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Abstract:
Kurgans hold exceptional archaeological, natural, and environmental historical significance in the lowland landscape 
of Eastern Europe, which has been extensively altered by millennia of agricultural activity. By conducting comparative 
soil and sedimentological analyses of the buried soil levels from kurgan construction, as well as the recent surface soil, 
we can uncover environmental changes from the latter half of the Holocene. These analyses also reveal how prehistoric 
human activities influenced local soil and environmental conditions. Our research focused on a geoarchaeological ex-
amination of a burial mound in the Hungarian Great Plain. Sedimentological analyses, including grain size distribution 
and magnetic susceptibility measurements, were performed on samples extracted by drilling from this mound. This 
comprehensive investigation enabled us to distinguish between different construction layers in the kurgan’s soil ma-
terial and compare them. Additionally, it was possible to reconstruct steppe-like environmental conditions in the local 
surroundings of the kurgan before and during its construction.
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INTRODUCTION

The examination of archaeological monuments has 
become a crucial aspect in reconstructing the former 
Holocene environment, alongside natural sedimentary ba-
sins. These artifacts include former settlement sites such as 
tells, hillforts, shell mounds, and burial mounds, referred 
to as kurgans in the Eastern European steppes (Sümegi et 
al., 2015). Such research can be linked to investigating and 
determining the timeline of landscape evolution (Derese et 
al., 2010; Kinnaird et al., 2013) and, ultimately, examining 
the relationship between humans and their environment 
during the Holocene (Zhen, 2021).

Lowland landscapes of Hungary and Eastern Europe 
are dotted with kurgans, most of which can be dated back 
to the Late Copper to Early Bronze Age (3300–2500 BC). 
These mounds are associated with the Yamnaya culture, 
known for their pit-grave kurgans and widespread presence 

in Eastern Europe and Western Asia (Dani and Horváth, 
2012). In Hungary, which is the westernmost widespread 
area the Yamnaya, these stockbreeding nomads built such 
mounds for funerary purposes and can typically be found 
on elevated areas near river banks (Ecsedy, 1979; Dani and 
Horváth, 2012).

Kurgans were made up of multiple layers of different 
soils and sediment strata, which can be examined (Bede 
et al., 2015; Cseh et al., 2022). They were erected on the 
existing ground surface, where the first burial was placed, 
and the surrounding earth was utilized as construction ma-
terial (Barczi et al., 2003; Barczi, 2004; Joó et al., 2007). 
These processes altered the soil of the mounds, resulting 
in disturbed anthropogenic soils with characteristics of the 
original soil, while the previously buried soil horizon re-
mains undisturbed. The alterations in this modified soil can 
be identified and compared to the undisturbed buried soil 
profile (Cseh et al., 2022).
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The investigation of burial mounds in Hungary started 
during the 19th century, initially specifically for archaeo-
logical, botanical, or cadastral purposes (Rómer, 1878). In 
the 20th century, geological and pedological methods were 
introduced to describe the stratigraphy of these monuments. 
Currently, the study of these mounds extends beyond the 
boundaries of traditional archaeology. The examination of 
soil, sedimentary properties, and the refinement of these 
approaches enable the reconstruction of the changing envi-
ronmental factors throughout the history of the Holocene. 
Kurgans are significant because the continuous changes 
in soil, ecological, and climatic conditions make it rare for 
soil properties from past environments to remain intact. 
Therefore, it is necessary to find specific places, like kurgans, 
where conditions allowed for the retention of these proper-
ties. In these monuments, the buried soil layers beneath the 
kurgans, influenced by human activity, have maintained the 
characteristics of the earlier environment (Alexandrovskiy, 
1996). Recent geoarchaeological surveys have provided a 
path for paleoenvironmental reconstructions, thereby en-
abling researchers to gauge the intensity of soil formation 
processes over the past 5000 years (Alexandrovskiy, 2000; 
Zaitseva et al., 2005; Demkin et al., 2008).

The large number of kurgans in Hungary and Eastern 
Europe has provided opportunities for a wide range of 
investigative methods and approaches. A comprehensive 
summary of these can be found in the 2011 volume by Pető 
and Barczi (2011), which consolidates recent kurgan re-
search in the region. These mounds are not only associated 
with a specific period but have also been observed in both 

the Pit-Grave and Timber-Grave cultures. The investigative 
methods include archaeological, anthropological, pedolog-
ical, paleopedological, geochemical, and botanical (both 
paleo and recent) approaches (Pető and Barczi, 2011).

STUDY AREA

The Árpád Mound, situated at coordinates N 46°33’25”, 
E 19°58’06”, is located in the central region of the Car pa-
thian Basin (Fig. 1A). It occupies a region within the Danube-
Tisza interfluve of the Great Hungarian Plain. The elevation 
of the site is 88 m, and the mound itself rises 6 m above the 
average elevation of the surrounding plain, which is approx-
imately 82 m. Its diameter is approximately 35 m, with a 
12-m limestone obelisk at its center, built at the end of the 
19th century (Fig. 1C, D).

The geological development history of the area is pre-
dominantly characterized by the accumulation and trans-
portation of river and wind-borne sediments. During the 
late Pleistocene, a notable amount of alluvial Quaternary 
sandy sediments was deposited in the area as the previous 
alluvium of the Danube River flowed through it. At the end 
of the Pleistocene, these sediments were sorted into sand 
dunes through eolian activity (Sümegi, 2002). Additionally, 
the loessy areas of the Danube-Tisza region are a conse-
quence of dust fall during the late Pleistocene. During 
the Holocene, river-related floodplain sediments became 
significant in areas near the Tisza (Fig. 1B) (Molnár, 2015). 
Based on the most comprehensive and up-to-date study 

Fig. 1. A, Location of the Árpád Mound in Hungary (Wikimedia Commons); B, Surface geological map of the vicinity of the study area (Gyalog and 
Síkhegyi, 2005); C, Satellite image of the mound the surrounding areas (Google Earth); D, Árpád Mound (from the North) – made by the authors.
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by Lehmkuhl et al. (2021) covering the entire Quaternary 
loess and loess-like sediments of Europe, these European 
aeolian sediments can be divided into 6 major domains 
and 17 subdomains. Their formation is influenced by var-
ious geomorphological and paleoenvironmental factors, 
such as river transport, ice sheet fluctuations, permafrost 
boundaries, and vegetation cover, resulting in diverse dep-
ositional characteristics across Europe. The studied area 
falls within domain IV, the Middle Danube Basin loess 
region, characterized by sandy loess and, in the former 
floodplain of the Tisza River, covered by alluvial and flu-
vial deposits. These findings strongly support the results 
of previous research.

These geological and the climatic conditions have re-
sulted in well-characterized soil conditions in this area. 
Significant meadow and alluvial soils have developed in the 
Tisza alluvium. Sandy areas are characterized by sandy soils 
and humic sandy soils, while areas with loessy or loessy-
sandy parent material are characterized by sandy soils of 
the chernozem type. In areas with lower elevation, higher 
groundwater levels support the appearance of meadow cher-
nozems (Stefanovits, 1972; Lehmkuhl et al., 2021).

Since the Pleistocene, the Carpathian Basin has exhib-
ited a mosaic environment in terms of plant cover. Today, 
the lowland region of Hungary can be considered as the 
part of the Eurasian forest-steppe belt, which includes 
steppe meadows, steppe scrub, and a mosaic of oak forests 
(Sümegi et al., 2012; Cseh et al., 2022).

The area of Hungary, including the region between the 
Danube and Tisza rivers (Fig. 1A), is situated within the 
temperate climate zone. The Carpathian Basin is affected 
by three main climatic influences: the western oceanic, the 
southern Mediterranean, and the northeastern dry conti-
nental. According to the Holdridge classification system, 
which is based on the potential evapotranspiration rate, 
mean annual precipitation, and mean annual tempera-
ture, this region is classified as a cold temperate grassland 
(Holdridge, 1947). The Péczely classification system cat-
egorizes it as warm and dry region (Péczely, 1979). The 
mean temperature in the eastern part of the southern Great 
Plain is approximately 10.5°C, with July being the warmest 
month (average temperature of 21.8°C) and January being 
the coldest month (average temperature of 1°C). The av-
erage annual precipitation is quite low, ranging from 500 
to 550 mm, with 300–350 mm falling during the growing 
season, making it one of the driest regions in the country.

MATERIAL AND METHODS

Sampling and Macroscopic Analysis

In order to obtain an ample amount of material for the 
various measurements, a motorized spiral drill with a 4 cm 
diameter was utilized to execute the sampling procedure. 
The external part of the samples was extracted to avert 
contamination due to the exposed auger and was not in-
corporated in the subsequent evaluation of the sediments. 

The samples were extracted with continuous, undisturbed 
sampling, with the interval of 5 cm. As a result, the section 
of 377 cm yielded a collection of 74 samples for further 
analysis.

The sediment and soil layers were analyzed utilizing 
general stratigraphic principles at the research site. The wet 
color of the samples was assessed with the Munsell Color 
Chart (Munsell, 2000), establishing a dependable founda-
tion for further differentiation of sediment and soil lay-
ers. This standardized process provides the opportunity to 
compare the continuous sediment material of this kurgan 
with data sets obtained from other, even fully excavated 
mounds. Identification of soil layers was performed in ac-
cordance with the Hungarian Soil Classification System 
(Stefanovits, 1972), which enables precise differentiation 
of various subtypes of Chernozem soils. The WRB classi-
fication (IUSS Working Group, 2015; Michéli et al., 2019) 
can be cross-referenced with this system. Classic cherno-
zem soil can be classified as chernozem, while meadow 
(hydromorphic) chernozem is classified as gleysols. As a 
result, meadow chernozem is a more accurate description of 
a chernozem-like soil impacted by fluctuating groundwater, 
from a soil genetic perspective.

Gran Size Analysis

The determination of the grain-size composition fol-
lowed the Bokhorst’s principles (Bokhorst, 2011). Prior to 
the measurements, samples underwent pre-treatment us-
ing hydrogen peroxide (30% H2O2) and hydrochloric acid 
(10% HCl) to eliminate organic material and carbonates. 
Subsequently, 0.7 g of the sample was mixed with 30 mL of 
sodium hexametaphosphate (Na2P6O18) solution to disag-
gregate individual granules. Samples were also subjected to 
ultrasonic cleaning to prevent disaggregation of the grains. 
The prepared suspensions were then filtered through a 0.5 
mm sieve. Subsequently, the grain-size composition was ana-
lyzed using an Easysizer 20 laser sedigraph instrument at the 
Department of Geology and Paleontology, the University of 
Szeged. This instrument uses 2 MW of energy and a He-Ne 
laser with 0.6328 μm wavelength (Sümegi et al., 2019) and it 
measures 42 particle size ranges between 0.0001 and 0.5 mm 
with its 54 built-in detectors. The results were presented in 
line diagrams, with particle size ranges classified based on 
the Wentworth scale (Wentworth, 1922).

Magnetic Susceptibility

Magnetic susceptibility is a parameter that quantifies 
the content of magnetizable elements in sediments. To 
measure this parameter, bulk samples were prepared and 
homogenized using a porcelain mortar prior to analysis. 
Measurements were performed on every sample (the inter-
val of 5 cm) using a Bartington MS2 Magnetic Susceptibility 
Meter operating at a frequency of 2.7 MHz (Dearing, 1999). 
Three replicate measurements were taken from each sample 
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and the mean value was calculated. The magnetic suscepti-
bility values reported in this study are presented in units of 
×10−8m3kg−1 SI.

Organic Matter and Carbonate Content Analysis

In order to evaluate the proportion of organic matter and 
carbonate content in the samples, Dean’s Loss on Ignition 
method was applied (Dean, 1974; Hieri et al., 2001). This 
method is commonly utilized for quantifying the carbon-
ate and organic matter content in carbonaceous sediments. 
Initially, the 74 samples were air-dried for 24 hours at 65°C 
and then homogenized in a porcelain mortar. The weight of 
the crucibles used was determined to the nearest 0.0001 g 
(mc), and approximately 3 g of the sample was added. The 
crucibles were then subjected to heating at 105°C (for 24 
hours) and weighed (m105). After further heating at 550°C 
(for 2.5 hours), the crucibles were weighed again (m550). 
The organic matter content was subsequently computed, 
and further heating at 900°C (for 2.5 hours) was performed 
on the same samples to calculate the carbonate content us-
ing the following formulae:

Organic matter content (%) = 
100 − ((m550 − mc)/(m105 − mc)) × 100

Carbonate content (%) = 
100 − ((m900 − mc)/(m550 − mc)) × 100

The quantified percentages of organic matter and car-
bonate within sediment samples are representative of their 
Total Organic Carbon (TOC) and Total Inorganic Carbon 
(TIC) contents, respectively.

Radiocarbon Measurement

The Nuclear Research Center of the Hungarian Aca-
demy of Sciences in Debrecen (Hungary) conducted AMS 
14C radiocarbon dating on a charcoal fragment sample dis-
covered in the burial level of the mound. The preparation of 
the sample and the measurement followed the procedures 
described by Hertelendi et al. (1989) and Molnár et al. 
(2013). To determine the calendar and BP ages, the con-
ventional radiocarbon ages were calibrated using IntCal 
20 calibration curves (Reimer et al., 2020) and presented 
with a 2-sigma confidence level (>95% for each sample) by 
using the CALIB 8.1.0 software.

RESULTS

Results of Macroscopic Layer Description

Through the macroscopic examination of the section 
drilled at the central part of the kurgan, the general con-
struction layers could already be distinguished based on the 

Munsell Color Chart, i.e. color of the layers, the material of 
the soil, and the state of its compaction (Fig. 2).

The sedimentary layer below 377 cm constitutes the 
bedrock of the kurgan’s parent material and consists of yel-
lowish-grey wind-blown sand with some carbonate. This 
sediment can be observed in the surroundings of the ex-
amined area in the form of oval hills and elongated resid-
ual ridges. Between 357 cm and 377 cm, a reddish-brown 
(10YR 3/6) fine sand/very fine sand layer can be found with 
burnt traces in the sediment material.

Above this layer, between 312 cm and 357 cm, a layer 
with a color of 5YR 3/3 (dark reddish brown) can be found. 
Based on its structure, it could have been a burial chamber 
filled with soil, which is also evident macroscopically by 
the presence of charred wood remains.

Above it, between 287 cm and 312 cm, another layer 
filled with soil associated with a presumed collapsed burial 
chamber can be observed, with soil material of a color 
10YR 2/2 (very dark brown). Organic matter spots and 
small bone remains can also be found in its material.

Subsequently, the material of the first construction 
layer of the kurgan can be found between 287–232 cm. 
It can be divided into two parts. The lower part (between 

Fig. 2. The different layers of the drilling section of the mound with short 
macroscopic descriptions. The codes found in the stratigraphic sequence 
represent the Munsell colors of the respective layers, with the coloring of 
the layers corresponding accordingly.
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242–287 cm) is a soil material rich in charcoal with a color 
of 10YR 3/2 (very dark grayish brown), on the top of which 
a compacted layer of 10 cm can be found with a color of 
10YR 2/1 (black) (between 232–242 cm). This 10 cm can 
be distinguished as the upper part of this construction layer.

On the top of the previous layer, the second construction 
layer of the kurgan (between 232–162 cm) was deposited. 
This level can also be divided into two parts. The lower part 
between 232–162 cm is a disturbed blackish-brown (10YR 
3/2) soil layer. The upper 10 cm of this layer (between 152 
cm and 162 cm) can be described as a compacted layer 
again with a color of 10YR 2/2 (very dark brown).

Between 152–62 cm, the third construction layer can 
be found with a thickness of almost 1 meter. The lower part 
of this layer between 152–97 cm is a disturbed blackish- 
brown (10YR 3/2) soil. Within this layer (between 62–
97 cm), another – presumably collapsed – disturbed zone 
can be observed with organic matter spots, small snail 
shells and bone fragments. On top of this, between 97 cm 
and 62 cm, a thicker layer of blackish-brown (10YR 3/2) 
soil can be found which can be interpreted as the fourth 
construction layer.

The uppermost level of the kurgan is the recent soil, 
which, based on its macroscopic characteristics, can be 
considered as the A (0–12 cm, color: 10YR 2/2) and B 
(12–22 cm, color: 10YR 3/3) horizons of chernozem soil.

Magnetic susceptibility results

The magnetic susceptibility results measured in the 
drill core section show a highly varied picture in terms of 
the magnetic element content of the section, allowing for 
the identification and delineation of distinct layers (Fig. 3).

The maximum value of MS in the section was found 
in the lowest layer (357–377 cm), where it reaches a value 
of 0.8 between 362–372 cm. This could indicate the pres-
ence of iron-rich ochre used in burial practices (Ecsedy, 
1979), which contains significant proportion of iron, thus 
can cause high MS values, but this cannot be proven due 
to the lack of macroscopic findings. In the lower section 
of the core, MS starts to increase. Subsequently, MS val-
ues sharply decrease at the boundary of the next layer, 
and within the collapsed, infilled burial chamber, it drops 
to less than a tenth of its value in the layer between 357–
312 cm.

In contrast, in the upper part of the previous layer and in 
the following layer, which can be distinguished macroscop-
ically, MS values start to increase and fluctuate between 
0.25 and 0.33, which can be considered significant for the 
entire section. At the boundary of the next layer, from 287 
cm, MS values in the previous layer sharply decrease and 
maintain a fluctuating but constant value until the upper 
part of this layer (up to 242 cm). This suggests the forma-
tion of a homogenous soil layer with a thickness of about 40 
cm, which was exposed to similar environmental impacts 
during its development. In the upper part of this layer, MS 
starts to increase again, and in the next thin layer (between 

232–242 cm, construction break, former trampled surface) 
it shows high MS values ranging between 0.18–0.3.

In the next layer (between 232–162 cm), magnetic sus-
ceptibility sharply drops again compared to the prominent 
values of the underlying compacted surface, then slowly 
increases until the top of the layer, although this increase is 
not very significant (from 0.05 to 0.1).

The following layer can be distinctly separated from the 
layer below. MS values increase significantly at the bound-
ary of the layer over a few centimeters, defining another 
distinguishable layer with a thickness of 10 cm between the 
depths of 162 and 152 cm. The average MS value here is 
0.17. From 152 cm, MS values suddenly decrease to about 
a third of the upper part of the previous layer, and fluctuate 
between 0.05–0.1 in a relatively balanced manner. This pat-
tern defines another layer between the depths of 152–97 cm.

Based on the changes in MS values, another layer can 
be distinguished between 97–62 cm. Here, MS increases 
compared to the previous layer. Significant changes within 
the layer itself cannot be distinguished; the values fluctuate 
between 0.13–0.24 in a balanced manner without a clear 
trend. Between 62 and 22 cm, another 40 cm thick layer 
can be separated. MS shows a sudden significant decrease 
(from 0.24 to 0.06) from the boundary of the previous layer, 
followed by slow but balanced growth until the top of the 
layer, where it reaches a value of 0.16.

Based on the changes in magnetic susceptibility in the 
uppermost layer, a distinct layer can be identified from 
the depth of 22 cm, where the relatively high MS values 
range between 0.27–0.37. According to macroscopic ex-
aminations, this layer corresponds to the A and B horizons 
of the recent soil. However, this is the only layer where 

Fig. 3. The results of magnetic susceptibility (MS) measurements con-
ducted on samples extracted from the drill core of the Árpád Mound.
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macroscopically distinguishable layers cannot be precisely 
determined based on the LS due to the transitional nature 
of the A and B horizons.

Sedimentological and Pedological Results

Based on the results of LOI measurements (organic 
matter, inorganic matter, and carbonate content) as well 
as the grain size composition, the drill core profile can be 
divided into layers that are very similar to the macroscopic 
observations of the kurgan. The measured values of the 

LOI measurements and the grain size composition can be 
observed (Figs 4 and 5).

In the lowest, well-defined section of the drilling core 
(between 377–357 cm), the organic matter content is very 
low (around 1%), and the carbonate content is less than 1%. 
In terms of grain size composition, this layer differs signifi-
cantly from the construction layers of the kurgan itself. In 
the lowest sample of this layer, the fine sand fraction exceeds 
40%, and very fine sand is around 5%. The clay fraction 
averages 6%, and the remaining ~50% of the particle size 
is composed of aleurite fractions. Upwards in this layer, the 
proportion of sand decreases significantly (Fig. 4).

Fig. 4. The percentage distribution of the grain size composition in the stratigraphic sequence from the clay fraction to the medium sand fraction.
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The next layer (between 357–312 cm) is characterized 
by an average organic matter content of around 7% and 
increased carbonate content (average: 25%). Significant 
changes can also be observed in the grain size composition, 
with an average clay content of 18%, while the sand frac-
tions practically disappear. Therefore, the sediment can be 
considered predominantly composed of aleurite, with the 
domination of finer aleurite fractions.

In the subsequent layer (between 312–287 cm), signif-
icant changes occur in the values of the carbonate content 
– it decreases to an average of 8.5%, about one-third of 

the previous layer. Very fine sand reappears in the grain 
size composition, and the aleurite fractions shift towards 
coarser aleurite, while the average clay content decreases 
to less than 1%.

The next well-defined layer is located between 287–
232 cm. There are no significant changes in the organic 
matter content, but the carbonate content starts to increase 
abruptly at the boundary of the layer and remains constant 
throughout the entire layer (average: 22%). The clay content 
increases significantly, reaching the maximum value (25%) 
of the entire section. The proportion of the sand fractions 

Fig. 5. The results of the Loss on Ignition (LOI) measurements conducted on samples extracted from the drill core of the mound—The organic matter 
content is represented by the Total Organic Carbon (TOC), while the other carbonate material is represented by the Total Inorganic Carbon (TIC).
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– except for a spike to 15% – is lower than 1%, and the 
proportion of finer and coarser aleurite fractions is more 
balanced.

Another layer can be distinguished between 232–
152 cm. Both the organic matter content (average: 8.2%) 
and the carbonate content (average: 25%) show a slight 
increase, resulting in a decrease in inorganic matter. The 
clay content varies with a minimum of less than 1% and 
a maximum of 24%. This layer is also predominated by 
aleurite fractions, although in some samples, a higher per-
centage of very fine sand can be observed.

The layer between 152–97 cm does not show any 
changes in LOI results. What distinguishes this layer is a 
significant decrease in clay content to an average of 2%, 
and a shift in grain size composition towards coarser par-
ticles, with an average of about 10% for the very fine sand 
fraction.

Between 97 and 62 cm, there is a decrease in both 
organic matter and carbonate content, but no significant 
changes are observed in the grain size composition. The 
layer between 97 and 62 cm shows a decrease in organic 
matter and carbonate content, but there are no significant 
changes in the grain size composition.

Between 62 and 22 cm, both organic matter and carbon-
ate content start to increase again, showing approximately 
constant values within the entire layer, with averages of 
around 9.5% and 24%, respectively. Changes in the grain 
size composition include an increase in clay fraction (aver-
age: 6%), which shows continuous growth within the layer, 
from 2% to 11%. The dominant particle fraction in this 
layer is still the medium and coarse aleurite.

The uppermost level of the drill core sequence is the 
recent surface soil (22 cm – surface), where both organic 
matter and carbonate content are lower than in the previous 
level. The carbonate content decreases from 15% to 4% 
towards the surface, while organic matter shows relatively 
constant values with an average of 6%. A noteworthy change 
is a decrease in the clay content from 11% to 0%, as well as a 
decrease in finer aleurite fractions, with the coarser aleurite 
and sand content exceeding 10% at the surface.

Chronological results

A radiocarbon dating was performed on a charred wood 
sample extracted from the 347–352 cm depth of the kurgan, 
specifically from the level of the collapsed burial chamber 
at the bottom of the kurgan. This measurement dates back 
the calendar age of the charcoal residue between 3352 and 
3090 BC as it can be observed (Table 1).

DISCUSSION

Based on the analysis of samples extracted from a total 
of 377 cm of drilling and the measurements performed on 
them, the kurgan can be divided into a total of 12 different 
layers. These 12 layers, in terms of their origins, can be 
consolidated into four distinct construction phases. Among 
the measurement data, due to significant, temporally vary-
ing human disturbances, the grain composition in addition 
is only moderately useful, whereas the magnetic suscepti-
bility results are highly effective for defining these layers. 
The results of the particle size distribution measurements, 
although they show some variability, do not exhibit any 
particular trend and generally present a fairly homogeneous 
picture, except for the presence of larger, sandier lenses 
derived from the bedrock. Therefore, in terms of particle 
size distribution, the entire profile—including the material 
of the kurgan—is quite homogeneous, consisting mostly of 
silt. This is evidence of a loess origin, upon which cherno-
zem-like soil has developed, detectable on both the former 
and current surfaces. Only the lowermost sample of the 
profile deviates significantly from the relatively homoge-
neous composition.

The lowest level, beginning at 377 cm, has already pen-
etrated the ancient Pleistocene sand, as indicated by the 
presence of sandy sediment. Additionally, human influ-
ence is evident, as the reddish color and prominent MS 
values suggest the use of ochre, which frequently appears 
earlier times, in Bronze Age cultures as well. Red-painted 
skulls are known, for instance, at Dévaványa (Ecsedy, 
1979) and the Black Sea periphery of the East European 
Plain (Anthony, 2007). In the latter case, ochre-painted 
face masks were also created (Ślusarska, 2006). It can be 
assumed that it was present during the funeral ceremonies 
here as well, given that it appeared in these earlier and later 
periods.

The subsequent layers between 357–242 cm (Fig. 6) 
can also be interpreted as a collapsed burial chamber 
containing bone fragments and charred wooden remains. 
Precise identification of these remains requires further 
investigation; however, the age of the charcoal remnants 
indicates that the deposition and disturbance of the layer, 
thus the formation of the burial level, can be dated to 
cal BC 3352–3090. This timeframe, considering the geo-
graphical context, supports the kurgan’s association with 
the Yamnaya culture. The soil material of the kurgan 
generally developed on loess bedrock, which overlaid the 
sandy deposits. This resulted in chernozem soil, indicative 
of the presence of grassy steppes during the Holocene. 
Between 232–243 cm, the first deposition level likely con-
cluded, as evidenced by the high MS values indicating an 
ancient soil surface and the denser character of the layer, 
which suggests a former trampled surface (Sümegi et al., 
2015).

The subsequent layer, between 232–152 cm (Fig. 6), 
represents another thin stratum formed later than the previ-
ous one due to its stratigraphic position. This layer consists 
of disturbed soil material with low MS values and lacks any 

Table 1. Results of radiocarbon measurements conducted on char-
coal remains found in a sample taken from a depth of 347–352 cm 

in the borehole drilled into the Árpád Mound.

Lab Code Material Depth 
(cm)

14C yr 
BP ± (cal AD/BC) (±2s)

DeA-23159 charcoal 347–352 4496 33 cal BC 3352–3090
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Fig. 6. 
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indications of a burial chamber. It is followed by a denser 
layer, characterized by higher than decreasing MS values, 
representing an ancient trampled surface indicative of an-
other pause in deposition (Sümegi et al., 2015).

The third deposition layer, located between 152–62 cm, 
also consists of disturbed soil material. Based on the dis-
turbance, it is presumably a former burial level or a level 
that indicates activity connecting to rituals or burial feasts, 
containing significant bone remains, snail shells, and black 
organic matter spots. This requires further examination to 
clarify the bone fragments found at the deposition level. 
This level is followed by the fourth deposition level, from 
62 cm to the surface, which features a very thin, approxi-
mately 20 cm, undisturbed chernozem soil development at 
the top.

The upper two levels should be discussed together, con-
sidering that the level of the third deposition is surprisingly 
close to the surface. This proximity can be attributed to 
alterations made to the kurgan’s surface in the late 1800s, 
due to the construction of a 12-meter-high obelisk at its 
center. This explains the appearance of the very thin and 
young undisturbed soil layer, as well as the close prox-
imity of the former human-disturbed level to the surface. 
It is conceivable that the kurgan, in its original state, was 
higher, meaning this level might have been deeper beneath 
its surface. Additionally, future geochemical investigations 
would be necessary to determine how the limestone content 
of the obelisk on the kurgan’s surface has influenced the 
mineral composition of the kurgan’s soil, with particular 
attention to its carbonate content. In addition, further drill-
ing will be necessary in the future around the mound to 
better distinguish the conditions influenced by natural and 
anthropogenic processes.

Beyond their intrinsic significance, the investigations 
conducted at the Árpád Mound have also provided an op-
portunity to contextualize the kurgan within a local frame-
work, corroborating and complementing existing findings. 
Similar to other kurgans studied in this region of the Great 
Hungarian Plain (e.g., Császárné Mound – Cseh et al., 
2022, Vesszős Mound – Cseh et al., 2019), the initial con-
struction layer of the Árpád Mound dates back to the Late 
Copper Age – Early Bronze Age, corresponding to the 
primary expansion period of the Yamnaya culture in the 
Carpathian Basin. Each of these kurgans was constructed 
in multiple stages, with previous studies suggesting several 
burial phases. However, actual burial chamber materials 
have not yet been identified in other kurgans, which is 
now successfully done at the Árpád Mound. The appear-
ance of sandy bedrock at a depth of 372 cm supports the 
hypothesis proposed by Sümegi et al. (2015) that kurgans 
were originally constructed on elevated surfaces to miti-
gate the effects of high groundwater levels near the Tisza 
River. This elevation created an artificial microenviron-
ment where typical chernozem soil could develop instead 
of water-affected chernozem. Thus, it can be concluded that 
the Árpád Mound not only supports but also significantly 
supplements the findings of previous studies conducted on 
kurgans in this region.

CONCLUSIONS

The geoarchaeological investigation of the Árpád Mound 
has provided valuable insights into kurgan construction and 
the environmental conditions of the Great Hungarian Plain 
during the Late Copper to Early Bronze Age. Through soil 
and sediment analysis, magnetic susceptibility measure-
ments, and radiocarbon dating, the study revealed a com-
plex, multi-phase construction process involving ritualistic 
practices within the 4 distinguishable construction layers. 
Sedimentological data allowed for the reconstruction of 
Holocene environmental conditions and the development 
of Chernozem soils indicative of grassland vegetation. This 
highlights the dynamic landscape of the Carpathian Basin. 
The study also underscores the impact of prehistoric hu-
man activity on local soils, creating distinct anthropogenic 
layers. Radiocarbon dating aligns the mound’s construc-
tion with the Yamnaya culture, emphasizing its cultural and 
territorial significance. In conclusion, this study enhances 
our understanding of kurgan construction, prehistoric en-
vironmental conditions, and the interplay between ancient 
societies and their environment, paving the way for future 
geoarchaeological research in the region.
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