TEOMOP®OJIOTHUA, 2022, mom 53, Ne 5, c. 103—115

VIK 551.89:574—569.9:902/904(470.3)

ITPOBJIEMbI ITAJTEOITOYBOBEJIEHUA
N TEOAPXEOJIOTUN

IAJIEOYEPHO3EMbI BPEMEHMU PA3BBUTUS CPYBHOM KYJIBTYPbI
" TPEHJIBI ITO3THETOJIOIIEHOBO DBOJJIIOIINA ITIOYB JIECOCTEIIN
BOCTOYHO-EBPOIIEVCKOM PABHUHBI

© 2022 r.

IO. T. Yenpes'*, T. A. IIy3anoBa?, ®. I'. Kyp6anosa?

! Beneopodckuii eocydapemeennwiil nayuonabhbii uccredosamensckuii ynugepcumem (BelSU), Beaeopod, Poccus
2Mockosckuii eocydapcmeennbiii yuugepcumem umenu M. B. Jlomonocosa, ceoepapuueckuii paxyrsmem, Mockea, Poccus

3 Unemumym eeoepagpuu PAH, Mockea, Poccus
*E-mail: sciences@mail.ru
IToctynuna B pegakuuio 16.06.2022 r.

IMocne nopa6otku 28.06.2022 1.
IMpunsTa K my6aukanum 15.07.2022 1.

BbinosiHeH cpaBHUTENbHBIN aHAIU3 MPU3HAKOB YEPHO3E€MOB, MOTPEeOCHHBIX 1O KypraHaMM Iepuoja
CpYOHOI KyIbTYpHO-UCTOpHYecKoit obiHoctr (3600—3400 1. H.), ux a”HanorosB 6osee paHHux (4200—
3700 1. H.) 1 60mnee nmo3aHux (2500—2200 1. H.) MEPUOIOB, a TAKXKE COBPEMEHHBIX KOMIIOHEHTOB TTOYBEH-
HOI0 MOKpOBa Ha TeppuTopuu ieHTpa BoctouHo-EBporeiickoii paBHUHEL. YepHO3eMBbl Ileproaa CpyOHoit
KyJbTYpbl (hOPMUPOBAIUCH B OOCTAHOBKE 3aMETHBIX OMOKIMMATUYECKUX U3MEHEHU, MOCIeq0BaBIINX
BCJIe 32 IEPMOAOM CcpeliHecyO0opealbHOM apyAn3aliiy KJIMMaTa. YCTaHOBJIEHO, YTO OMOXUMUYecKas me-
pecTpoiika npoduJst o coAepKaHUIO TTOYBEHHOTO OPTaHUYECKOTO BEIleCTBa orepexaia Mmopdoaoruye-
CKYIO IIepeCcTpOiiKy ¢ (hhopMHUpOBaHUEM 00Jiee MOIIIHOI TeMHOIIBETHOM YacTU PO YePHO3EMOB.
ABTOMOpGHBIE Maje0uepHO3eMbl CPyOHOTO BpeMEHH XapaKTepU30BAIUCH O0JIbIIIE OMHOPOIHOCTHIO MOP-
donornuecknx cBOMNCTB (Ha BCeX M3yUYEHHBIX YIaCTKaX — YepHO3eMbl TUTTMYHbBIE) IO CPABHEHUIO C COBpPE-
MEHHBIMU aHaJIoTaMU (BO3HUKJIY JIBa apeaja YepHO3EMOB — BBIIIEJIOYEHHBIX M TUTTMYHBIX). YepHO3eMBbl
BBbIIIEJIOYEHHbIE BOBHUKIIM Ha y4acTKax ¢ MEHBIIMMU 3aracaMy KapOoHATOB B TTOYBOOOPa3YIOLINX MOPO-
Jlax MO CPaBHEHUIO C YepHO3MaMU TUTTMYHBIMU. OOIINT TPEHI TTO3IHETOJI0LEHOBOI 3BOTIOLUM YepHO3e-
MOB BBIIIEJIOYEHHBIX M TUTTMYHBIX COCTOSUT B YBETMYEHUU MOIITHOCTU TYMYCOBBIX TOPU3OHTOB (B CpEIHEM
Ha 20 ¢cM) ¥ IOYBEHHBIX ITpoduieii (B cpeqHeM Ha 20 cM) IIpy HEM3MEHHOCTH MOILITHOCTHU IEePEXOMHOIT Ya-
ctu npoduist (A1B+BA1) u ropuzontoB B (Bk). OTiau4us COCTOSIM B pa3HbIX INTyOMHAaX BhIIIEIauBaHUs
MOYBEHHBIX NTpoduieii OT KapOOHATOB.

Karoueswie crosa: necocrenn, Boctounas EBpona, 4epHO3eMbl, 3BOJIIOLIUS TTIOYB, IMMO3AHUI roJIoLeH, Cpyo-

Has KyJIbTypa
DOI: 10.31857/50435428122050042

1. INTRODUCTION

In Russian paleopedology, a large amount of infor-
mation about features of the soils buried under kur-
gans of different historical periods has been accumu-
lated during the last decades (Zolotun, 1974; Aleksan-
drovskiy, 1984; Gennadiev, 1984; Ivanov, 1992;
Demkin, 1997; Chendev et al., 2010; Khokhlova et al.,
2010; Puzanova et al., 2017; Prikhodko, 2018; etc.).

Interest in the soils of the mounds is primarily dic-
tated by the possibility of a comparative analysis of the
properties of the soils buried under the mounds and
their modern (surface) analogues. This comparison of
the soils is frequently used to reveal the differences in
the environmental conditions between the time of
burial (the moment of the mound construction) and
the present time.

The presence of a large number of mounds as ob-
jects of cultural and historical heritage and as archives
of the paleoenvironmental information on the territo-
ry of the European and Asian parts of Russia deter-
mined the specifics of the development of the soil-
evolutionary direction in Russian soil science. One of
the advantages of studying the soils buried under the
mounds is their good preservation under the thick
earthen constructions, which protect the paleosols
from the influence of modern soil-forming processes.

In other regions of the world, the soils of kurgan
constructions are studied much less frequently and of-
ten in a rather specific way — either by studying only
soil formation on kurgan embankments (Ruhe, Schot-
les, 1956; Parsons et al., 1962), or by drilling kurgans
and buried soils with the extraction of columns of soil
material and analysis of a limited set of properties
(Kristiansen et al., 2003; Molnar et al., 2004), and
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much less often — through a full-profile study of the
buried soils (Hejecman et al., 2013).

Most of the soil-archaeological research carried
out is based on the study of paleosols associated with
the cultural layers of settlements of different periods,
while the thickness of the sediments of ancient settle-
ments overlying the paleosols is not always large
enough to protect buried soils from diagenetic changes
(Holliday, 2004; Gerlach et al., 2006; Vislouzelova et
al., 2015; Kamnueva-Wendt et al., 2020; etc.), which
can introduce errors in the research results.

Earlier studies of buried and surface soils were of-
ten limited to a comparative analysis of their properties
within local areas (Aleksandrovskiy, 1984; Gennadiev,
1984; Ivanov, 1992). However, as the space of soil-ar-
chaeological research expanded and the key sites in-
creased, prerequisites for reconstructing of the soil
properties and the conditions of soil formation in a
wider geographical space began to arise (Chendev,
Ivanov, 2007; Chendeyv et al., 2015).

In the proposed article, the primary attention is fo-
cused on studying the soils buried under the mounds
of the Srubnaya Cultural-Historical Community. The
frequency of occurrence of these objects in modern
landscapes is relatively high due to the wide distribu-
tion of the area of this culture in the middle of the Ist
millennium BC on a large territory of the forest-steppe
and steppe zones of the East European Plain — from
the Urals to the Dnieper basin (Gorbunov, 1994). The
high density of the burial mounds of this era was re-
flected in a large number of archaeological excava-
tions, in which soil scientists also participated.

The purpose of this research is a comparative study
of the features of chernozems buried under the
mounds of the Srubnaya Cultural-Historical Com-
munity and chernozems of an earlier and later period
in the centre of Eastern Europe.

2. OBJECTS AND METHODS OF RESEARCH

The territory of our study is the forest-steppe and
steppe of the East European Plain, which includes the
southern part of the Central Russian Upland and the
adjacent areas of the Poltava and Oka-Don Plains. All
studied objects are located between 49 and 52 degrees
north latitude and 35—41 degrees east longitude (fig. 1).

A large number of objects (11 out of 16), were stud-
ied by the authors of the presented article in different
years. Some objects for this research were taken from
other works (Margolina et al., 1988; Akhtyrtsev,
Akhtyrtsev, 1990; Ivanov, 1992).

The burial mounds studied at each site were usually
single objects (except the Belgorodsky, Bogdanovka,
Bobrovsky, Graivoronsky and Gubkinsky key sites) and
consisted from single-layer, i.e. constructed in one go.
The mounds were dated by an archaeological method
(using artefacts) with an accuracy of the century. For
the study region the chronology of the Srubnaya cul-
ture is not developed well and in detail. Therefore, a

more accurate radiocarbon dating method for bone,
coal and wood (from the central burials of the
mounds) was also used. The range of construction
dates for all the studied mounds is from 3360 to
3620 yr. BP (3510—3960 cal. yr. BP). This is consistent
with the opinion of one of the well-known specialists
in the studied archaeological culture I.F. Kovaleva,
according to which the spread of the Srubnaya culture
in the basin of the upper reaches of the Seversky Do-
netsk river was limited mainly to the interval of the
15th-14th (not calibrated) centuries BC (Kovaleva,
1990). In addition to the mounds of the Srubnaya ar-
chaeological culture, one mound (the Gorki key site)
was built by representatives of the late Catacomb cul-
ture about 3600 yr. BP (3950 cal. yr. BP). This mound
was included in the list of studied objects due to the
same period of the Srubnaya culture’s existence for as-
sessing and analyzing paleosols. In most cases, the
thickness of the studied constructions of mounds ex-
ceeded 1 meter. This height and loamy composition of
the embankments ensure good preservation of the
original features of paleosols (according to Demkin,
1997). The height of some of the studied mounds was
less than 1 meter — 0.6—0.9 meters due to ploughing.
Their height exceeded 1 meter until the 1950s. The de-
crease in the surface of the mounds due to steam-row
crops introduction and the heavy agricultural machin-
ery use occurred relatively recently. It did not affect of
the initial features of soils buried under the mounds.

The parent materials are presented by loess loams
and clays, and only in one area (the Gorki site) mo-
raine loams and clays of the Moscow glaciation period
were identified. The parent materials from west to east
are changed from lighter to heavier granulometric
composition. All the studied mounds were located on
well-drained watersheds with deep groundwater.
Chernozems are widespread in all studied areas (ac-
cording to field research and (Natsional’nyi..., 2011).
On the Bobrovsky site, the current groundwater depth
was four or more meters under the surface meadow-
chernozemic soils, typical for the of the Oka-Don
Plain’s interfluves (Akhtyrtsev, Akhtyrtsev, 1990).

Most of the studied sites (14) are located in the for-
est-steppe area, and only two sites (Bogdanovka and
Starokriushinsky) are located to the south, in the
steppe zone (fig. 1).

All have studied buried soils had natural undis-
turbed surfaces, what was detected according to their
flat or slightly wavy boundary with mound material; in
most cases, on the surface of buried soils has been a
visible thin pale yellow layer of parent material — ejec-
tion of loam from the grave pit of the central burials.
By this layer border between the mound and buried
soil was detected quite correctly.

The main approach of the study is the method of
soil chrono-sequences, which is based on a compara-
tive analysis of dated soils (buried and newly formed in
mounds) and their surface full-Holocene analogues,
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Fig. 1. Location of sites for soil-archaeological research of the Bronze Age burial mounds, created 3400—3600 years ago.

Site names: 1 — Bogdanovka (Ivanov, 1992); 2 — Storozhevoye (Chendev et al., 2011); 3 — Grayvoronsky (Chendeyv et al., 2015);
4 — Staraya Nelidovka (unpublished data); 5 — Belgorodsky (Chendev et al., 2015); 6 — Prokhorovsky (Chendev, 2008);
7 — Drozdy (Aleksandrovskiy, 1983; Margolina et al., 1988); 8 — Dubroshina (Aleksandrovskiy, 1983; Margolina et al., 1988);
9 — Gorozhenoe (unpublished data); 10 — Gubkinsky (Chendev, 2008); 11 — Novoe Ukolovo (unpublished data); 12 — Gorki
(unpublished data); 13 — Boldyrevka (unpublished data); 14 — Bobrovsky (Akhtyrtsev, Akhtyrtsev, 1990); 15 — Chamlyk-Ni-
kolsky (unpublished data); 16 — Starokriushinsky (Margolina et al., 1988). Green lines mark the northern and southern bound-
aries of the forest-steppe area.

Puc. 1. Cxema MeCTOITOJIOXKEHUSI Y4aCTKOB IIOUBEHHO-apXEOJOTUYECKUX UCCIeIOBaHUI KypraHoB OpOH30BOI0O BeKa, CO3IaH-
HbIX B uHTepBajie Bpemenu 3400—3600 et Ha3az.

Haszeanus yuacmkog: 1 — bornanoska (MBaHoB, 1992); 2 — CtopoxeBoe (HeHznes u np., 2011); 3 — ['paitBopoHckuit (HeHnes u
np., 2015); 4 — Crapast HenmnoBka (HeornyOIMKoBaHHbIe naHHbIe); 5 — Benroponckuit (Hennes u ap., 2015); 6 — [Ipoxopos-
ckuit (Yennes, 2008); 7 — dposnsl (AnekcanapoBckuii, 1983; Mapronuna u ap., 1988); 8 — lybpoimHa (AJleKCaHIPOBCKUIA,
1983; MapronuHa u ap., 1985); 9 — l'opoxeHoe (HeonmyoiukoBaHHbIe faHHbIe); 10 — ['yokuHckuit (Uennes, 2008); 11 — HoBoe
YkonoBo (HeomyOGIMKOBaHHbIE NaHHbIE); 12 — [opku (HeomybIMKoBaHHbIE MaHHbIe); 13 — bonabpipeBka (HeomyOIMKOBaHHbBIE
naHHble); 14 — BoOpoBckuii (AXTHIpIEB, AXThIPIEB, 1990); 15 — YaMibik- HuKombcKuit (HeOmyOIMKOBaHHBIC MaHHbIE); 16 —

CrapoxkpuylnHckuii (MapronuHa u ap., 1988). 3eneHble TMHUM — ceBepHasl U 10XKHAsI TPAHULIBI JIECOCTETH.

formed near archaeological sites in similar lithological
and geomorphological positions (fig. 2).

Based on the differences between the buried and
surface soils, conclusions were drawn about the
changes in climatic conditions that took place.

In turn, the method of soil chrono-sequences in-
cludes a fundamental method of field soil research —
the method of morphological description of the soil
profile. The results of the morphological description
of the studied soils have been presented in an abbrevi-
ated form in this article — the characteristics of the
thickness of the soil horizons and the depth of effer-
vescence for buried and surface soils are given in the
text and tables.

TEOMOP®OJIOTUS Ne 5

TOM 53 2022

For some key sites, laboratory analyses of soils, in-
cluding characteristics such as bulk density (samples
were taken using a cutting rings), particle size distribu-
tion (GOST (State Standard) 12536), pH aqueous
GOST 26423—85), total organic carbon (according to
Tyurin’s (wet combustion) method (GOST 26213—91),
the content of CO, carbonates by the acidimetric
method were provided. These types of analysis of soil
samples were carried out in the laboratories of the Na-
tional Research University “Belgorod State Universi-
ty” and the Federal State Budgetary Institution “Cen-
ter of Agrochemical Service “Belgorodsky””. Statisti-
cal calculations of the studied indicators (arithmetic
mean, error of the mean, standard deviation, coefficient
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Fig. 2. Illustration of the method of soil chrono-sequences
used in our soil-archaeological studies.

Puc. 2. Mumioctpalivist MeToIa OYBEHHBIX XPOHOPSIIOB B
MPOBEICHHBIX aBTOpPaMU MOYBEHHO-aPXEOJOTHUYECKUX
HCCIEIOBAHUSIX.

of variation) were performed using the STATISTICS
program in Excel.

Two samples (bone from a mound at the Staraya
Nelidovka site and a wood from a burial at the
Boldyrevka site) were dated in the Isotope Research
Laboratory of the Center for Collective Use “Geo-
ecology” of the Russian State Pedagogical University
A.l. Herzen.

The radiocarbon dating of the samples at
Gorozhenoe site was carried out in the radiocarbon lab-
oratory of the Institute of Environmental Geochemis-
try of the National Academy of Sciences of Ukraine
(Kiev, Ukraine) using the liquid scintillate method
(LSC) (Skripkin, Kovalyukh, 1998). The '“C isotope
content was measured on a Quantulys1220 T low-
background spectrometer. The calibration of radio-
carbon dates was carried out by A.V. Dolgikh (Insti-
tute of Geography RAS) using the OxCal v4.2.4 pro-
gram (Bronk, Lee, 2017) based on the IntCal 13 cali-
bration curve (Reimer et al., 2013).

3. RESULTS AND DISCUSSION

Srubnaya culture appeared in a wide geographic
space between the Dnieper in the west and the Urals in
the east. The standard burial ritual by representatives
of this culture was burial in pits surrounded by wooden
structures — log constructions, which were closed
from above with wooden chopping blocks and covered
with the ground until the formation of hills — mounds
with different diameters and heights. According to
Gorbunov (1994), the emergence of the Srubnaya cul-
ture in Eastern Europe is a unique phenomenon that
marks the formation of the same type of rituals and
similar infrastructure over a large territory. The reason
for the spread of representatives of the Srubnaya cul-
tural and historical community could be favourable
climatic changes — the mid-Subboreal climatic opti-
mum, which made it possible to widely develop land-
scapes and use cattle breeding by tribes of this culture in
the forest-steppe and steppe of the East European Plain.

According to palynological data, the second half of
the Subboreal period of Holocene (between 3970 and
3550 yr. BP) was marked by warming and humidifica-
tion of the climate in the study area, which, in partic-
ular, led to an increase in the expansion of forests on
the steppe areas (Spiridonova, 1991; Serebryannaya,
1992; Shumilovskikh et al., 2018). The found wood in
the burials also testifies to the significant forest cover
of the territory. Comparative analysis of the buried
soils formed in different intervals of the second half of
the Holocene in the typical chernozems modern area
(forest-steppe zone), conveys a clearly defined regu-
larity of the growth of the thickness of humus horizons
and, in general, of the humified part of the profiles
(A1 + AIB + BAI horizons) of chernozems. More-
over, the process of leaching carbonates is also traced
in studied buried soils (tabl. 1).

Table 1. Changes in the morphological features of typical chernozems in the centre of the forest-steppe zone of the East

European Plain over the past 4200 years (uncalibrated)

Taomna 1. UsmeHeHre MOpdhOJIOTHYECKMX CBOMCTB YePHO3€MOB TUITUYHBIX LIEHTPA JiecocTenHoit 30Hbl BocTtouHO-EB-
porieiickoii paBHUHEI 3a rociaenHue 4200 et (HeKaJuOpoBaHHbBIX)

Chronointervals (yr. BP) and the number of mounds studied (#)

Soil feature, % of modern features

4200-3700,n =5

3600—3400,n=9 2600—2200, n =16

The thicknessof the Al horizon 57.0+ 4.6 69.3+6.2 95.6+6.4
The thickness of Ah + AhB + BAh horizons 73.9+2.3 80.0 + 1.0 99.2 +4.0
Depth of effervescence 24.8 £ 13.2 57134 53.1+4.5

Note: data for chronointervals are used: 4200—3700 yr. BP — unpublished data of the authors — two objects in the Poltava oblast, (Chen-
dev, 2008) — one object in the Belgorod oblast, (Akhtyrtsev, Akhtyrtsev, 1994) — two objects in the Voronezh oblast; 3600—3400 yr. BP —
unpublished data of the authors — three objects in Poltava, Belgorod and Voronezh oblasts, (Chendev, 2008) — four objects in the Bel-
gorod oblast (Aleksandrovskiy, 1983; Margolina et al., 1988) — two objects in the Kursk oblast; 2600—2200 y. a. — unpublished data of
the authors — one object in the Voronezh oblast, (Chendev, 2008) — 15 objects in the Belgorod and Voronezh oblasts.

Ilpumeuanue: NCTIOIb30BaHbI JaHHBIC 111 XpOHOMHTepBaioB: 4200—3700 1. H. — HeoIyOJIMKOBaHHbIEC JaHHbBIE aBTOPOB (1Ba 0OBbEKTa
B [Nonrasckoii obmactu), 10.I. Yennena (2008) onun o6bekT B benroponackoit o6nactu), b.I1. AxteipuieBa, A.b. AxteipiieBa (1994)
(nBa o0bekTa B BopoHexckoii o6sactu); 3600—3400 j1. H. — HeolTyOJIMKOBaHHbIE JaHHbIE aBTOPOB (Tpy 00bekTa B [TontaBckoit, ben-
roponckoii 1 BopoHexckoii oonactsix), FO.I. Yennena (2008) (ueTbipe o0bekTa B benroponckoii o6nactu), A.JI. AlekcaHIpOBCKOTO
(AnekcannpoBckuii, 1983; Mapronuna u nip., 1988) (1Ba oobekTa B Kypckoit o6mactur); 2600—2200 J1. H. — HeonmyOJIMKOBaHHbIE TAHHbIE aB-
TOpOB (omuH 00BeKT B BopoHexkckoit ooiactn), FO.I. Yennena (2008) (15 oowekToB B benroponckoii 1 BopoHexkckoit 061acTsix).
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The results of studying the morphometric charac-
teristics of paleochernozems of the Srubnaya culture,
their modern analogues in the forest-steppe part of the
study area, and the differences revealed between them
are reflected in tabl. 2. Table 2 is structured following
the surface soils to different genetic groups: firstly, ar-
eas are indicated where the surface soils are leached
chernozems, then areas with typical chernozems, and
at the end, one area with meadow-chernozem soils is
located.

According to the results of statistical calculations,
in the studied paleosoil space within the automorphic
positions of the relief (the Bobrovsky site was exclud-
ed), the thickness of the humified part of the soil pro-
files (A1 + A1B + BA1) as well as the total thickness of
the soil profiles were characterized by minimal vari-
ability, and the maximum variability has been detected
for the depth of effervescence (tabl. 3).

When comparing the average values of morpho-
metric features of surface and paleochernozems, sig-
nificant statistical differences are determined by such
characteristics as the thickness of the humus horizons,
the humified part of the profiles and the depth of ef-
fervescence. The high variability of all indicators (the
coefficients of variation are in the range of 24—74%,
tabl. 3) indicates the intraregional differences in the
development of soil formation in the studied space,
both in the past and at present. Table 3 shows an in-
crease of the entire soil profiles up to 21 cm during the
Late Holocene, which is comparable to an increase in
the thickness of Al horizons up to 20 cm.

At the same time, the thickness of the lower humus
part of the profile (A1B + BA1, 23—27 cm), B (32 cm)
and BC horizons (30—31 cm) remained unchanged.

Thus, over the past 3500 years, the leading role in
the evolution of the profiles of chernozems on the ter-
ritory of the forest-steppe zone in the centre of the
East European Plain was played by the thickness of
humus horizons and the depth of carbonates occur-
rence.

A comparative analysis of the temporal develop-
ment of individual units of soil classification, — sub-
types of leached chernozems (n = 6) and typical medi-
um-thick chernozems (n = 7) is reflected in tabl. 4
(areas with thick and super-thick chernozems, in ac-
cordance with the traditional Russian soil classifica-
tion (Classificatsiya..., 1977) (Dubroshina and Drozdy
sites (Aleksandrovskiy, 1983; Margolina et al., 1988))
are excluded). Chernozems buried 3600—3400 yr. BP
in the modern distribution areas of the two indicated
subtypes of chernozems belongs to one unit of typical
thin (close to medium thick) chernozems (tabl. 4).
Throughout the studied area, they are characterised by
the identity of the depths of the carbonate table (24—
26 cm). However, in the area of distribution of modern
typical chernozems, the development of more thick
soil profiles took place in comparison with paleocher-
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nozems in the area of modern leached chernozems
distribution (tabl. 4).

In the modern soil space, contrasting differences
between the surface leached and typical chernozems
are achieved only by significant differences in the
depth of carbonate occurrence (in leached cherno-
zems — on average 111 cm, and in typical chernozems —
56 cm) and weak insignificant differences in the thick-
ness of all soil horizons and soil profiles in the whole.
The considered surface subtypes of chernozems at the
generic level belong to the category of medium-thick
ones, with the thickness of the humified part of the
profiles 73—76 cm (tabl. 4).

A comparative analysis of modern and buried soils
revealed the formation of one typical chernozem area
in the Srubny period within the two modern areas pre-
sented by leached and typical chernozems (tabl. 4).
However, there were spatial differences within this ar-
ea in the Srubny period — in place of modern leached
chernozems soil profiles and horizons had less thick-
ness comparatively with paleosoils within the modern
typical chernozem area (tabl. 4). In particular, the
less developed humified part of profiles
([A1+A1B+BAIl]) in the paleospace of modern
leached chernozems (tabl. 4) can be an indicator of
less soil fertility in these places in the Srubny period.

We assume that one of the most probable reasons
for the less or more degree of development cherno-
zems within palacosoil space could be the difference in
the combination of soil-forming factors in the com-
pared areas throughout a significant part of the Holo-
cene. Among these differences, the most probable
were intraregional differentiation of climatic condi-
tions, as well as local differences in the lithological
composition of parent materials. Leached chernozems
tend to be form on more clayey and less calcareous
soil-forming rocks in comparison with the rocks on
which typical chernozems were formed. Previously,
we have already expressed that the leached cherno-
zems were formed in areas where loess loams were
characterized by an initially smaller amount of car-
bonates (Chendev, 2008). Research carried out at new
sites in our article confirms this assumption. As an ex-
ample, we provided a comparison of the profile distri-
bution of carbonates and their reserves in a 2-meter
stratum of automorphic buried and surface leached
chernozems in the Staraya Nelidovka site (Belgorod
oblast), and buried and surface typical chernozems in
Boldyrevka site (Voronezh oblast) (tabl. 5, fig. 3).

The general pattern of the two study areas is the
leaching of carbonates from the upper one-meter layer
of chernozems and their accumulation in the lower
part of the profiles, in the 100—200 cm layer during the
Late Holocene. The differences lie in the lower con-
tent and pools of carbonates in the buried and surface
soils of the Staraya Nelidovka site concerning the
buried and surface soils of the Boldyrevka site (tabl. 5,
fig. 3).
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Table 2. Morphometric features of the buried soils of the Srubnaya culture and their modern surface analogues on the ter-
ritory of the forest-steppe centre of the East European Plain (compiled from unpublished data of the authors (sites
Boldyrevka, Gorozhenoe, Gorki, Novoye Ukolovo, Staraya Nelidovka, Storozhevoe, Chamlyk- Nikolsky) and data from papers
(Aleksandrovskiy, 1983; Margolina et al., 1988; Akhtyrtsev, Akhtyrtsev, 1990; Chendev, 2008)
Taomuua 2. MopdoMeTprdecKre IIpU3HAKU MOAKYPTaHHBIX ITOYB CPYOHOIO BpeMEHU U UX (POHOBBIX aHAJIOTOB Ha Tep-
puTopuu Jecoctenu HieHTpa BoctouHo- EBporneiickoit paBHUHBI (COCTaBIESHO IO HEOITYyOJIMKOBAaHHBIM JaHHBIM aBTOPOB
(yaactku boadvipesia, Topoxucenoe, Topku, Hosoe Yikonoso, Cmapas Heaudosxa, Cmopoicesoe, Yamavik-Hukoavckuil) u
naHHBIM U3 paboT (Aleksandrovskiy, 1983; Margolina et al., 1988; Akhtyrtsev, Akhtyrtsev, 1990; Chendev, 2008)

Thickness (for effervescence — depth), numerator — cm, denominator —% of modern values
No Soi Al Al1B + BAI Al 4]_32} B+ B Profile Effervescence
Staraya Nelidovka site, 3620 = 45 yr. BP (radiocarbon date), surface soil — leached chernozem
1 |buried 18/42.9 13/59.1/ 31/48.4 39/95.1 111/80.4 32/27.1
surface 42/100 22/100 64/100 41/100 138/100 118/100
difference +24/+51.1 +9/+ 40.9 + 33/+ 51.6 +2/+4.9 +27 /+18.6 +86 /+72.9
Belgorodsky- 1 site, 3500 yr. BP (arch. date), surface soil — leached chernozem
2  |buried 46/97.9 22/71 68 /87.2 21/84 113/78.5 24/16.7
surface 47/100 31/100 78/100 25/100 144/100 144/100
difference +1/+ 2.1 +9/+29 +10/+ 12.8 +4/+16 +31 /+21.5 +120/+83.3
Prokhorovsky site, 3500 yr. BP (arch. date), surface soil — leached chernozem
3 |buried 35/56.5 22/122.2 57/71.3 21/95.5 103/81.7 35/37.2
surface 62/100 18/100 80/100 22/100 126/100 94/100
difference +27/+43.5 —4/-22.2 +23/+28.7 +1/+4.5 +23 /+18.3 +59/+62.8
Gorozhenoe site, 3360 = 25 yr. BP (radiocarbon date), surface soil — leached chernozem
4 |buried 17/41.5 15/65.2 32/50 20/80 114/100 17/23.6
surface 41/100 23/100 64/100 25/100 114/100 72/100
difference +24/+58.5 +8/+34.8 +32/+50.0 +5/+20 0/0 +55 /+76.4
Novoe Ukolovo site, 3500 yr. BP (arch. date), surface soil — leached chernozem
5 |buried 35/67.3 10/55.6 45/64.3 21/48.8 113/80.1 20/22.7
surface 52/100 18/100 70/100 43/100 141/100 88/100
difference +17/+32.7 +8/+44.4 +25/+35.7 +22/+51.2 +28 /+19.9 +68/+77.3
Chamlyk- Nikolsky site, 3600-3550 yr. BP (arch. date), surface soil — leached chernozem
6 |buried 36/38.2 24/171.4 50/61 25 /69.4 98/71 14/9.3
surface 68/100 14/100 82/100 36/100 138/100 150/100
difference +42/+61.8 —10/-71.4 +32/+39 +11/+30.6 +40/+29 +136/+90.7
Storozhevoye site, 3500 yr. BP (arch. date), surface soil — typical chernozem
7  |buried 17/48.6 38/115.2 55/80.9 47/97.9 144/90 17/25
surface 35/100 33/100 68/100 48/100 160/100 68/100
difference +18/51.4 —-5/—15.2 +13/+19.1 +1/+2.1 +16 /+10 +51/+75
Grayvoronsky site, 3500 yr. BP (arch. date), surface soil — typical chernozem
8 |buried 52/80 30/85.7 82/82 40/160 145/93.5 25 /59.5
surface 65/100 35/100 100/100 25/100 155/100 42 /100
difference +13/+20 +5/+14.3 +18/+18 —15/-60 +10/+6.5 +17/+40.5
Belgorodsky -2 site, 3500 yr. BP (arch. date), surface soil — typical chernozem
9 |buried 50/74.6 16/76.2 66/75 19/73.1 107/79.3 25/55.6
surface 67/100 21/100 88/100 26/100 135/100 45/100
difference +17 /+25.4 +5/+23.8 +22 /425 +7/+26.9 +28 /+20.7 +20/+44.4
TEOMOP®OJIOTHUA  Tom 53 Ne 5 2022
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Table 2. [TponomkeHue
Thickness (for effervescence — depth), numerator — cm, denominator —% of modern values
No ol Al AlB + BAI Al —];:iB * B Profile Effervescence
Dubroshina site, 3500 yr. BP (arch. date), surface soil — typical chernozem
10 |buried 65/72.2 50/76.9 115/74.2 45/112.5 220/86.3 80/71.4
surface 90/100 65/100 155/100 40/100 255/100 112/100
difference +25/+27.8 +15/+23.1 +40/+25.8 =5/—12.5 +35 /+13.7 +32/+28.6
Drozdy site, 3500 yr. BP (arch. date), surface soil — typical chernozem
11 |buried 55/78.6 45/75 100/76.9 — - 100/80
surface 70/100 60/100 130/100 — — 125/100
difference +15/+21.4 +15/+25 +30/+23.1 — — +25/+20
Gubkinsky- 1 site, 3500 yr. BP (arch. date), surface soil — typical chernozem
12 |buried 30/54.5 25/250 55/84.6 20/90.9 100/82 25/41.7
surface 55/100 10/100 65/100 22/100 122/100 60/100
difference +25/+45.5 —15/—150 +10/+15.4 +2/+9.1 +22/+18 +35/+58.3
Gubkinsky-2 site, 3500 yr. BP (arch. date), surface soil — typical chernozem
13 |buried 37/56.9 30/120 67/74.4 40/200 130/100 30/42.9
surface 65/100 25/100 90/100 20/100 130/100 70/100
difference +28/+43.1 -5/-20 +23/+25.6 —20/—100 0/0 +40/+57.1
Gorki site, 3600 yr. BP (arch. date), surface soil — typical chernozem
14 |buried 32/106.7 17/89.5 49/100 61/135.6 - 50/119
surface 30/100 19/100 49/100 45/100 - 42/100
difference —2/-6.7 +2/+10.5 0/0 —16/-35.6 — —8/—19
Boldyrevka site, 3383 + 45 yr. BP (radiocarbon date), surface soil — typical chernozem
15 |buried 24/52.2 27/108 51/71.8 31/114.8 127/92.7 12/18.5
surface 46/100 25/100 71/100 27/100 137/100 65/100
difference +22/47.8 —-2/-8 +20/+28.2 —4/—-14.8 +10/+7.3 +53/+71.5
Bobrovsky site, 3500 yr. BP (arch. date), surface soil — meadow-chernozem soil
16 |buried 36/75 36/73.5 72/74.2 60/— 142/— 0/0
surface 48/100 49/100 97/100 — — 54/100
difference + 12/+25 +13/+26.5 +25/+25.8 — — +54/+100
Note: in table “—” — no data.
Ilpumeuanue: B Tabnuile o603HaYeHUE “—” — OTCYTCTBUE NaHHBIX.

In the two-meter soil layer of the compared sites,
the carbonate stocks in the surface soils differ by
1.7 times and the buried soils by 2.9 times, towards
higher values in the area of typical chernozems
(tabl. 5). The given example shows the initial spatial
differences in content and pools of carbonates of the
parent materials, which influenced the Late Holocene
evolution of the soils and soil cover. The natural spatial
variability of carbonates distribution in the parent ma-
terials dictates the mosaic distribution of the areas of
leached and typical chernozems.

A comparative analysis of the distribution of the
Corg content through the profile in the buried and
surface chernozems is of particular interest. As is

TEOMOP®OJIOTUA Ttom 53 Ne 5 2022

known, after burial, diagenetic changes in some fea-
tures occur in soils, including the content and stocks of
organic matter (Ivanov, 1992; Demkin, 1997). The de-
crease in organic matter content is associated with the
process of its mineralization by microorganisms,
which occurs especially intensively in the uppermost
layers of buried soils (Zolotun, 1974; Ivanov, 1992).
That is why the carbon content of organic matter in
buried chernozems is lower than in the surface soils in
most cases. It is believed that over 250—300 years after
the burial, about 50% of the original humus stocks are
lost in the upper layers of chernozems. Further, the in-
tensity of mineralization of organic matter weakens,
but continues for many millennia. So, in the upper
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Table 3. Average morphometric characteristics of chernozems buried 3600—3400 yr. BP, and their surface analogues in au-

tomorphic landscapes of the forest-steppe zone in the centre of the East European Plain

Ta6mma 3. CpenHue MopdhoMeTprUIecKre MTPU3HAKU MTOIKYypraHHbBIX YepHO3eMOB, TTorpe6eHHbIX 3600—3400 7. H., 1 Ux
(OHOBBIX aHAJIOIOB B aBTOMOPMHLIX JIaHAIadTax JecocTelnu HeHTpa BoctouHo-EBporeiickoii paBHUHBI

Thickness, cm

Statistical
indicator Al AIB+BAl | Al+A1B+BAl B profile Depth of
effervescence
Buried chernozems, n = 15
X =+ 8y 36+ 3.8 26+ 3.0 62+59 32+3.5 125+ 9.0 34+6.5
o 14.88 11.57 23.04 13.25 32.38 25.00
V, % 41 44 37 41 26 74
Surface chernozems, n = 15
X + 8y 56 +4.1 28 +4.0 84+ 7.1 32+2.6 146 £ 9.7 86 9.3
o 15.92 15.60 27.42 9.84 35.09 36.05
V, % 28 56 33 31 24 42

Table 4. Morphometric features of the buried chernozems 3600—3400 yr. BP and their surface analogues in the distribution
areas of leached and typical automorphic chernozems on the territory of the forest-steppe centre of the East European Plain
Ta6mma 4. MopdomeTpryeckre TpU3HaKU IMMOAKYPTaHHBIX Y4epHO3eMOB, morpebeHHbIX 3600—3400 J1. H., 1 X GOHOBBIX
aHaJIOTOB B apeajlax pacnpocTpaHeHUs aBTOMOPGMHBIX YEPHO3EMOB BBIIIEJIOYEHHBIX U TUTTMYHBIX HA TEPPUTOPUU JIECO-
creru nieHTpa Boctouno-EBporieiickoit paBHUHBI

Modern soil Statistical Thickness, cm Depth of
.. effervescence,
area indicator Al AIB+BA1 |Al+Al1B+BAl B profile cm
Buried chernozems, n = 6
Leached cher- X + 0y 30+ 4.6 18+2.3 48 +5.9 25+3.0 109 £ 2.7 24+ 34
nozems o 11.26 5.75 14.39 7.31 6.59 8.36
V, % 37 32 30 29 6 35
Surface chernozems, n = 6
X + 8y 52+4.5 21 +2.4 73 +£3.3 32+3.7 134+ 4.6 111 £ 12.9
o 10.97 5.87 8.07 9.12 11.34 31.62
V, % 21 28 11 29 8 28
Buried chernozems, n =7
Typical cher- X £ 0y 35+49 26+2.9 61 £4.4 37+5.7 126 £ 7.6 26+ 4.6
nozems by 12.88 7.73 11.67 15.00 18.64 12.05
V, % 37 30 19 41 15 46
Surface chernozems, n =7
X £ 0y 52+£5.7 24+32 76 £ 6.6 30+4.3 140 £ 6.0 56 £ 4.8
o 15.17 8.50 17.58 11.27 14.72 12.58
V, % 29 35 23 38 11 22

part of the buried chernozems of the Early Iron Age,
about 40% of the original stocks of humus remain, and
in the paleochernozems of the Bronze — Eneolithic
Ages — about 30% of the original stocks (Zolotun,
1974; Ivanov, 1992; Demkin, 1997). Our calculations
show that these are only general assumptions that re-
quire clarification.

Table 6 and fig. 4 show the data of the layered dis-
tribution of the organic matter content in the buried
chernozems of the centre of the East European Plain
within three different historical periods, expressed as a
percentage relative to the values in identical layers of
modern (surface) chernozems. In each chrono-se-
quence, averaged characteristics of paired compari-
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Fig. 3. Profile distributions of the carbonate CO, content in the soils of the Staraya Nelidovka ((a), surface soils — leached cher-
nozems) and Boldyrevka sites ((b), surface soils — typical chernozems). I — the distribution of the carbonate CO, in the surface
soils, 2 — the distribution of the carbonate CO, in the soils buried under the mounds of the Srubnaya culture period.

Puc. 3. IIpodubHbie pacnpenenenus conepxanust CO, kapooHaToB B mousax yuactkos Crapast Henmunoska ((a), poHoBbIe
IMOYBbI — YEPHO3EMBI BbILIEJIOYeHHBIC) U boadsipeska ((b), GOHOBBIE MOYBBI — YEPHO3EMBI TUTIMUHBIE). | — pacnpenejieHue
rokaszateJisi B QOHOBBIX IMOYBaX, 2 — paclpeesieHue MokKa3aTesis B Torpe0eHHBIX Mo KypraHaMy cpyOHOro BpeMeHU MoyBax.

sons of buried and surface chernozems are presented
by several sites (from 4 to 6).

As can be seen from the data in tabl. 6 and fig. 4,
the paleochernozems of the Srubnaya culture (3600—
3400 yr. BP) contain equal or greater content of organ-
ic matter in comparison with the paleochernozems
buried about 1 thousand years later — in the Scythian
period of the Early Iron Age.

We can conclude that during the period of the
Srubny culture’s existence, the climatic conditions in
the forest-steppe area were very favorable for the for-
mation of the humus-rich fertile chernozems. Proba-

Table 5. Carbonates carbon stocks, t/ha in soil profiles of
Staraya Nelidovka and Boldyrevka sites
Tabauna S. 3anacst Cy, 6, T/Ta B IPODUIISAX TIOYB yYACTKOB

Crapas HenmunoBka u bonmsipeBka

bly, first of all, there was form hidden (bio-chemical,
still without visual properties) enrichment of organic
matter, and then (to the end of the Subboreal period,
yet after the Srybny epoch), — its manifestation in
morphological properties (thickness of Al horizon
and its dark color) (tabl. 1, fig. 4).

Table 6. Organic carbon content by layers in buried auto-
morphic chernozems of different periods, % of modern val-
ues (forest-steppe centre of the East European Plain, mod-
ern typical chernozems area)

Taomuuna 6. IMocioiiHoe comepXaHUe OPraHMYEeCKOro yr-
Jiepojia B MOJKypraHHbIX aBTOMOP(MHBIX YepHO3eMax pa3-
HBIX TIEpUONOB, % OT coBpeMeHHBbIX 3HadeHuii (LleH-
TpaJibHasI JiecoCTeNnb, (DOHOBBIII KOMITIOHEHT MOYBEHHOTO
IMOKPOBa — YepHO3eMbl TUTTUYHbIEC)

Time of the burial, yr. BP,
n — number of objects
Layer, cm
4200—3700, | 3600—3400, | 2500—2200,

n=>5 n==6 n=4
0-20 47 +3 70+ 3 68 5
20—40 45+4 65+ 4 71 £9
40—60 46 +7 80+ 7 76 + 12
60—80 43+9 7317 86 £ 10
80—100 54+ 12 91 +£23 82+ 11
100—120 65+9 109 £ 21 80+ 13
120—140 759 95+ 16 958
140—160 89 + 17 104 + 21 93+ 10

The layer, cm
Soil

0—100 100—200 0—200

Staraya Nelidovka site
Surface 40.12 171.66 211.78
Buried 68.31 110.11 178.42
Difference —28.19 +61.55 +33.36

Boldyrevka site
Surface 36.18 330.88 367.06
Buried 216.75 294.26 511.01
Difference —180.57 +36.62 —143.95
TEOMOP®OJIOTHUA  Tom 53 Ne 5 2022
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Fig. 4. Distribution of the organic carbon content in the
profiles of buried chernozems of different periods (in % of
modern values) within the modern typical chernozems ar-
ea. Organic carbon content from the current level, in %: 1 —
less than 50, 2—50—60, 3—60—70, 4—70—80, 5—80—90, 6—
90—100, 7 — more than 100.

Puc. 4. PacripeneneHue coaepxaHusi OpraHUYeCKOro yr-
Jiepojia B IpoMWISIX MONKYpraHHBIX YepPHO3EMOB Pa3HbIX
nepuonoB (B % OT COBpEMEHHBIX 3HAYCHUIT) HA TEPPUTO-
pUM pacIIpOCTPAHEHMUS COBPEMEHHBIX Y€PHO3EMOB TH-
nuyHbIX. ColepKaHNe OPraHUYEeCKOro yriiepoaa OT CO-
BpEMEHHOTO ypoBHst, %: I — <50, 2—50—60, 3—60—70,
4—70—-80, 5—80—90, 6—90—100, 7— >100.
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In fig. 5 are represented distribution areas of the
thicknesses of the humified part of the chernozems
buried in the Srubny period (fig. 5, (a)), and also iso-
humus bands (fig. 5, (b)) are reflected the spatial dif-
ferences of the buried chernozems of the Srubny peri-
od on soil organic matter content in the 0—20 cm layer.

According to the given schematic maps, the territo-
ry of the Central forest-steppe and adjacent steppe ter-
ritories during the Srubny period was heterogeneous in
terms of thickness of the humified part of soil profiles
and organic matter content. Areas with the thickest
humified part of the profiles of chernozems (fig. 5, (a)),
are probably, related to optimal moisture regime (it
was previously hypothetically associated with the close
location of the Voeykov axis (Chendev et al., 2015).
It was also noted that the organic matter content in
the soils in the Srubny period increased eastward
(fig. 5, (b)). This pattern for the surface soil cover of
the East European chernozems at the end of the
XIX century was established by Dokuchaev (Doku-
chaev, 1883).

4. CONCLUSIONS

The conducted research allows us to draw a number
of the following most important conclusions.

1. The Srubny period was marked by a change in
natural conditions that followed the arid climate epi-
sode in the Middle Subboreal time on the East Euro-
pean Plain. The humus-rich part of the profile of the
meadow-steppe chernozems of the forest-steppe zone

(b)
30° 36° 42°
54° Ryazan 540
Mogilev
Bryansk
Tambov
Orel
3354
2.5
4.5
i 4
Kiev 15
3
2.5
48° Dnepropetrovsk ~ Donetsk 48°
30° 36° 42°

0 500 km
]

Fig. 5. The thickness of the humus-rich part of the profiles of the buried chernozems in the Srubny period (% of the current val-
ues) (a) and the humus content in the 0—20 cm layer of these soils, abs. % (b). Compiled on unpublished and literature data (noted

in fig. 1).

Puc. 5. MouHoCcTh TyMyCUPOBaHHOI YacTy Mpoduieii MoAKYypraHHbIX Y4ePHO3EMOB CPYOHOro BpeMeHHU (% OT COBPEMEHHBIX
3HaueHuit) (a) u conepxkaHue rymyca B cioe 0—20 cM 3Tux 1mous, abe. % (b). CocraBiieHO 10 HEOITyOJIMKOBAHHBIM JaHHBIM aB-
TOPOB CTaThU Y JIMTEPATYPHBIM CBeACHUSAM (YKa3aHHBIM B MIOIMUCH K puc. 1).
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began to grow, and a less expressive tendency for
leaching of carbonates was noted. “Hidden” (bio-
chemical) enrichment of organic matter took place
earlier than its manifestation in morphological prop-
erties of chernozems (growth of Al horizon and its
dark color formation). Buried chernozems of the
Srubnaya culture in comparison with their later ana-
logues of the Early Iron Age contain more organic
matter despite the longer time of diagenesis.

2. On the territory of the forest-steppe centre of
Eastern Europe, the automorphic paleochernozems of
the Srubny period were characterised by a greater ho-
mogeneity of morphological properties (in all studied
areas, they were identified as typical chernozems with
high carbonate table) compared to their modern ana-

113

logues (two areas of chernozems were formed —
leached and typical). Leached chernozems are located
in areas with lower carbonate content in the parent
materials compared to the areas of typical cherno-
zems.

3. The general trend of the Late Holocene evolu-
tion of leached and typical automorphic chernozems
consisted of an increase in the thickness of humus
horizons (by an average of 20 cm) and soil profiles (by
an average of 20 cm). In contrast, the thickness of the
transitional part of the profile (A1B + BA1) and hori-
zons B (Bk) remained the same. Differences were con-
nected with different depth of leaching from carbon-
ates in the studied soils.

PALEOCHERNOZEMS OF THE SRUBNAYA CULTURE PERIOD AND TRENDS
OF LATE HOLOCENE EVOLUTION OF SOILS IN THE EAST-EUROPEAN

PLAIN FOREST-STEPPE

Yu. G. Chendev**, T. A. Puzanova’®, and F. G. Kurbanova¢
¢Belgorod State National Research University (BelSU), Belgorod, Russia
5L omonosov Moscow State University, Faculty of Geography, Moscow, Russia
¢Institute of Geography RAS, Moscow, Russia
#E-mail: sciences@mail.ru

A comparative analysis of the features of the chernozems buried under the mounds of the Srubnaya culture
(3600—3400 years ago), earlier (4200—3700 years ago) and later analogues (2500—2200 years ago) have been
carried out. Also, modern chernozems of the East European Plain central part were studied. The chernozems
of the Srubnaya culture period were formed in an environment of noticeable bioclimatic transformations after
the period of the Middle Subboreal climate aridization. It was found that the biochemical rearrangement of
the profile in terms of the content of soil organic matter outplaced the morphological transformation with the
formation of a thicker dark-colored part of the chernozem profile. The automorphic paleochernozems of the
Srubny period were characterised by a greater homogeneity of morphological properties (in all studied areas,
they were identified as typical chernozems with high carbonate table) compared to their modern analogues
(two areas of chernozems were formed — leached and typical). Leached chernozems were formed in areas
with lower carbonate content in the parent materials compared to the areas of typical chernozems. The gen-
eral trend of the Late Holocene evolution of leached and typical automorphic chernozems consisted of an in-
crease in the thickness of humus horizons (by an average of 20 cm) and soil profiles (by an average of 20 cm).
In contrast, the thickness of the transitional part of the profile (A1B + BAI) and horizons B (Bk) remained
the same. Differences were connected with different depth of leaching from carbonates in the studied soils.

Keywords: forest-steppe, Eastern Europe, chernozems, soil evolution, Late Holocene, Srubnaya culture
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