecse Mound on a spatial distribution of the Carpathian Region’s core and transitional life zones
for the beginning of 20th century, based on the Holdridge-modified life zone system (Szelepcsényi et al.
2014a, 2014b, 2018)
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The Ecse Mound (Fig. 2) itself is located on an elevated point in the landscape, on a
remnant surface covered by Pleistocene infusion loess; it shows connections with the
loess landscape of the Nagykunság area, and it is basically its northeastern protrusion
that wedges into the Holocene alluvium of the Hortobágy. The mound rises on the
eastern end of a slightly elevated, elongated loess ridge that is clearly separable from
its surroundings on the basis of its vegetation and geomorphology. The traces of a
ditch that was created when the earth was piled up on the mound are barely perceivable
around the mound (Sümegi 2012); this filled up, geomorphologically hardly detectable
ditch is more visible along the northwestern and northern edges.

The roughly circular mound, slightly elongated along its west–east axis, has been
considerably deformed in the course of the past centuries (Fig. 2). The most apparent
change is the deep cut through the center of the mound in an east–west direction,
which has served as a road of local significance since medieval times (Fig. 2); due to
continuous abrasion and erosion cuts (Fig. 3), it now has cut many meters deep into the
body of the mound (Bukovszki and Tóth 2008; Kovács 2013). A border line of
medieval origin (Fig. 2), which is still visible just to the north of the road in the form of
a border ditch, was established along it (Fig. 2). This dirt road (practically a road cut
deep in the soil) running across the Ecse Mound was shaped by hundreds of years of
use and consequent erosion. It was already used in the Middle Ages, since a road
of local interest ran this way, connecting the village of Kunkápolnás and the town of
Nádudvar (Elek 2008). Later on (after the destructions of the Late Ottoman Period), it
lost its significance, although the locals still use it to this day. The continuation of the
road to the east is the Ecse barrage, which enables the crossing of the deeper parts of
the Kunkápolnás marsh system (Bede et al. 2014, 2015, 2016).

The Ecse mound is first mentioned (Gyárfás 1883; Benedek and Zádor-Zsoldos
1998) in a charter describing village borders (Fig. 6) from 1521 (in the form
“Echehalma”). In the Early Modern Era, it was the border point between the destroyed
medieval villages of Asszonyszállás and Kápolnás. Today, it lies on the administrative
border between Karcag and Kunmadaras; the borderline breaks in an angle on the top
of the mound.

Manuscript maps from the 18th to 19th centuries and later printed maps consis-
tently represent the entire area of the mound as pasture (Bede et al. 2016). In the
beginning of the 20th century, however, its southern half was ploughed due to the
increased demand for arable land, and already in 1943, this agricultural usage is
presented. In the wider vicinity of the mound, farmsteads, dirt roads, ditches,
embankments, grasslands, and lower lying swamps can be found.

The occurrence of about 90 species has been detected on the kurgan to date.
Characteristic species are Aegilops cylindrica, Agropyron cristatum, Androsace
elongata, Bassia sedoides, Carthamus lanatus, Linaria biebersteinii, Muscari
comosum, Ranunculus pedatus, Salvia nemorosa, and Verbascum phoeniceum (Bede
et al. 2016). Although the Ecse mound is not among the most valuable mounds in
terms of plant species composition, regionally it certainly represents significant natural
value, especially thanks to the presence of species characteristic of loess grass-
lands (Bede et al. 2014, 2015, 2016). The kurgan rises above its marshy, alkaline
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environment; thus, most of its surface is covered by a loess grassland association
(Salvio nemorosae–Festucetum rupicolae) and its derivatives (Fig. 7). The mounds
are characteristic refuges for the survival of such habitat types, having a significant
conservation value, even the plant association itself (Joó 2003; Illyés and Bölöni
2007; Horváth et al. 2011). In the northern half of the Ecse Mound, loess grassland in
fairly good condition can be found. Crested wheatgrass, characteristic for the dry
vegetation of loess bluffs, forms only a few smaller patches beside the top and on the
northern side. In the southern half of the mound, vegetation is secondary, uncharac-
teristic dry grass, a fallow zone unploughed for decades (Bede et al. 2016). But even
this area already contains a few loess grassland species. The steep, south-looking side
immediately to the south of the top is covered by a community of dry ruderal species,
and this is separated by a fairly sharp border from the other vegetation zones. On the
road cutting through the mound in an east–west direction, the tracks are flanked by
trampled weed associations. Arboreal vegetation is only sparsely present in the
area. In summary, it can be stated that the vegetation of the Ecse Mound is in a fairly
good condition, partly due to its maintenance by regular, but not excessive, grazing,
and mowing.

Fig. 6
Draft map of the 1521 land survey, prepared in 1759 (Kováts 1784–1787)
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The coring was conducted at the highest elevation, next to the geodetic triangula-
tion point land surveying triangle, in the crested wheatgrass population, in January
2012, on a cold winter day, under frozen soil and pollen-free conditions, in order to
reduce disturbance caused by the drilling.

Results

The AMS-based chronology assessment of the Ecse Mound investigated the
bedrock and the first few artificially piled layers (Table 1). The radiocarbon analysis
has shown that the accumulation of the bedrock was still an ongoing process at the end
of the Ice Age, as the baserock of soil development, the top layer of the series of fluvial
strata (Fig. 8) developed (Table 1) at the end of the Ice Age within the Pleistocene–
Holocene transitional layer (Ralska-Jasiewiczowa et al. 2003; Rasmussen et al. 2006;
Walker et al. 2009).

Based on the radiocarbon-dated soil development chronology data of the
Carpathian Basin (Willis et al. 1997; Sümegi 2004b; Sümegi and Molnár 2007;

Fig. 7
Vegetation map of Ecse Mound (Bede et al. 2014, 2016). 1: loess grassland; 2: characterless dry grassland
with loessy elements; 3: crested wheatgrass stands; 4: extremely dry, ruderal plant association of weeds;
5: used dirt road with weed colonies; 6: triangulation point; 7: surface concrete parts of the military
observation tower base; C1, C2, C3, C4, C5, C6, and C7: coenological sampling plots
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Sümegi et al. 2012; Sümegi and Náfrádi 2015), soil development is assumed to have
started at the beginning of the Holocene on the silt and carbon-rich fluvial sediment
(Fig. 8) that had accumulated up until the end of the Ice Age. Holocene climatic and
vegetation conditions, and consequent soil development, are estimated to have started
within the period of cc. 11,500–10,500 cal BP= 9,500–8,500 cal BC in the plain
region (Willis et al. 1997, 1998). This period falls in line with the Mesolithic Age, as
the radiocarbon measurements of soil layers in the Rejtek and Petényi caves, with
findings from the Mesolithic Age, have proved (Sümegi et al. 2012; Sümegi and
Náfrádi 2015). The environment of the Ecse Mound during the Ice Age was a
floodplain that partially dried out at the end of the Mesolithic Age, resulting in a
hydromorphic soil development on the slightly elevated so-called Ecse Plateau, where
the Ecse Mound is situated (Fig. 2). As a result, a polyhedral soil structure with
substantial organic material content had developed, which is very similar to the
development of chernozem soils (Stefanovits 1963, 1972; Szabolcs 1966; Michéli
et al. 2005; Minasny et al. 2009; Fuchs 2012). Since soil development took place right
on the baserock, and no rearrangement of layers in a sediment pool occurred, or no
natural (or even artificial) cover layer developed, the beginning and end of soil
development cannot be dated precisely (Willis et al. 1997, 1998; Sümegi 1998, 2001,
2002, 2003, 2004b; Sümegi et al. 2012; Sümegi and Náfrádi 2015).

Fig. 8
Radiocarbon-dated sedimentological, magnetic susceptibility data, water-soluble Fe, Mn, Na, K, Mg, Ca,
organic and carbonate content from the undisturbed core sequence of Ecse Mound in the Hortobágy
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The AMS data (Table 1) retrieved from C. tridens terrestrial snail shell remain
unearthed from the intact soil layer undoubtedly indicate that soil development was
still in an active phase 6,261± 52 cal BP (4,364–4,260 BC), i.e., at the beginning of
the Copper Age (Raczky 1988, 1995; Vaday 2004; Szilágyi 2008). The transition of
the late Neolithic and Copper Ages was a time-transgressive process (Gyucha et al.
2004, 2006; Parkinson 2006), which means that there is no definite division line in
chronology, but rather a time interval of changes. Taking this into consideration, the
substrate soil beneath the Ecse Mound could very likely have already developed in the
Copper Age, as the calibrated BC dating indicates.

The shell fragments of the aquatic bivalve U. crassus found in the first artifi-
cially piled layer of terrestrial sediment suggest external, most probably human
influence. The AMS analysis data of these fragments (Table 1) 4,849± 21 cal BP
(2,921–2,879 BC) unambiguously indicate that the first layer of the mound was piled
up at the end of the Copper Age (Vaday 2004). Thus, it can be stated that the
mound was constructed by a local community of the Pit Grave (Yamna) Culture
(Gazdapusztai 1968; Ecsedy 1979; Horváth et al. 2013), and that its people pre-
dominated within the research area at the late Copper Age–Bronze Age period.

Based on the radiocarbon measurements in the geologic section, sedimentological,
geochemical, and MS properties can be described as follows.

The substrate sediment comprising fine sand and coarse-grained silt with substan-
tial carbonate, soluble magnesium, and calcium, and low clay and organic content,
between 8 and 10 m, was deposited at the end of the Ice Age (no radiocarbon dating so
far). Based on the geologic data from the study area (Franyó 1966; Rónai 1985;
Sümegi et al. 2000), this sediment complex was likely to have been deposited by the
Sajó-Hernád river system, supposedly during the Marine Isotope Stage (MIS) 3
period. The sediment also contained iron–manganese nodules. This is likely the cause
of the increased level of soluble iron and manganese in the sediment, and the increased
MS level (Fig. 8) experienced.

The top layer of the fluvial sediment complex (between 7.8 and 8.0 m) consists of
very fine and carbonated fine sand mixed with a substantial level of medium-grained
sand. This structure and sediment content indicates that this layer was also deposited
by the Sajó-Hernád river system that was still present in the Hortobágy during the
MIS3 period (Franyó 1966).

On top of this accumulated fluvial sediment, another type of yellow–brown, loess-
like alluvial sediment was deposited at the end of the Ice Age between 7.8 and 5.8 m. It
is rich in silt, carbonate, and clay. This depositional process was likely to have taken
place between 24.5k and 12k years cal BP, thus fully covering the MIS2 period. This
sediment layer and its development are comparable to the alluvial sediment layers of
the Ice Age that developed on river banks in the Hortobágy, previously called infusion
loess layer (Nyilas and Sümegi 1991; Sümegi 2005; Sümegi et al. 2015b).

This silt-rich alluvial sediment that had accumulated until the end of the Ice Age
can be considered the base rock of soil development in the Holocene, from the
Early Holocene to the Early Copper Age (9,500–4,200 cal BC). This type of soil is of
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polygonal structure with hydromorphic qualities that is very similar to A and B layers
of the meadow chernozem soil that was found between 4.15 and 5.8 m buried in the
kurgan. The organic content is significantly higher in this horizon (Fig. 8), also
showing a change in soluble elements and insignificant level of carbonate content.

The first sign of perturbation of this (first artificially piled) soil layer could be traced
between 4.15 and 4.10 m, that is the Late Copper Age. The follow-up research will be
targeted at the radiocarbon measurement of this very horizon. On the other hand, this
layer is between the Early Copper Age and the second perturbation (artificially piled)
layer, i.e., 2.90 and 2.80 m. Based on radiocarbon analysis, the age of the second
artificially piled layer is estimated at 4,849± 21 cal BP (2,921–2,879 cal BC), so the
first artificial pile of 4.15–4.10 m was very likely built in an earlier horizon, but still in
the Late (very end of the) Copper Age (Vaday 2004). Yet another perturbation was
traced at 1.50 m, as the coring yielded substantial amounts of pottery and wattle-and-
daub fragments from this layer. This finding was insufficient for proper archeological
dating, and thus for the chronology of the perturbation layer, but most probably they
are from a Scythian or Sarmatian community.

There followed a significant change of the sedimentological and geochemical
properties of the kurgan soil, as the development of the top 150 cm of soil is
completely different from the artificially laid ones. The geochemical properties and the
development features indicate that after the construction of the kurgan in the Late
Copper Age, a new layer of top chernozem soil (with A and B layers) developed on top
of the dry earth pile of the kurgan. This is in line with earlier pedological
and sedimentological observations made on other kurgans of the Hortobágy and
Nagykunság (Sümegi 1992; Barczi et al. 2003, 2004, 2006; Joó et al. 2007; Sümegi
and Szilágyi 2011; Szilágyi et al. 2013), namely that chernozem soil has developed on
top of the artificial pile of kurgans. This type of top soil and related loess grassland
association (Salvio nemorosae–Festucetum rupicolae) form the topmost layer of the
kurgan.

Discussion

The study was carried out on the Ecse Mound, situated on the border of the
settlements of Karcag and Kunmadaras. An undisturbed core drilling was carried out,
and the sedimentological properties of both the mound and of the substrate baserock
were revealed. The sediment series of the substrate comprised fluvial sand and silt
layers, while a loess-like alluvial layer topped the series of fluvial sediments between
the MIS3 and MIS1 levels. A polyhedral, hydromorphic (chernozem-like) soil layer
developed from the beginning of the Holocene until the Copper Age, and a kurgan
with at least two artificially piled layers was constructed by the community of the Pit
Grave (Yamna) Culture at the end of the Copper Age. As the AMS study indicated, the
second artificially piled layer was completed at the end of the Copper Age, more
precisely in the period of 4,849± 21 cal BP (2,921–2,879 cal BC). The AMS analysis
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has proved that the date of origin of the Ecse Mound is the Late Copper Age, i.e., the
first infiltration of the Yamna (Pit Grave or Ochre Grave) Culture. As comparative
chronology for the Copper Age and archeostratigraphic analyses have indicated, this
classic Yamna A Horizon of the Late Copper Age is parallel with, and comparable to,
the classic Baden Culture elsewhere in Hungary (Horváth et al. 2006).

While the first artificially piled layer requires further radiocarbon measurements,
the stratigraphic properties indicate that it was also constructed at the end of the
Copper Age. Traces of perturbation were identified from more recent layers dating
back to the Stone Age or the Antiquity, and the undisturbed core samples have proved
that the topsoil of chernozem developed in-situ after the construction of the kurgan, as
a similar process has taken place on other kurgans in the Hortobágy and Nagykunság
(Sümegi 1992; Barczi et al. 2003, 2004, 2006; Joó et al. 2007; Sümegi and Szilágyi
2011; Szilágyi et al. 2013).

This research can be considered as the first phase of a long-term program on the
scientific research of kurgans. Thus, the methodology of sampling and analysis was
fundamentally based on the results and conclusions gained in Quaternary paleo-
ecological and archeogeologic studies in Hungary and abroad (Sümegi 2001, 2002,
2003). It is worth noting that fine stratigraphic sampling was already used in the 1950s
in Quaternary paleoecological and archeogeologic studies internationally, as well as in
Hungary (Hokr 1951; Kretzoi 1953, 1957; Kriván 1955; Stieber 1956; Vértes et al.
1956; Krolopp 1961; Jánossy 1962, 1979; Jánossy and Kordos 1976; Kordos 1983;
Sümegi 2001, 2002, 2003).

These results clearly show that the methodology reintroduced by the representa-
tives of the so-called landscape ecology (Barczi and Joó 2003, 2009; Barczi 2004;
Barczi et al. 2009, 2011, 2012; Pető and Barczi 2011; Tóth et al. 2014, 2015) is a
regressive approach, since sediment samples are taken only from the visually distinct
macroscopic soil layers. As most scientists (Cushing and Wright 1967; Jánossy 1979;
Horáček and Ložek 1988) studying Quaternary objects, including archeological ones,
have concluded that sampling from only macroscopic layers will yield skewed results.
This statement is even more valid in the case of such an archeological object as an
earthen pyramid (kurgan, burial mound) having been piled up of soil. However, the
level of elements and carbon must have changed considerably during the soil
development process, and later due to ground water table fluctuations and precipitation
percolating into the soil.

It must be considered that postgenetic influences, like carbonate movements, or
secondary soil formation, can easily cover the real characteristics of the original soil
content. By the individual sampling of soil layers, one will gain only a pool of data, but
hardly with any trend. Thus, the analysis and interpretation of these data are highly
problematic, as nothing more can be scientifically concluded other than that the layers
are different, which is already obvious from the macroscopic examination. This method
does not allow statistical analysis, and does not inform the results of research on the
genetics and precise stratification of layers. To avoid all these mistakes, all sections and
core samples were analyzed in 2–4 cm sections with fine stratigraphic methods.
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Conclusions

The mound that was the object of the study is situated in the Hortobágy in a
diversified geomorphological environment predominated by hydromorphic cherno-
zem soil types, and a mosaic of marshland, alkaline, and loess steppe vegetation. The
study began by taking large-diameter core samples on a cold winter day, under
pollen-free conditions. The 10-m core sample gave a panoramic view of all strata of
the mound and the substrate. The radiocarbon measurements and dating have revealed
the history of the environment. The baserock formation during the Ice Age was
followed by soil development in the Holocene, while the mound was constructed at the
end of the Copper Age by the communities of the Pit Grave (Yamna or Ochre Grave)
Culture. At least two layers of piled up soil have been identified. While dating of
the construction layers needs to be further refined by the AMS analysis (under
preparation) of organic remains preserved in the particular layers, it is already certain
that both of the construction layers were piled up at the end of the Copper Age.

This study can be considered as a pilot research one, aiming for a much larger-scale
scientific program, with the objective of studying kurgans by the means of undisturbed
core sampling. The ongoing AMS analyses are amended with phytolith, pollen,
malacological, and micromorphological investigations. The results are to be summa-
rized in a publication on the environment and construction of kurgans. Since the
results of this preliminary research are in line with earlier kurgan studies, publishing
these results is already worthwhile. By publishing these preliminary data, we also
wanted to draw attention to the need of concentrated and focused research efforts, and
of using standardized methodology in kurgan research, so that the results from
different studies performed by different research groups are consistent and compara-
ble. At present, comparative studies are virtually impossible, not only due to the
different drilling and sampling techniques, but also because of the lack of standardized
methodology in fine stratigraphy and a common understanding of geology, paleo-
ecology, and geo-archeology.
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Barczi, A., K. Joó 2003: A hortobágyi Csípő-halom morfológiai és talajtani elemzése [Pedological studies
on Csípõ-halom (mound) in Hortobágy (Hungary)]. – Földrajzi Értesítő, 52, pp. 37–45. (in Hungarian)
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állapotfelmérése, tájtörténeti leírása és helyreállítási javaslata. Kutatási jelentés [Review, landscape
history of and restoration proposal for the mounds in the Kígyósi-puszta reference area of the
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a refugium of loess grassland vegetation. – Kitaibelia, 20, pp. 143–149.
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Penksza, K., T. Kiss, E. Herczeg, A. Nagy, Á. Malatinszky 2011: Anthropogenic impacts and management
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Sümegi, P. 2009: Ember és környezet kapcsolata a középső-bronzkorban: az őskori gazdasági tér fejlődése
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IRSL dating of the Dunaszekcső loess sequence (Hungary): Chronology for 20 to 150 ka and
implications for establishing reliable age-depth models for the last 40 ka. – Quaternary Science Reviews,
106, pp. 140–154.

Vaday, A. 2004: Chronological tables. – In: Visy, Z. (Ed): Hungarian Archeology at the Millenium. Nemzeti
Kulturális Örökség Minisztériumának Kiadványa, Budapest, pp. 473–477.

Vanuxem, L. 1843: On the ancient oyster shell deposits observed near the Atlantic coast of the United
States. – Reports of the Association of the First, Second and Third meetings of the American Geologists
and Naturalists. Gould, Kendall and Lincoln Press, Boston, pp. 21–23.

Vértes, L., D. Jánossy, M. Herrmann, J. Stieber 1956: Ausgrabungen in der Petényi und Peskő Höhle
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