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Abstract: Soil profiles buried as a result of the ritual manifestation of late Copper and Early Bronze Age
cultures provide unique opportunity to examine the former environment an (f to evaluate soil forming

rocesses. The origin of the habitats linked to the appearance of alkaline soils on the Great Hungarian Plain

as always been in the lime light of pedological and geochemical research. To assess the different scientific
theories, we carried out pedological, geochemical and mineralogical examinations at Csip6-halom kurgan,
situated in the Hortobagy region. Not only the buried soil horizons, but the cultural layers of the structure
were analysed in order to understand vertical soil chemical processes within the kurgan. Steppe and alkaline
steppe dominated soil evolutionary patterns underneath and on the surface of the earth mound were
detected, which preseumes similar environmental conditions of the ancient landscape as it is seen today.
Keywords Great Hungarian Plain, pedological and geochemical research, landscape

1. INTRODUCTION

The notion "Anthropocene’ (Crutzen and Stoermer 2000, Crutzen 2002) — as an alternative
denomination for the Holocene — refers to an era predominated by the impact of human kind on
the landacape and environment.. Still, the second part of the Quaternary Period bears the most of
the visible witnesses of human kind. Beside the rise and fall of civilizations, the effect and
influence of mankind on its environment (landscape) can already be demonstrated in this period.
This is a time when cultures appear and hydrological, geomorphological, zoological and botanical
aspects of the Carpathian Basin are formed to their present state (Stefanovits et al. 1999). In
comparison with the tectonic movements of the Pleistocene, the Holocene has been a ’quiet’
period. Though the results of relevant research activity (Fikoh and Krolopp 1983; Willis et al. 1997,
1998; Magyari et al. 1999; Stimegi 1998) points out that sedimentary basins may have occured.
With the examination of these, it is possible to demonstrate differences between Pleistocene and
Holocene environmental evolution, and to examine the formation of Holocene environment in the
Carpathian Basin.

According to climate change tendencies, the Holocene in the Carpatian Basin is divided to five
phases, such as the preboreal (10 200-9000 years BP), boreal (9000-7500 years BP), atlantic (7500-5000
years BP), subboreal (5000-2500 years BP) and subatlantic (2500-present years BP). The length of the
atlantic phase, which overlaps with the rise of Copper and Bronze Age cultures, covers a time
intervall of approximately 2500-3000 years (So6, 1965; Jarainé, 1997). According to the scientific
opinion of the previously cited authors, the mentioned phase can be generally characterised by
warming climate, increasing precipitation, and therefore the spread of Quercus petraea dominated
forest vegetation (Jarainé 1997). The fall of temperature and the spread of coniferous species are
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the typical signs of the beginning of the subboreal phase (5000-2500 years BP). In the second part of
this phase — around 3000 BP — a rise in annual precipitation has indicated stronger areal erosion,
the appearance of significant mass movements and generation of shifting sand (Lovasz, 2002).
According to the above mentioned points, the Carpathian Basin has been occupied by forest
vegetation and can be characterised by Luvisol evolution processes. A significant cultural turn,
namely the spread of crop cultivation — as demonstrated by palinological record — and animal
breeding has played an important role in the life of these societies. By the spread of cropping and
animal breeding the territory of forest vegetation has been decreased, but on the whole the
Chernozems of the boreal phase have transformed into Luvisols in the subboreal (Somogyi, 1988)
Other opinions hold that the spread of forests on the Great Hungarian Plain cannot be proved.
According to Bodrogkozy (1980) Chernozem type soil evolution has been predominant on the
territory of the basin. The malacological examinations of Nyilas and Siimegi (1991) have supported
the previous statement. On the basis of their results we may imagine macro and meso
environmental mosaics already in the Pleistocene. This had presumably a significant buffer effect
on soil evolution and vegetational processes, causing a different environmental pattern. Whereas
the mosaic of the Pleistocene consisted of tundra, taiga, cold and/or moderate steppe vegetation
(Larix decidua, Pinus sylvestris, Picea abies, Pinus cembra) (Stimegi et al. 2002), mosaics of the
Holocene were formed by forest-steppe, dry steppe vegetation, alkaline territories and wetlands
(Barczi et al. 2003).

Similarly to the above mentioned theories, there is significant disagreement in terms of the
evolution of the alkaline territories in the Carpathian Basin. On the Hortobagy (part of the Great
Hungarian Plain) mosaics of alkaline soil territories alternate with steppe-lands. At the present,
two different concepts are known, and both describe the evolution of this area differently.
According to the first concept the ancient loess-steppe territories — situated on higher ridges — were
surrounded by closed forests, and alkaline territories only appeared in low extensions naturally.
In this sense, the evolution of alkaline soil areas of the Hortobagy are secondary, and are the latter
result of river regulations and deforestation (Soé 1929; Székely 1984; Jarainé 1997). The other
scientific tendency denies the long-existence of closed forest vegetation and puts emphasis on the
salinization of the Hortobagy in the Pleistocene Epoch. The effects (such as the river regulations,
the spread of stock-breeder cultures) of the Holocene Epoch fixed” and extended the process of
salinization (Szabolcs et al. 1978; Sz66r et al. 1991). According to the second theory the salinization
is the result of the special interaction of the parent material, climate and geomorphological
position (Somogyi 1964; Bodrogkozy, 1980; Sz6dr et al. 1991; Barczi et al. 2006a).

The counterposing and the further analysis of the relevant theories bear significant importance in
the judgement of the soil evolution (pedogenesis) of the Great Hungarian Plain and the Hortobagy.
In the first case, their appearence on the subjected area can only be traced back to a few centuries,
whilst in the light of the second theory the alkaline soil areas are characteristic phenomena of the
Carpathian Basin for thousands of years. Beside all of these considerations, the Hortobagy is an
Unesco World Heritage site in the category of human-induced (transformed) landscapes
(whc.unesco.org/sites/474rev.htm UNESCO, 1999), though it can not be excluded with total
satisfaction that the area had the similary scenery before the intensive human impact.

If we accept thestatement of Dokuchaev that ,soil is the mirror of the landscape” , than pedological
and geochemical examinations of buried paleosoils may help us to provide answers on ancient
landcape forming processes. Most — not tropical — soils were generated in the last ten thousand
years. Through the examination of soils, changes in the environment can be observed, whilst the
stability of soil generation processes give a certain answer for an environmental optimum
(Aleksandrovskii 1996). Though most of the soils in the Carpathian Basin derive from the
Quaternary Period (Varallyay and Lang 2000), well-conserved buried profiles may be more
suitable to reconstruct Holocene environment than those on the surface. Such formations are found
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buried beneath kurgans, the burials of the Copper and Bronze Age (Alexandrovsky 2000; Barczi et
al., 2006a; 2006b).
Most of our knowledge concerning the Hungarian burial mounds (kurgans) comes from
archaeological sources (Ecsedy 1979). These are focused on the function of these formations and
the state of human impacts. There is very few known of the building methods and circumstances
of these mounds. Most of these burials contains Copper and Early Bronze Age graves, Sarmatian,
Germanic and Hungarian (from the time of the Hungarian settlement in the Carpathian Basin)
cemeteries. Besides their significant archaeological and landscape value, they are bearers of certain
botanical, pedological, and palaeoecological values as well. Their excellent value in botany is that
they provide refuge areas for steppe-land associations (Barczi et al. 2004). With the observation of
these mounds we may gain information on the pedological processes since the erection of the
mound (Joé and Barczi 2001). As far as our knowledge has reached it may be supposed that these
formations were built from the humic A-horizons of the surrounding soils. The isolated and
conservated soil beneath the kurgan may bear the properties of ancient soil forming processes
(Alexandrovsky, 2000).
Kurgans are — together with other geomorphologically similar, human-made, but functionally
different formations — artificial geological structures, which bear a significant archaeological,
botanical, zoological, cultural historical and scenic (landscape) value (Toth 1999). Environmental
studies of these formations in Hungary only began in the beginning of the 20% century, though
complex archaeological and environmental surveys have only been undertaken recently.
Palaeoecological researches began with the geoarcheological examination of the Bronze Age Test-
halom kurgan (Siimegi et al. 1998). A Bronze Age tell has been examined by Fiileky (2001). Beside
the Biite-halom kurgan (T6th 1999) more burial mounds have been examined by Jod (2003) on the
territory of the Hortobagy National Park. Comparative botanical-pedological anaylses were
carried out earlier on more kurgans by Barczi et al. (2004.).
Following aims have been the motive power in recent years’ palaeopedological work:
— Pedological examinations to determine the structural characteristics of the mound body, and to
reveal the pedological attributes of the buried profile.

— Comparison of the modern topsoil with the buried
profile and the profiles in the surroundings of the
formation.

— To find regularities in and between the modern and
ancient pedological processes of the soils of the Great
Hungarian Plain (Carpathian Basin).

— To reconstruct the ancient soil forming factors and
the ancient environment of the thousands of years
old kurgan, and determine changes in soil formation.

We were looking for a mound that is situated on a

typical alkaline territory of the Great Hungarian Plain

and may represent the environment of the Copper or

Figure 1. Location of the study site - mound

Bronze Age. One of the main aspects of the selection icon shows the location of Csip8-halom
was the state of disturbance (anthropogenic impact). The kurgan within the territory of the Great
Csip6-halom kurgan - situated on the Hortobagy — Hungarian Plain (in white)

turned out to be a burial mound that fits the requirements at most (Figure 1).

The Hortobagy can be characterised by monotonous geomorphological features as it is a typical
plain area. The are does only exceed its typical 88-92 m elevation above see level on certain points,
such as the sandhill ridges along the Tisza River (Marosi and Somogyi 1990; Pécsi 1969). In
opposition, the area is highly diverse regarding its microrelief conditions due to the micro-
geomorphology of alkaline territories. The plain area of the Hortobdgy is situated in a basin
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formed by rivers during the Tertiary and Quaternary Periods. Due to the transport of rivers and
creeks, 100-200 m high silt and clay sediment accumulated on the territory, which was later
redeposited, redistributed by aeolian processes generating an uneven, rough surface. This stratum
was than later covered with a loess-clay material in the Pleistocene Epoch. In the depression, the
Tisza River accumulated its silt material. This caused the homogenization of the sediment layers
and the surface roughness (Pécsi 1969; Kovacsné and Salamon 1976; Borsy 1989). The Hortobagy
can be characterised by moderately warm and dry climate, especially when rainless periods are
accompanied by high quantity of heat and intensive solar radiation. Mean annual temperature
varies between 9,8-9,9 °C, whilst the annual precipitation between 520-550 mm, with uneven
frequencies. Surface watercourses do not spring on the territory, and those crossing it have a small
fall. In summary the Hortobagy is a dry, strongly evaporative territory with scarce run-off
(Kovacsné and Salamon 1976). Depth of ground water usually varies between 2-4 meters, but at
the study site it does not exceed 2 meters. The hydrology of the Hortobagy was determined by the
flow dynamics of the Tisza River. In case of floods, the Hortobagy was covered by water, even for
month. In order the eliminate the danger of floods, river regulation plans have already been
prepared in the 19" century. With the implementation of these plans the Hortobagy was almost
completely isolated from the periodical water overflow.

2. MATERIALS AND METHODS

Piirckhauer soil sampler (Finnern 1994) was used to conduct preliminary soil mapping on the
mound and in its surroundings. As all Hungarian kurgans and their valuable vegetation fall under
the regulation and protection of law, the sampling was not carried out in open profiles, but a
mapping coring (Birks and Birks 1980) was conducted with the help of Pal Siimegi, Head of the
Department of Geology and Palaeontolgy at the University of Szeged.

Samples from the cores were separated according to genetic soil horizons, and paralelly samples
were taken from each 20 cm-s. Basic pedological laboratory examinations were carried out on the
samples, according to the relevant standards (Buzas 1988) as follows: carbonate content with
Scheibler’s method, total organic carbon (TOC) with loss-on-ignition (LOI) method, humus%
(Tyurin’s method), pH (H20 and KCl), electric conductivity (EC), total iron, cation and anion
composition from watery extract and mechanical analysis.

Samples taken from each 20 cm were subjected to geochemical analyses. The XRF measurements
were carried out on compressed pastille samples, with Mo Ka radiation source, on 36 kV
acceleration voltage, at 4mA amperage. Etalon 146, River 320 and NBS 612 fluvial sediment
standards were used for standardization. Si, P, S, Cl, K, Ca, Ti, Cr, Mn, Fe, Cu, As, Rb, Sr, Y and Zr
quantities were measured as well. The Rock Eval data of the soil samples were determined using
standard heating conditions with Oil Show Analyzer (OSA). The oven was programmed as
follows: hold at 300 °C for four minutes, then temperature was increased at the rate of 25°C*min-!
from 300 °C to 600 °C. During the isothermal phase at 300°C thermally distilled free
hydrocarbonacous compounds evolve (S1 peak) followed by hydrocarbonacous compounnds
cracked from the organic matter (S2 peak). Flame ionization detection was used to monitor the
evolution of hydrocarbonacous compounds with increasing temperature. Both isothermal
volatilization ad thermal degradation were perfomed under helium flow in order to transport the
pirolysis products rapidly to the detectors thus minimizing the secondary ceacking reactions. The
total organic carbon (TOC) content was computed from S1 and S2. The temperature recorded for
the 52 peak (Tmax) varies as a function of the thermal maturity of the organic matter.

On the basis of the geochemical analyses 8 samples were choosen for minerological examinations,
which was carried out with DRON UM-1 XRD, using Cu radiation source, 35 kV acceleration
voltage, 20 mA amperage and LiF monochromator. In order to indentify secondary clay minerals,
sedimented and distended (ethylene glicol was used) shots were compared. Data anaylses and
processing was carried out with multivariable geomathematic methods with SPSS software. The
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examinations aimed to define those soil chemical parameters, which refer to importat soil foming
processes. 1 dimensional flow simulations ran with the help of the VS2D/t hydrodynamic software.
Basic data for the software was gained with soil machanical examinations.

3. RESULTS

3.1. Introduction of the studied burial mound

The Csipd-halom kurgan is situated on the Hortobagy. Its northern side is bordered by a road in a
distance of 200-300 m-s. The Western Main Channel is situated to its eastern side, while another
smaller channel to the south. Its elevation above ;
see level is 91,5 m and emerges 5 m-s high from
its surroundings. The eastern and westerns
slopes bear a 17% ascent, while its southern and
northern slope is slightly disformed (Figure 2).
According to the radiocarbon dating, the soil
underneath the structure was buried 6040+100
cal. BP (after Molnar et al. 2004) (Table 1). The : o ket
age of soil matter (5630+100) of the mound body Figure 2. View of the Csipé-halom kurgan

is very close in time to that of the Taple 1. The radiocarbon age of the soil horizons of the Csipé-
buried soil profile’s. Soil forming halom and its environment (Molnar et al. 2004) (Calendar

process and material movement took ages were calibrated according to Stuiver ef al. (1998)
place inside the kurgan after it was horizon ‘ “Cage  calibrated age
erected, but the small difference in (BP + 10) (15)

] Kurgan, modern A-horizon 1200+50 AD 780-880
time refers to the fact that the mound Kurgan, cultural layer 5630+100 | BC 4550-4360
was built in one single step. According Kurgan, palaeo Ap-horizon 6040+100 | BC 5040—4800
to the measurements, soil generation Environment, A-horizon 2210+80 BC 360-200

on the surface lasted hundreds of years or even more (1200+50). It seems that this period was long
enough for the generation of a Chernozem on an organic matter rich parent material.

3.2. Soils and closer environment of the mound

Microrelief conditions are diverse in the surroundings of the
kurgan - both vertically and horizontally (Figure 3). This
geomorphological situation is a result of erosion processes that
appear in mosaical territorries. Loess covered areas emerge to a
height of 20-30 cm, creating continuous ridges. On these elevations,
dry soils, while between the ridges hidromorph soils evolved,
mainly due to the higher level of ground water and the effect of the
irrigation channels in the close environment. Mosaics of
Chernozems, Solonetzic soils and Vertisols alternate in the
surrounding area of the mound. The mosaical dispersion of these
profiles types are the results of variable ground water and Figure 3. Micro-geomorphology
(micro)geomorphological attributes of the territory. of the kurgan and its

3.3. Stratigraphy and soils of the mound surrounding area
Altogether 5 locations were marked on the surface of the Csip6-mound to evaluate its stratigraphy
throught corings: top, Northern, Southern, Eastern and Western slope. The cultural layer under the
modern soil profile of the mound surface was found to be homogenous in colour. Laboratory
analysis was carried out on the samples deriving from different layers, while the layers were
identified according to on-site macromorphological evaluation. Because of the resemblence of the
data gained from the corings, we only introduce the values of the western boring (Table 2). The
material of the Western boring lacks any anthropogenic disturbance and is representative for all
layers and horizons.
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Table 2. Results of laboratory analysis of the layers and horizons of the Csip6-mound

horizon depth pH pH CaCOs  humus EC25 Fe mechanical analyses %
- cm (H0) (KCl) % % mS/cm  mg/kg clay silt sand ‘
A 0-20| 8.14 7.05 0.28 3.00 6.36 0.325 6364 42 42 23 35
B 20-80| 9.19 7.60 1.88 2.68 6.16 0.88 5241 39 39 33 28
K2 80-220 8.45 7.50 0.06 2.74 5.45 3.06 85878 41 45 30 25
K1 220-260( 9.15 7.76 1.11 2.68 5.75 1.91 4670 41 40 33 27
Ap 260-300[ 9.55 8.04 2.7 1.95 5.79 0.49 18167 41 39 36 25
Bp 300-360[ 9.56 8.07 14.7 0.57 5.36 0.55 14332 42 40 32 28
C1 360-380[ 9.66 8.05 15.2 0.37 3.84 0.58 12659 42 36 35 29
C2 380-400[ 9.73 8.06 12.9 0.33 3.38 0.64 6455 41 32 35 33

The A-horizon of the modern soil profile is slightly alkaline and its carbonate content reaches 0.3%.
Humus content (3.0%) is high compared to the other layers and horizons. Because of intensive

biological and root activity, the total organic carbon (TOC) content is high (6.36%). Total iron

content is the lowest in this horizon, which indicates the lack of water-induced development.

Texture of the horizon is silt. The B-horizon shows typical Chernozem dynamics. Organic matter

and humus content decreases slightly, while carbonate and pH increases. The amount of iron rises

showing more intensive soil moisture dynamics in the B-
horizon. Because of surplus water, reduced forms of iron
appeares. Conductivity increases as well. The cultural layer
(K) beneath the modern soil profile bears similar pH. While
CaCOs content strongly decreases. Organic matter of this
cultural layer is similar to B-horizon of the modern soil and
the paleo A-horizon. The iron content heavily increases in the
cultural layer, and so does the value of conductivity. All this
information strenghtens the hypothesis that the mound was
built of the A-horizon of the surrounding soil profiles.

Further investigations were necessary to find an explanation
for the abrupt change in some soil properties in the middle of
the structure. The increased salt content and disappearing
carbonate content was already shown by alkaline vegetation
that appeared on the disturbed Southern slope of the mound
(Jo6 2003). For the above mentioned reason we have
undertaken ion component analysis in samples taken from
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Figure 4. Conductivity and Fe content

along the profile of the Csip6-halom

kurgan

each 20 cm of the core. Conductivity reaches its maximum between 1-2 meters, while in the same

depth pH shows its minimum value (Figure 4, Table 3)

depth
cm

EC25
mS/cm

EC5

mS/cm

Mg2+

mg/kg

Table 3. Data of the conductivi

Caz+

mg/kg

Na+

mg/kg

K+

mg/kg

Cl-
mg/kg

and ion composition of the CsipO-halom

NO:s -
mg/kg

SOs >

mg/kg

0-20 0.237 . 81.2 0.58
20-40 0.242 0.136 16.5 80.0 44.70 10.5 15.40 0.58 9.20
40-60 0.439 0.303 27.0 85.3 254.5 9.1 49.33 0.56 15.12
60-80 1.448 0.907 35.0 57.0 180.0 64.0 512.32 1.52 213.27
80-100 1.663 1.029 21.0 58.1 200.0 19.5 911.50 0.67 261.39
100-120 3.170 1.921 23.0 64.9 370.0 14.6 1675.15 1.61 715.74
120-140 2.640 1.645 26.0 74.7 295.5 18.5 1631.05 0.08 433.17
140-160 3.080 1.981 39.0 58.9 353.0 52.9 1922.88 3.23 478.12
160-180 2.550 1.591 22.2 72.5 282.5 17.5 1729.90 0.35 317.84
180-200 2.890 1.813 23.1 45.5 334.0 64.4 1937.11 1.43 321.63
200-220 2.360 1.478 30.3 434 294.0 46.0 1470.77 1.34 244 45
220-240 2.550 1.520 37.8 45.8 282.5 56.0 1539.92 1.74 185.92
240-260 2.050 1.244 85.0 67.5 2425 158.0 1456.55 1.41 135.12
260-280 1.660 1.070 98.0 50.6 204.0 321.0 900.35 0.24 154.53
280-300 1.710 1.082 103.0 64.0 221.5 152.0 1082.05 1.17 87.28
300-320 1.643 1.060 50.8 141.0 213.0 78.0 1154.90 0.99 104.19
320-360 1.202 0.856 27.0 237.8 161.0 23.7 966.95 0.42 36.84
360-380 1.256 0.942 35.0 165.0 187.2 21.0 896.00 0.47 43.00
380-400 n/a n/a n/a n/a n/a n/a n/a n/a n/a

70 | Fascicule 2



ANNALS of Faculty Engineering Hunedoara - International Journal of Engineering

Mg —— il

oo - o —— ND

Ma" 2000 | 50
asa - ) . .
—_—
aon |
1500 -

E E
: ﬂl Elﬂ 1!‘! 15‘! Zﬂlﬂ 25‘! 3!‘! 35‘!
depth {cm) depth {crm)
Figure 5. Distribution of cations of the sampled Figure 6. Distribution of the anions in depth of the
profile sampled profile

Based on the previous observation, it is probable that non-carbonate salts cause the increased
conductivity. Among the cations, the Na* has its maximum in the relevant depth (Figure 5). The
amount of Ca?" cation starts to increase only in the depth of the buried paleosoil and reaches its
maximum in the parent material. K* and Mg?" cations reach their maximum on the boundary of the
cultural layer and the buried soil profile, and have a second maximum in the parent material as
well. Among the anions, NOs is only present in small quantities. The amount of SO anions
increase in the mound body, but not exactly in the depth of the highest conductivity value. On the
other hand, Cl- anion has its maximum in the relevant depth (Figure 6).

Based on these observation, we aimed to find correlation among the distribution of these ions. The
linear correlation between Na* and Cl- ions is given with bivariate linear regression. The value of
the correlation coefficient (R) was found to be 0.83892. Based on this, it is assumed that there is
strong correlation between the appearance of these two ions. On the other hand, the regression
coefficient (B) shows anion surplus (Figure 7).
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Figure 7. The correlation between Na* and Cl-ions

On the basis of the strong correlation between Na* and Cl- ions, the increased conductvity can be
the result of the salt composed of the two relevant ions. Since NaCl does not cause alkaline pH, it is
an explanation why pH in this depth did not change extremely. Our first hypothesis was that
appearance of high salt content in the mound body is in correspondance with the original salt
content of the soil matter, which was used to build the kurgan. A further fact to underline this idea
is the phenomenon of leaching, as salt content from the modern A- and B-horizon may have
effected the vertical migration of salts. At the same time, signs of strong leaching, such as
lessivage, was not detectable in the samples. Soil properties change in the Ap-horizon of the buried
soil profile. Humus content decreases slightly, but the high TOC value indicates a formerly active
soil surface. Carbonate content and pH increases as well. Texture of the horizon is silt. The higher
amount of iron may indicate an ancient waterlogged environment or it is an effect of the
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alternating groundwater that filled the buried soil profile from time to time. This idea is
underlined by the fact that the groundwater level is approximately 30 cm higher under the kurgan
as in the surroundings. Organic matter steadily decreases downwards in the Bp-horizon and in the
parent material. CaCOs content and pH increases towards the parent material and reaches 14%.
Iron content is high both in the Bp-horizon and in the parent material. It can be a sign for the
hydromorph development of these horizons. Conductivity remains under 1mS/cm, while the
texture is still silt.
3.4. Soil chemical characteristics
After the pedological tests, we have continued the research with the analysis of inorganic chemical
parameters in order to explain the salt accumulation in the cultural layer and to strengthen the
tendencies shown by the pedological data. Despite the fact that the single data of most elements
have not shown any detectable changes along the profile, according to the results after
standardization of specific elements of the XRF and Rock-Eval measurements, the univariate
analysis of the measured inorganic chemical data has shown a normal distribution.Thus, their
multivariate geostatistical analysis has become possible as well. During the factor analysis of the
pH(H20), conductivity, anions, and cations, the rotated component matrix has separated two
extremely relevant factor groups (Table 4).

Table 4. Results of the factor analysis (groups)

F1 ("soil components") factor: (SiOz, K20, Rb, Fe203, MnO, TOC, -Sr, -CaO)
F2 ("organic matter") factor: (TOC, S1, S2)
F3 ("mobile elements, redox indicators") factor: (Cr, As)
F4 ("immobile elements") factor: (Ti, Zr, Y)

The elements of the first group are: EC5, CI, Factor score

NOs, SOs, HCOs, Na*, EC2.5, and pH(H:O). Y EEY 4
The second group contains Mg* and K- ” L u
Subsequently, we have carried out a further o «

factor analysis in order to assort the inorganic » ____Léb
chemical parameters, according to which, the R T.,

rotated component matrix indicated four major 3 m \\ i

faCtor groups (Figure 8) g " 3 -2 -1 0 I 2 2 ! -3 -2 -1 0 . 2 B
The first factor (F1) can be interpreted as the F2) P o

joint change of silica, clay, carbonates, ferrous 100 3 . 100 ““B

oxides and manganese oxides, i.e. it shows the w | e 200 i
parameters together that play the most o | Th 300 M
important role in soil formation. The change of 400 Ny : 400 L E

the carbonates represented by Sr and CaO shows Y5 L= i 500

opposite tendency in comparison to silica and  Figure 8. Variation of the factor values along the
clay, i.e. the increase of one puts the other in profile; F(Cs)1, F(Cs)2, F(Cs)3 and F(Cs)4
disadvantage. The changing of F1 along the section indicates two geochemical boundary surfaces.
A really sharp boundary is located 3 meters deep, and another, less strong at around 270 cm. The
F1 shows a clear growth tendency with the depth in the mound core, and under 3 meters. In the
part between the two boundaries, at the depth of the buried A-horizon, this tendency turns
around, suggesting that element migration processes are taking place in the soil system; therefore
geochemical connection is established between two sediments with different genetics.

The elements of the second factor (F2) are TOC, S1 and S2. After the soil formation processes, the
amount and maturity of the organic matter is the second most important factor, which created the
geochemical pattern. The values of F2 show decreasing tendency with the depth, and the
“transitional zone” observed in case of F1 can be found here as well, in the same depth region

(approx. 3 meters).
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The elements of the third factor (F3) are Cr, As and Zn, which belong to the mobile elements in the
wide pH and Eh range, and upon the impact of the changes in the redox conditions get mobilized.
The behaviour of the mobile chalcophilic element group (Cr, As, Zn) along the profile, at the
boundary located over the depth around 200 cm, shows a periodic run down; however, under this
boundary it shows a chaotic behaviour. The amount of Fe and Mn stabilises under the same depth,
and in this same layer the amount of reduced iron is present in the silt based on earlier
measurements (Joo 2003). All these together suggest a redox boundary at a depth of 2 meters.
The fourth factor (F4) includes Ti and Zr, i.e. the most conservative and immobile elements. Their
uneven distribution along the section suggests the complete lack of chemical patent at the time of
the construction.
3.5. Results of the mineralogical analyses
The mineralogical analysis of eight samples has been carried out following the geochemical tests.
From the samples chosen for the X-ray examinations, on Figure 9 we present the spectra of two
parameters. The chosen samples were taken from the Ap-horizon from a depth of 270 cm, and of
110 cm respectively — the latter having witnessed minor changes during the pedological and
geochemical tests. Both samples contain kaolinite and illite, however, the intensity of both clay
minerals is 1.5 times higher in the deeper sample than in the one representing the top of the
culture-bearing layer. A group of swelling clay (smectites) has been found in the sample
representing the palaeosoil, which is not present in the shallower sample.
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Figure 9. X-ray spectra of the mound’s materials at 110 cm (a) and Figure 10. The 1D hydrodynamics
270 cm (b), on sedimentated and expanded (offset by an intensity =~ model of the Csip6-mound (saturation
value of 100) samples curves)

3.6. 1D hydrodynamic model

In order to confirm our previous analyses, we have also drawn saturation curves for a 2000-year
period with the VS2D/T software (Figure 10). The model, harmonised with the results of the other
analyses, also indicates a perched water table in a depth of 150-250 cm, which also indicates the
effect of swelling clay groups existing in the buried soil in a depth of 270 cm.

4. DISCUSSION

On the basis of the on-site macromorphological description and the various laboratory analyses
the mound could be separated to a parent material, an ancient, buried soil profile, a cultural layer
and to a modern, surface profile.

The modern soil profile on the mound is very similar to modern Chernozems with specific humus
and CaCOs dynamics. The material of the so called cultural layer derives from the top layer of the
surrounding territory. The buried soil can also be characterised as a Chernozem, according to its
properties, such as declining total organic mater and humus in depth, CaCOs dynamics and colour.
According to the pedological analysis, the former, ancient environment of the kurgan can be
characterised as a warm, dry steppe environment. Traces of closed forest vegetation are not
reflected in the soil properties, therefore it seems that forest vegetation can be excluded.
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Salt-accumulation can be seen in a depth of 150-250 cm-s, which phenomena is underlined by the
results of EC5, Cl;, NOs, SO+, HCOs, Na*, EC2.5 analysis types. An out-crop of the salt content
appeared on the Southern side of the kurgan’s surface (mantel). It can be easily seen in the form of
an association patch (alkaline halophilic vegetation) atypical for steppe associations. Groundwater,
transporting soluble salts, could not reach this height through regular capillary processes. The
appearence of the salt effected area neither can be explained through leaching. In a depth of 270
cm-s, K* and Mg?" accumulation appears, which points on the fact that secondary clay minerals are
present in higher content. It is underlined by the XRF analyses as well. The amount of kaolinite
and illite increases at 250-300 cm-s — just in the buried paleosoil zone — and expanding clay
minerals appear as well (smectite), which is underlined by the above mentioned fact of K* and
Mg? increase.
The appearance of Na* derives from the parent material present the surrounding areas. It has been
previously shown that the albite content of the loess material around the Hortobagy region is high.
Weathering of the albit can be an explanation for the appearance of the kaolinite and smectite. In
acid microenvironment albite reacts in two different ways, resulting both Na* and various clay
minerals:

1. in case of moderate hydoreffect Al-hydrosilicates may form in more steps and paralelly Na*

liberates.
4NaAlSizOs + 4H2COs + 18H20 «» 4Na+ + 8H:25i04 + Al+ 4HCO:s
2. in case of low and slow hydroeffect, if Mg?* is present smectites are produced
3NaAlSisOs + Mg? + 4H20 < 2Na0,5A11,5Mg0,55i4O10 (OH2) + +2Na+ + H25iO4

In case of the studied burial mound, probably both processes were present. This can underline the
presence of relatively high Na* content and the appearance of caolinite and smectite clay minerals.
Our first hypothesis that salinization is a result of the sodium content of the material used for
constructing the structure (soils of the surroundings) could not be certified by the chemical
analyses. The behaviour of the calcophilic elements (Cr, As) in the depth of 200 cm is periodical,
but below it is chaotic. The mount of Fe and Mn shows stability in the same depth. All these may
be the keysigns of a redox barried in the mentioned depth of the profile. This is underlined by the
1D hydrodynamic modell as well. However it can not be assumed that the groundwater rises
several meters, which is inconceivable knowing the topography of the environment. It is more
feasible that the expanding clay minerals in this depth create a hydrophobe layer and retain
moister creating a kind of "hanging” ground water level. This may cause the appearance of the
redox stratum and barrier. Since the time of construction significant element movements appeared
in the material of the mound body. As a result, the heterogenous geochemical profile evolved to
homogenous zones separated by chemical barriers. The original geochemical pattern can only be
seen in the distribution of Ti and Zr. On the basis of the geochemical distrbution of the elements it
can be stated that the mound did not reach the so called steady state condition. In summary, we
may reconstruct the former environment of the Csip6-mound as a dry and warm habitat, where
steppe vegetation was the predominant type.
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