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Abstract—Soil-archeological studies were performed in the area of the ancient Russian settlement Sorokino 1
dating back to the 13th century AD and located in the upper reaches of the Orlik River (Khotynets district, Orel
oblast) within the natural zone of deciduous forests. Morphological, physical, and chemical properties of soils
associated with the archeological monument and with the background area under the forest were analyzed. Phy-
tolith spectra and the radiocarbon age of soil organic matter were determined in the paleosols of the archeolog-
ical monument and in the background surface soils. A comparative analysis of the soil features—indicators of
the environment—allowed us to determine and characterize the main stages of the formation of soils and land-
scapes under the influence of climate changes and anthropogenic factors. Climate-related alternation of the
phases of steppe and forest development in the study area was revealed. Steppe conditions in the Boreal period
of the Holocene were replaced by the spreading of deciduous forests in the Holocene Optimum (Middle Atlantic
period). At the end of the Atlantic period, steppe landscapes reappeared in the area, which was reflected in the
intensification of the activity of steppe burrowers (mole rats) in the soil profiles. Steppe formation in river valleys
during the Medieval Climatic Optimum was replaced by the propagation of forests in the subsequent Little Ice
Age. The analysis of phytolith complexes of different ages indicated that the forests growing in the studied area
in the Late Holocene included both deciduous and coniferous trees and reflected cooler climatic conditions in
comparison with the deciduous forests without conifers of the Atlantic Optimum. In the recent centuries of the
active agricultural development, forests have been replaced by arable land and hayfields, which has led to the
formation of chernozems in the areas previously occupied by dark gray forest soils (Luvic Greyzemic Phae-
ozems).

Keywords: Central Russian Upland, ancient Russian settlements, paleosols, anthropogenic evolution of soils,
Chernozems, Phaeozems, Luvisols
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INTRODUCTION

For many years, interdisciplinary soil-archaeolog-
ical studies have been performed on the territory of the
East European Plain. Their results at each new studied
site expand the range of ideas about the historical
stages of the economic development of the territory
and regional features of the natural development of
soils and landscapes in the Holocene. One of the long-
studied regions is the Central Russian Upland [1, 2,
15]. In this area, soil and archaeological investigations
have been performed in all natural zones—from the
zone of deciduous forests to the steppe zone, but not
uniformly everywhere. The least studied part of this

area is the northern forest-steppe and the zone of
deciduous forests.

In May 2017, in the zone of reconstruction of the
Druzhba Oil Pipeline in Khotynets district of Orel
oblast, employees of the Chernozemye Scientific and
Production Association under the supervision of
S.V. Uvarkin conducted archaeological excavations
in the area of the ancient Russian settlement
Sorokino 1; soil geographers also took part in this
work. The study area corresponds to the southern
part of the zone of deciduous forests near the bound-
ary with the forest-steppe zone.

The aim of our study to trace the historical stages of
the formation of the evolution of soils and the environ-
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Fig. 1. A scheme of soil-archaeological investigations at Sorokino 1 key site and its environment in different historical periods.
Forests on the maps of (7) 1785 and (2) 1867; (3) location of the soil-archaeological site; and (4) location of the studied back-

ground soils under forest.

ment under the impact of natural and anthropogenic
factors in the area of Sorokino 1 key site.

OBJECTS AND METHODS

The study area is located 40 km northwest of Orel,
within the interfluve and valley of the Orlik River in its
upper reaches (2 km south of its source). The nearest
settlement—the village of Sorokino—is found 1 km
south of the excavation site.

In the study area, two zonal soil subtypes are most
common: gray and dark gray forest soils [10] (Haplic
Luvisols (Loamic, Humic) and Luvic Greyzemic
Phaeozems (Loamic), respectively [20]). This indi-
cates that prior to the beginning of the modern eco-
nomic development of the territory about 300—
400 years ago [13], local landscapes were represented
by deciduous forests. This is important in the context
of paleoenvironmental reconstructions performed
for the studied archeological site.

To restore the natural appearance of vegetation in
the study area, a historical-cartographic study was car-
ried out using an analysis of large-scale historical carto-
graphic sources and a high-resolution satellite image of
the modern period. We used the plan of Bolkhovsky
district of Oryol governorship on a scale of 1 : 42000
dated back to 1785 (the period of the general land survey
of the Russian Empire) [11] and a fragment of the Mil-
itary Topographic Map of the Orel province of 1867 on
a scale of 1 : 126000 [5]. Satellite information obtained
from the web source ArcGISWorldlmagery (https://
www.arcgis.com/home/webscene/viewer.html) char-
acterized the modern situation.

Land uses in the area of the archaeological site in
1785, 1867, and 2017 are depicted in Fig. 1. According
to the presented scheme, a significant segment of the
eastern part of the Orlik River valley from the outer
edge of the floodplain to the local divide was covered
by forests at the end of the 18th century. However, the
western part of the river valley and the adjacent water-

shed were used for cropland 230 years ago. According
to the map of 1867, certain changes occurred in the
forest cover of the study area. The territory covered
with forests near the archeological site noticeably
decreased, whereas the part of the land to the east of
the Orlik River was still characterized by an island-
type distribution of forest groves. The analysis of the
maps of 1785 and 1867 demonstrates that forests
closely approached the floodplain part of the Orlik
River in places without significant transformation by
the agricultural activities. Thus, we can assume that
almost the entire territory shown in Fig. 1 was under
forest vegetation in the period before the agricultural
development of this land (before the 17th century). It is
probable that river floodplains were also under forest
vegetation, though these floodplains are characterized
by numerous places of the discharge of springs and are
often swampy. In particular, the Orlik River floodplain
in the investigated area was covered by forests.

In some places of the study area, a characteristic
feature in the history of its economic development was
the use of areas freed from forest for agricultural land
with further abandonment of the land, which was
again overgrown with forests. This is seen from Fig. 1,
where the dynamics (disappearance—appearance) of
forest groves can be traced at two sites.

One of these areas (the only forest fragment pre-
served in the modern period) was used as the back-
ground site to study the features of pedogenesis under
forest vegetation. On the map of 1785, it is depicted as
an arable land. On the map of 1867, it was under a for-
est, which is still growing today. Thus, the period of
continuous existence of the forest at this site is at least
150 years. The duration of the previous stage of arable
land was probably relatively short (first decades). The
features of former plowing could not be identified in
the soil profiles examined at this site. Thus, we sup-
pose that the period of the development under forest
vegetation for more than 150 years is sufficient for an
EURASIAN SOIL SCIENCE  Vol. 52
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almost complete restoration of characteristics features
of forest soils.

In addition to the background soils, we also studied
the main objects of study were the soils formed in the
area of the archeological site. Six soil pits were exam-
ined on different elements of the local topography: from
a gentle watershed slope to the floodplain of the Orlik
River. Additionally, we studied the features of pedogen-
esis associated with the functioning of the ancient set-
tlement and with the buried hollow stretching down the
valley slope from the ancient settlement in its upper end
to the floodplain. In the bottom of this hollow, buried
soils were examined; we also analyzed the soils develop-
ing from the material filling the hollow.

The objects of archaeological research were the
cultural layers of the settlement; they contain artifacts
that are used for archeological dating and for identify-
ing various ethno-cultural features of the functioning
of this historical monument. The area of archaeologi-
cal excavations at the settlement of Sorokino 1 exceeds
20 ha. According to the artifacts, this settlement was
founded in the first half of the 13th century. According
to pottery fragments, the most probable period of its
active functioning was from 1200 to 1240 AD. The end
of its existence, according to archaeologists, was asso-
ciated with the raid of the Mongol-Tatars. This is evi-
denced by traces of fire in wooden structures of dwell-
ings in the settlement and by the discovered treasure of
agricultural items hidden in an unfinished pit for stor-
ing grain.

A set of diverse methods were applied in the study:
morphological analysis of soil profiles, comparative
geographic method, archaeological dating by artifacts,
radiocarbon dating of soil organic matter, phytolith
analysis, determination of the bulk density of the soil,
potentiometric determination of the pH of soil sus-
pension, and determination of the content of the CO,
of carbonates (acidimetric method) and the organic
carbon content by wet combustion (Tyurin’s method).
The cultural layer of the settlement was dated by the
archeological methods. Radiocarbon dates were
obtained for the humus of the soils of different ages
and for the material filling the tunnels of burrowing
animals (mole rats). The radiocarbon dating was per-
formed in the Radiocarbon Laboratory of the Institute
of Environmental Geochemistry of the National
Academy of Sciences of Ukraine (Kiev, Ukraine)
using the liquid scintillation counting method [22].
The C isotope content was measured on a Quantulys
1220T ultra low-level liquid scintillation spectrometer.
Calibration of radiocarbon dates was performed in the
Radiocarbon Laboratory of the Institute of Geogra-
phy of the Russian Academy of Sciences (Moscow)
using OxCal v4.2.4 calibration program [19] based on
the IntCal 13 calibration curve [21]. Phytolith analysis
was performed at the Institute of Geography of the
Russian Academy of Sciences using the standard
method [7].
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RESULTS AND DISCUSSION

The background soils under the natural forest were
studied in the upper part of the watershed slope pass-
ing into the slope of the local balka (ravine) to the east
of the village of Sorokino, about 3 km southeast of the
archaeological site. The slope of 1.5°—2° was covered
by a monodominant birch forest with mature trees of
30—35 m in height and up to 40 cm in diameter. The
average distance between the trees was 7—8 m; the
canopy density was about 60—70%. Mountain ash and
buckthorn were found in the undergrowth. About 15%
of the soil surface was covered with herbs, including
starwort (Stellaria sp.), strawberries (Fragaria sp.),
goutweed (Aegopodium poagraria), Solomon’s seal
(Poligonatum sp.), lily-of-the-valley (Convallaria
majalis), and wood bluegrass (Poa nemoralis). The
soils studied in the pits were identified as silt loamy
dark gray forest soils developing from silt loamy cal-
careous loesslike loam (Luvic Retic Greyzemic Phae-
ozems (Loamic) [20]).

The average morphometric characteristics of the
studied background soils (according to the description
of four soil profiles) are as follows: Al (0—20 cm)—
A1A2 (20—39 cm)—A1A2B (39—49 cm)—A2Bt (49—
70 cm)—Bt ( 70—98 cm)—BtC (98—137 cm)—Cca
(137—180 cm). The effervescence starts from 128 cm.

The features of these soils attest to their long-term
development under the forest canopy ; they have
clear features of the textural differentiation in the
form of bleached eluvial part of the somewhat coarser
texture and the underlying dark-colored illuvial part
with brown coatings on ped faces and heavier texture
(Bt horizons).

At the same time, the presence of the tunnels of
mole rats with somewhat blurred boundaries attests to
the former stage (or stages) of steppe pedogenesis that
could take place in the past, under more arid climatic
conditions of the Holocene. The existence of such
stage(s) was earlier demonstrated by paleosol studies
in the northern part of the Central Russian Upland
and in the southern taiga subzone [1, 3]. Data on the
radiocarbon age of humus from the fine earth material
filling these tunnels as probable relics of the stage of
dark-humus (chernozemic) pedogenesis are given in
Table 1.

The phytolith analysis of this material from pit 3
(for which the radiocarbon dates were obtained)
demonstrated the virtual absence of microbiomorphs
in it. Thus, the material filling the tunnels was formed
from phytolith-free soil layers that filled the tunnels.
According to Golyeva [7], the information value of soil
layers saturated with phytoliths, as a rule, spreads to a
depth of 40 cm from the soil surface. At the same time,
the presence of the gray-colored humified material in
the paleotunnels suggests that this material was
derived from the humified part of the paleosol pro-
files. Thus, we can suppose that the humus layer of the
paleosols had an increased thickness (>40 cm) and
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Table 1. Radiocarbon age of humus in the material filling mole-rat tunnels in the soil profiles of Sorokino 1 key site

Radiocarbon (*C) age
Sample Labi)l?tory noncalibrated, | calibrated calibrated cal BP, median (m),
BPu* (16, 68.2%)** | (25,95.2%)y* | MW=\ . gp
sigma (o)

Background; pit 3, 80—90 cm| Ki-19388 4220 + 160 49704523 5301—4357 4775 £ 234 4757
Background; pit3, 150—155 cm| Ki-19389 10900 = 150 | 12959—12699 | 13080—12576 | 12829 * 133 12819
BS, pit 10, 85—98 cm Ki-19381 7460 + 180 8417—8050 8630—7934 8272 £ 181 8268
BS, pit 10, 95—105 cm Ki-19382 7700 % 180 8950—8389 9075—8196 8645 + 221 8618
BS, pit 10, 80—90 cm Ki-19383 6680 + 120 7655—7461 7786—7329 7557 £+ 101 7554
BS, pit 10, 100—110 cm Ki-19384 7260 £ 150 8288—7940 8381-7796 8092 £ 147 8091

BS, buried soil at the bttom of the paleohollow. * Radiocarbon dates are given in years before 1950 (BP—before present). ** Calibrated
ages are also given in years before 1950 (cal BP). At 16, the probability is 68.2%; at 26, 95.4%.

Table 2. Distribution of siliceous microbiomorphs and groups of phytoliths in the soil samples from Sorokinno 1 key site, %

Total Spicules Phytoliths
Sample 1 2 3 4 5161 7|8
species/%
Background; pit3, Al, 0—20 cm 201/100 — 201/100 57 9 8 20 | 4 |1 | — | 1
BS, pit 10. [A1'], 0—5 cm 390/100 — 390/100 58 8 11 18 2 —| 31—
BS, pit 10. [A1], 15—24 cm 96,/100 — 96/100 | 57 | 6 12 17 6 | —| -1 2
BS, pit 10, mole tunnel, 80—90 cm 22/100 1/5 21/95 76 | — 14 0 (—-|—-1-1-

Vegetation cenoses: (/) dicotyledonous herbs, (2) conifers, (3) forest grasses, (4) meadow grasses, (5) steppe grasses, (6) weeds, (7) reed

grass, and (&) sedges.

that the tunnels of mole rats were filled with the mate-
rial from the deep part of the humus horizon.

According to the phytolith spectrum from the
Al horizon of the background dark gray forest soil (0—
20 cm), the composition of the microbiomorph com-
plex is typical of the upper part of the humus soil hori-
zons (Table 2). The phytolith complex is diverse and is
characterized by a predominance of phytoliths of
meadow herbs with elements of steppe flora and
weedy vegetation. There are also phytoliths of conifers
and phytoliths of forest grasses. Many phytoliths are
charred. In general, the phytolith analysis of the
humus horizon of the background soil under forest
attests to the good cover of herbs with elements of rud-
eral flora developing under a mixed type of woodland.
The spectrum of phytoliths is characterized by a mixed
composition with participation of meadow-steppe
herbs, weeds, and forest vegetation and can be consid-
ered a reflection of the complicated history of the
landscape subjected to a break in its development
under forest during the period of active agricultural
development of this territory in the 18th century. The
discrepancy between the results of the phytolith anal-
ysis (attesting to the good cover of herbs under the for-
est canopy) and the real situation (modern herbs cover
no more than 15% of the surface) is also an argument
in favor of the complicated history of the formation of

the phytolith complex of this soil with alternation of
the periods with dense and sparse cover of herbs. We
argue that the phytolith complex of the upper 20-cm-
thick soil layer reflects the landscape history in the
past 300—500 years.

The main soil studies of the archeological site were
performed in the northern part of the archeological
excavation and on the adjacent territory. We examined
a catena from the local divide to the floodplain of the
Orlik River (Fig. 2) and the buried soils in the paleo-
hollow on the valley slope (Fig. 3).

The uppermost pit 5 was studied on a gentle (1.5°—2°)
slope in the northwestern part of the archeological
excavation under a cropland with winter wheat. This
soil profile was significantly altered by centuries-old
agricultural activity (judging from the plan of 1785, the
studied site had been already used for crop cultivation
by that time, i.e., the period of its continuous agricul-
tural development is more than 230 years). The soil pro-
file had the following horizonation: Ap (0—29 cm)—
AlB (29—43 cm)—BA1 (43—63 cm)—B1t (63—97 cm)—
B2t (97—118 cm)—BtCg (118—146 cm)—Cg (146—
180 cm). The soil did not contain carbonates in the
entire profile (180 cm). It was diagnosed as a silt loamy
podzolized chernozem with gleyic features in the deep
horizons (ground-gleyed soil) developing from the
EURASIAN SOIL SCIENCE  Vol. 52
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heavy loesslike loam (Luvic Greyzemic Chernic Phae-
ozem (Loamic, Aric) [20]).

Podzolization features are manifested by whitish
skeletans in the B1t and B2t horizons and, in some
loci, even deeper (down to the BtCg horizon). It is
probable that the initial soil (before its agricultural
development) represented a gray forest soil (Haplic
Luvisol [20]) formed under the canopy of broadleaved
forest. However, the long-term economic develop-
ment of the territory, including the ancient Russian
period of the existence of the settlement and the agri-
cultural use of soils in the recent centuries, contrib-
uted to darkening of gray forest soils and their transfor-
mation into chernozems (Chernozems [20]). The
transformation (progradation) of gray forest soils into
chernozems upon the long-term plowing in the forest-
steppe zone has been considered in previous publica-
tions [16, 17]. This process manifests itself in the
increased content of organic matter in the entire pro-
file of the cultivated soil (pit 5) in comparison with the
background soil under forest (pit 3) (Table 3). The
accumulation of humus takes place upon the long-
term (>100 years) soil cultivation in the extensive
farming systems with low rates of the applied organic
fertilizers [15—17]. The studied area near Sorokino 1
archeological site confirms previous conclusions.

The second studied soil (pit 11) was found on a
gentle (3°) slope of the Orlik River valley in the north-
eastern part of the archeological excavation. This area
was at the periphery of the ancient Russian settlement.

The soil profile does not contain morphologically
distinct features of the anthropogenic influences in
the past and at present (except for indirect impact of
forest cutting and transformation of the former forest
plot into hayfield). This soil has been developing
under the hayfield for more than 230 years. The forb—
grassy vegetation includes wheat grass, meadow grass,
sage, euphorbia, bedstraw, field strawberry, dande-
lion, yarrow, etc.

The soil examined in pit 11 has the following hori-
zonation: Sod mat (+3—0 cm)—Al (0—45 cm)—AIB
(45—62 cm)—B (62—80 cm)—BC (80—95 cm)—BCca
(95—155 cm). Carbonates in the form of pseudomyce-
lium appear from the depth of 90 cm. The soil profile
is considerably disturbed by burrowing steppe animals
(mole rats). The features of podzolization are absent,
and this soil can be classified as a leached chernozem
(Luvic Chernozem (Loamic, Pachic) [20]). Taking
into account the initial analogy of this soil with the
dark gray forest under the forest (pit 3) and the results
of analyses, we argue that the long-term soil function-
ing under the regularly mown hayfield is accompanied
by the transformation of the former gray forest soil into
chernozem with an increase in the thickness of the
humus horizon and humus content and some accu-
mulation of carbonates.

Within the same hayfield, somewhat lower down
the slope, on its steeper part (4°—8°), the profiles of
EURASIAN SOIL SCIENCE  Vol. 52
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Fig. 2. Hypsometric profile across the interfluve slope and
the Orlik River valley with indication of studied soil pits

and classification position of the soils: CHP—podzolized
chernozem, CHP®—podzolized deeply gleyed chernozem,

CH'—leached chernozem, and MG—meadow-gley soil.
Land use: (/) cropland, (2) hayfield, and (3) floodplain
wet meadow.

podzolized chernozems (Luvic Greyzemic Chernic
Phacozems (Loamic, Pachic)) were studied in three
pits. In these soils, whitish skeletans could be seen
down to the BC horizon. The soils did not contain car-
bonates in the entire profile (over 150 cm). The fea-
tures of podzolization in these soils attest to their
development under forest vegetation in the past. How-
ever, the Bt horizon (as in pit 5) is not developed,
which may be indicative of a shorter period of the soil
development under forest canopy. The humus layer
has an increased thickness (A1 + A1B, 50—60 cm); the
soils contain numerous tunnels left by mole rats,
which may be indicative of the long period of the soil
development under herbaceous (meadow-steppe)
vegetation. We suppose that the periods of steppe
pedogenesis on the slopes of the Orlik River valley
alternated with the periods of forest pedogenesis.
However, the integral effect of the chernozem-form-
ing process under meadow-steppe vegetation is stron-
ger that the effect of the forest pedogenesis.

This assumption is confirmed by the results of our
study the soils in the bottom of a buried hollow on the
valley slope not far from the earlier described pits 11
and 5. This paleohollow (one of several paleohollows
identified within the ancient settlement) has a width of
14—15 m and a depth of about 1 m in the central part.
Small fragments of ancient Russian pottery are found
everywhere in the humified material filling the paleo-
hollow. Thus, it may be concluded that the natural
hollow was gradually filled with fine earth transported
along its slopes and bottom, which resulted in an arti-
ficial leveling of the surface during the settlement’s
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Podzolized
chernozem

Dark gray
forest soil

Leached
chernozem

P

Surface
of buried soil

Fig. 3. Soil pits studied in the paleohollow and morphology of the soils buried under fine earth material during the existence of

the ancient Russian settlement.

functioning. The morphology of the soils studied in
different parts of the hollow bottom is shown in Fig. 3.

The absolute height of the surface at the highest
point (pit 10) is 223.5 m. This is the upper part of the
slope towards the Orlik River, not far from pit 11, 35 m
upslope from the river floodplain and 40 m from the
river bank (the absolute height of the water level in the

river at the time of the research was 216.8 m). In the
area of pit 10, the slope steepness is 3°. The description
of the soil developed from the material filling the
paleohollow is given below.

Al', 0—12 cm. Gray to dark gray, slightly dry,
crumb—granular silt loam; compacted; with many
roots and earthworm paths; slightly wavy boundary.
EURASIAN SOIL SCIENCE  Vol. 52
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Table 3. Some physical, physicochemical, and chemical properties of studied soils

pi Deptn,em | M3Eroscopicl 71 Do | Ton | T
» 70 H,0 KCl %

Background soil, pit 3 0-20 2.60 6.31 5.33 0 1.87 3.22

20-35 2.90 6.05 4.47 0 0.87 1.50

35-50 3.37 6.17 4.20 0 0.46 0.79

50—74 3.33 6.16 4.04 0 0.16 0.28

74—114 3.59 5.78 4.23 0 0.10 0.18

114—144 3.24 6.75 6.42 3.36 0.18 0.31

144—180 3.06 8.34 7.34 8.25 0.15 0.25

Modern arable analogue 0-29 3.27 6.33 5.26 0 2.69 4.64

of background soil, pit 5 29—43 3.35 6.35 5.05 0 2.20 3.79

43—64 3.10 6.13 4.85 0 2.11 3.63

64—96 2.23 5.96 5.54 0 0.77 1.32

96—118 3.10 5.90 4.03 0 0.32 0.56

118—146 3.20 5.90 4.05 0 0.24 0.41

146—166 3.17 6.09 4.10 0 0.16 0.28

Modern analogue of back- 0-22 4.78 6.53 5.71 0 3.02 5.21

ground soil under hayfield 2245 4.12 6.68 5.43 0 1.98 3.41

(at the Orlik valley/interfuve 4560 3.52 6.84 5.51 0 1.23 212
slope interface), pit 11

60—80 3.71 6.98 5.57 0 1.06 1.82

80—95 3.93 7.68 6.93 2.33 0.70 1.21

95—125 2.76 8.41 7.36 10.80 0.55 0.94

125—155 2.98 8.53 7.34 11.33 0.35 0.60

Soil develoepd in the material 0—12 4.06 6.31 5.44 0 3.42 5.89

filling the paleohollow, pit 10 12-23 4.46 6.42 5.32 0 3.42 5.89

23—52 421 6.08 4.74 0 3.19 5.50

5287 1.26 6.18 4.65 0 3.00 5.18

Buried soil at the bottom 0—-15 2.80 6.02 4.90 0 1.83 3.16

of the paleohollow, pit 10 15-24 2.16 6.03 4.67 0 1.10 1.89

24-40 1.93 6.14 4.59 0 1.04 1.79

40-70 2.00 6.13 4.42 0 0.60 1.03

70—85 2.22 6.26 4.42 0 0.28 0.49

85—100 2.30 6.33 4.41 0 0.20 0.34

100—123 2.69 7.18 4.33 0 0.14 0.24

123—148 3.06 6.36 4.31 0 0.10 0.18

Al", 12—23 cm. Gray, slightly dry, crumb—granu-
lar silt loam; compacted; with few bleached grains of
skeletans; abundant coprolites and earthworm paths;
many fine roots; in the lower part, fragments of pot-
tery of the ancient Russian period are present.

AlB, 23—52 cm. Dark gray with brownish tint;
moist; crumb—angular-blocky, with elements of gran-
ular structure; silt loam; compacted; with bleached
skeletans in some places; many coprolites and earth-

EURASIAN SOIL SCIENCE  Vol. 52
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worm paths; fine roots; few remains of the ancient
Russian pottery.

Al1C, 51-86 cm. Homogeneous brownish dark
brown; angular blocky—crumb structure with the
presence of very fine (powdery) and granular aggre-
gates; silt loam; compacted; with many coprolites and
earthworm paths; contains mole-rat tunnels filled
with lighter-colored material; moderate amount of
roots; few remains of the ancient Russian pottery.
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The soil developed in the material filling the paleo-
hollow does not contain carbonates. It is weakly dif-
ferentiated into genetic horizons and contains clear
features of the soil transformation by mesofauna.

The contact with the buried soil is at the depth of 86
to 90 cm. It is marked by a darker color and higher
density of the buried soil. The buried soil profile con-
sists of the following genetic horizons: [A1] (0—15 cm)—
[A1A2] (15—24 cm)— [A1A2B] (24—40 cm)—[A2Bt]
(40—70 cm)—[Bt] (70—85 cm)—[BtCg] (85—123 cm)—
[Cg] (123—178 cm). Whitish skeletans appear in the
[A1A2] horizon in some loci; in the underlying
[A1A2B] and [A2Bt] horizon, they are clearly seen on
the walls of fissures. In the [Bt] and [BtCg] horizons,
brown and light brown organomineral coatings cover
angular blocky and prismatic aggregates. Gley features
in the [ BtCg] and [Cg] horizons are manifested by the
bluish ting in some loci and by numerous iron—man-
ganic concentrations. A characteristic feature of the
buried soil is the presence of light gray, gray-brown,
and yellowish-brown filled tunnels left by mole rats in
its profile beginning from the [A2Bt] horizon. These
features of the faunal activity are old, as their bound-
aries are not very distinct. The buried soil does not
contain carbonates in the entire profile.

It can be classified as a silt loamy dark gray forest
soil with gleyic features in the lower horizons.

The second pit studied in the bottom of the paleo-
hollow (pit 6) was excavated 20 m to the east of pit 10
(closer to the river) at the absolute height of 221.5 m.
The slope steepness is 4°—5°. In this soil pit, the upper
humified layer filling the paleohollow contains frag-
ments of the ancient Russian pottery. At the depth of
65 cm, the upper boundary of the buried soil (cherno-
zem) is found. This soil has the following horizona-
tion: [Al] (0—25 cm)—[AIB] (25—40 cm)—[BAIl]
(40—57 cm)—[B] (57—82 cm)—[BC] (82—112 cm and
deeper). It does not contain carbonates. On the dried
wall of pit, whitish bleached skeletans appear in the
soil from the depth of 40 cm. In the [B] and [ BC] hori-
zons, the skeletans are seen along the vertical fissures
attesting to the development of lessivage in the buried
soil under the forest vegetation.

According to its morphological features, the buried
paleosol can be classified as a thin slightly eroded
podzolized chernozem. This soil is considerably trans-
formed by the burrowing activity of animals. The tun-
nels left by more rats cross the zones enriched in skel-
etans; evidently, they were formed after the formation
of the skeletans, under conditions of meadow-steppe
pedogenesis that replaced the earlier stage of forest
pedogenesis.

Pit 7 was examined closer to the floodplain, in the
lower part of the paleohollow bottom, 10 m downslope
from pit 6, on the slope of 6°—7°. In this pit, the humi-
fied fine earth material with pottery fragments was
well structured by earthworms and also had a thickness
of 65 cm. The paleosol buried under it had the follow-
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ing horizonation: [A1] (0—30 cm)—[A1B] (30—40 cm)—
[B] (40—58 cm)—[BCg] (58—100 cm and deeper). The
effervescence was absent; whitish skeletans were also
absent in this paleosol. Filled tunnels left by mole rats
were numerous. This soil was identified as a moderately
eroded thin leached chernozem developing from the
carbonate-free heavy covering loam. The meadow-
steppe genesis of the paleosol studied in pit 7 is beyond
doubt. This soil profile confirms our assumption about
the steppe character of the slope of the Orlik River val-
ley in its lower part in the first half of the 13th century
(when the ancient settlement appeared in this area).

The analysis of three soil profiles in different parts
of the bottom of the paleohollow allows us to suppose
that, before the appearance of the ancient settlement,
the boundary between the forest and meadow-steppe
vegetation communities was found somewhere
between pits 7 and 10, i.e., 30 m upslope from the
floodplain and 35 m from the river channel. The west-
ern and eastern slopes of the Orlik River valley are
close in their morphology. Thus, we can estimate the
width of the steppe corridor between the forest-cov-
ered slopes of the valley and adjacent interfluves in the
period of foundation of the ancient Russian settle-
ment. According to our estimates, it was about 70 m,
including the floodplain.

In our opinion, the climate-driven steppization of
the river valleys in the forest zone of the East European
Plain during the little climatic optimum of the Holo-
cene opened possibility for the development of new
territories previously completely occupied by forests.
Thus, new settlements appeared in the forest-steppe
zone near the rivers.

The results of the morphological analysis of the soil
profiles can be complemented by data on the phyto-
lithic complex of the paleosol described in pit 10.

[A1l], 0—5 cm. The sample contains many phyto-
liths. Meadow forms prevail, but there are particles
characteristic of conifers and forest and steppe herbs
(Fig. 4). In general, the vegetation was close to that
described for pit 3. However, this sample does not
contain phytoliths of weeds; at the same time, it con-
tains phytoliths of reed. A combination of a large num-
ber of phytoliths with the presence of phytoliths char-
acteristic of tall herbs possible in two cases: (a) a sub-
ordinate position in the relief, when fine earth
(together with phytoliths) is transported from the
higher positions, and the shallow groundwater table
provides for the development of hydrophilic flora and
(b) the artificial introduction of plant material by
humans, which may be indicative of the cultural layer
of the ancient settlement.

[A1A2], 15—24 cm. The number of phytoliths is
significantly smaller, though it remains typical of the
upper soil horizons. There is no reed in the composi-
tion of the phytolith complex. It is probable that this
phytolith complex reflects one of the natural stages of
the development of the landscape under the canopy of
EURASIAN SOIL SCIENCE  Vol. 52
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[A1A2], 15-24 cm

Mole rat tunnel,
80-90 cm

(2)

Fig. 4. Photos of phytoliths studied in the buried soil at the bottom of the paleohollow in the northeastern periphery of the ancient
Russian settlement Sorokino 1. Phytoliths of (a) conifers, (b) mixture and forest (corroded grains) and meadow plants, (¢) meadow
and steppe grasses, (d) forest herbs, (¢) meadow herbs, (f) cultivated cereals, (g) forest herbs, (h) dicots, and (i) meadow herbs.

sparse mixed forest with a well-developed grassy
cover, or about the presence of large glides with
meadow and steppe vegetation within the forest. At
the same time, phytoliths of weeds and cultivated cere-
als are present, albeit in small numbers, which testifies
to the artificial input of the remains of crops into the
soil, i.e., to the development of agriculture in this area.

Thus, the results of the phytolith analysis confirm
the boundary position of this site (pit 10) between the
forest that occupied upward positions on the slope and
the meadow-steppe vegetation down the slope.

In the buried soil of pit 10, radiocarbon dating of
humus was performed for the samples taken from dif-
ferent depths and for the samples of the material filling
the tunnels of more rats. These samples were also sub-
jected to the phytolith analysis. The tunnels of mole
rats had diffuse boundaries attesting to their old age.
Many of them were filled with gray-colored humified
material. The photos of these tunnels are shown in
Fig. 5. Overall, four tunnels were studied; three of
them (nos. 2, 3, 4, Fig. 5) were in approximately the
same place; the fourth tunnel was found 1.5 m away
(no. 1, Fig. 5). These tunnels were confined to the
illuvial [B1t] and [B2t] horizons at the depths of 80—
110 cm. Data on the radiocarbon age of humus in the
filling of the tunnels are presented in Table 1. The
darkest material (no. 3, Fig. 5) was the only kind of the
No. 6
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filling, in which phytoliths were present. Their com-
position attests to the soil development under the
broadleaved forest with a well-developed herbaceous
cover. The presence of sponge spicules indicates the
proximity of the river. The composition of the phyto-
lith complex from this tunnel differs from the compo-
sition of phytolith complexes in the other studied sam-
ples. In particular, the number of phytoliths of forest
grasses in it is greater than the number of phytoliths of
meadow grasses (pit 3). Thus, we can supposed that
this soil developed under the broadleaved forest with-
out conifers and with a relatively low portion of steppe
plants.

In the material filling other tunnels (/, 2, and 4),
the contents of all microbiomorphs components
turned were insignificant. Obviously, in this case, as
in the case of the study of the material of filling of the
mole rat tunnel in the background forest soil, this
humified material was from the lower part of the
humus horizon, in which the content of phytoliths is
very low.

Data on the radiocarbon ages of humus in the
background forest soil and in the buried dark gray for-
est soils (Fig. 6) (including the humified material of
mole rat tunnels) (pit 10) together with data on the
phytolith complexes of these soils have been used to
reconstruct the environmental history of this area.
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Fig. 5. Paleotunnels of mole rats left in the buried soil at the bottom of the paleohollow; their depths correspond to those pre-
sented in Table 1: (1) 85-98, (2) 95—105, (3) 80—90, and (4) 100—110 cm.

Figure 7 shows changes in the amount of phytoliths
down the soil profiles examined in pits 3 and 10. The
number of phytoliths rapidly decreases with depth and
is close to zero at the depth of about 40 cm. The iden-
tified distribution pattern is close to that established
earlier on a large number of other objects, including
gray forest soils [7].

The absolute age of humus in the mole rat tunnel of
pit 10 (in the sample that contained phytoliths, 80—
90 cm from the surface of the buried soil) is 6680 =
120 BP (Ki-19383). The number of phytoliths found in
the visual field of the microscope in this sample is 21.
Judging distribution curves of the number of phyto-
liths at different depths, this may correspond to the

Age, ka (BP)
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Fig. 6. Changes in the radiocarbon age of soil humus in the
area of Sorokino 1 archeological site (the dates were
obtained for 2-cm-thick soil layers at different depths):
(1) background dark gray forest soil, pit 3; (2) buried dark
gray forest soil, pit 10. Noncalibrated dates are presented.

depth of 35 cm from the soil surface. The materials
filling this tunnel could be derived from the soil hori-
zon at the depth of 30—40 cm.

According to plots of the distribution of radiocar-
bon ages of soil organic matter in the soil profiles, the
layer of 30—40 cm of the modern soil has the age of
1500 £+ 200 BP. Taking into account the radiocarbon
age of humus in the filling of the studied paleotunnel,
the reconstructed time of its formation and filling with
the humified material is 6680 — 1500 = 5380 BP. As
the material of the filling initially was at some depth
(30—40 cm) from the surface, its real age may be sev-
eral centuries older.

The most likely range of variation in the thickness
of the humus part of the soil profiles, from which the
material penetrated the tunnels of mole rats, was about
40—60 cm. This assumption is based on the morpho-
metric parameters of the studied soils: the humified
part of the profiles of the background and buried dark
gray forest soils extends to the depth of 40—50 cm; in
the chernozems on the valley slopes, it could be about
50—60 cm.

As the filling of other paleotunnels did not contain
phytoliths, it is highly likely that they were filled with
material taken from the deep (>40 cm) soil horizons,
but no deeper than the lower boundary of the humus
layer (because this material is of gray color and con-
tains considerable amount of humus). Thus, the most
probable zone of formation of the paleotunnels by
mole rats in the ancient soils was about 40—60 cm. The
radiocarbon age of humus in this layer of the modern
soil corresponds to the interval of 1700—2600 BP.
Having information about the age of humus in the
paleotunnels and subtracting it from the extreme dates
of this interval, we can estimate the time of the bur-
rowing activity of mole rats.

Thus, the paleotunnel in the background soil (pit 3)
has the humus age of 10900 = 150 BP (Ki-19389); it
could be formed 8300—9200 BP. The paleotunnel with
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the humus age of 4220 + 160 BP (Ki-19388) could be
formed in the interval 1600—2500 BP. The first, more
ancient time interval fits the idea of the forest-steppe
nature of the vegetation and soils in the studied area in
the Early Holocene (taking into account the known
information [9, 12]). The second time interval could
be due to the appearance of steppe vegetation during
the first stage of the development of this territory in
the Early Iron Age. It is also possible that the develop-
ment of steppe vegetation in the form of “islands”
among broadleaved forests took place in the Scyth-
ian—Sarmatian period of climatic aridization noted by
several authors [1, 15].

In the buried soil (pit 10), the reconstructed periods
of the formation of paleotunnels are as follows: for the
filling with the humus age of 7700 = 180 BP (Ki-19382),
5100—6000 BP; for the filling with the humus age of
7460 + 180 BP (Ki-19381), 4900—5800 BP; and for the
filling with the humus age of 7260 + 150 BP (Ki-19384),
4700—5600 BP. All these ranges are within the inter-
vals of 4700—6000 BP (for humus) and 5100—5600 BP
(for paleotunnels), which corresponds to the end of
the Atlantic period of the Holocene. At about the
same time, other authors noted the development of
steppe vegetation in the northern half of the Central
Russian Upland [9], including the territory of the
Kulikovo Field [14].

Returning to the studied phytolith complex of the
mole rat tunnel in pit 3, its age is about 5400 BP. As the
material filling the tunnel was initially found at some
depth (30—40 cm) from the surface, we can suppose
that the composition of phytoliths in it characterized
vegetation of an earlier period, i.e., of the end of the
Holocene climatic optimum (>6000 BP), when
broadleaved forests were widely developed on the
watersheds under conditions of a warm and wet cli-
mate; in some places, they occupied interfluves of the
modern meadow-steppe landscapes of the forest-
steppe zone [18].

The study of the soil on the territory of the ancient
Russian settlement of Sorokino 1 will be incomplete
without considering another aspect, namely, data on
the bulk density of the soils buried in the bottom of the
paleohollow under new portions of sediments in the
13th century AD. These data are presented in Fig. 8.

In the central (bottom) part of the paleohollow, the
zone of increased soil compaction is revealed; we sup-
pose, it appeared in the place of regular passes of the
inhabitants of the ancient Russian settlement along
the trail. Given the closeness of the river, toward which
the lower end of the paleohollow opens, this assump-
tion seems quite plausible. The width of the path,
reconstructed in the compaction zone, was about 4 m,
with the central part (about 2 m) being the most dense.
The phytolithic complex of the upper layer of 0—5 cm
of the soil in the bottom of the paleohollow contains
allochthonous material (reed, cereal crops), which
could get there on the shoes of the residents. of the
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Fig. 7. Changes in the number of phytoliths (per visual
field of the microscope according to [7]) at different depths
in the (/) buried dark gray forest soil (pit 10) and (2) back-
ground dark gray forest soil (pit 3). m.
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Fig. 8. Distribution of bulk density values in the soils of the
paleohollow within the Sorokino 1 archeological site
(northeastern part of the excavation): (/) sampling loci,
(2) soil profiles examined in pits 10 and 11, and (3) bottom
and slgpes of the paleohollow; (4— /13) bulk density grades
(g/cm3): (4) <0.8, (5) 0.81-0.9, (6) 0.91-1.0, (7) 1.01—1.1,
(& 1.11-1.2, (9) 1.21-1.3, (10) 1.31-1.4, (11) 1.41-1.5,
(12) 1.51-1.6, (13) >1.6.

settlement). The soil overcompaction by humans
could result in the increase of the radiocarbon age of
humus, which in the upper horizon of this soil is
3500 years older than in the analogous soil beyond
the trail (Fig. 6), although the real difference (1950 —
1240) is about 700 years.

We suppose that the trampling of natural vegeta-
tion and soils in the bottom and on the slopes of the
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paleohollow was one of the main factors for the devel-
opment of erosional processes, which eventually led to
the burial of the paleohollow under a layer of humified
fine earth with pottery fragments dating back to 1200—
1240 AD. Otherwise (without disturbing the vegeta-
tion cover), erosion would not have developed, as was
found for slope surfaces even of significant steepness
under natural cover with forest or steppe vegetation [6].

During the period when the bottom of the hollow
was filled with eroded sediments, the trail continued to
function, which was reflected in the increased density
of soil layers in the material covering the buried soil,
directly above the areas of the earlier compaction.

CONCLUSIONS

The study of paleosol indicators of the state of the
environment in the old Russian settlement of
Sorokino 1 and in its vicinity attests to considerable
changes in vegetation and soils during the Holocene
under the impact of natural and anthropogenic factors.

The climate-driven alternation of the phases with
steppe and forest vegetation took place. In the Boreal
period, steppe vegetation predominated. During the
Holocene climatic optimum (the Middle Atlantic
period), steppes were replaced by broadleaved forests.
At the end of the Atlantic period, the next phase of
steppe propagation took place. It was marked by the
activation of the burrowing activity of steppe mole rats.
Steppes also expanded during the Little Climatic opti-
mum and were later replaced by forests during the Lit-
tle Ice Age. Judging the character of phytolith com-
plexes of different ages, forests in the Late Holocene
corresponded to colder conditions than forests in the
Middle Holocene and consisted of mixed coniferous
and broadleaved tree species.

During the period of the existence of the ancient
Russian settlement, the environment was subjected to
various anthropogenic influences. Findings of phyto-
liths of cultivated cereals indicate the existence of ara-
ble land near the settlement. According to the features
of compaction of the soil in the bottom of the hollow
crossing the ancient settlement and open to the river,
there was a trail to the river floodplain along the bot-
tom of the hollow. Constant trampling of vegetation
on the trail and adjacent slopes could lead to the ero-
sion of the slope and burying of the soil in the bottom
of the hollow under the layer of humified loam during
the period of functioning of the settlement.

In the modern period of the economic develop-
ment of this territory in the past three centuries, forests
were partially replaced by agricultural land (cropland,
hayfields, pastures). Deforestation and use of the soils
as croplands and hayfields for more than 230 years
have led to the appearance of chernozemic features in
the former gray forest soils. On the watershed slopes
under arable land, dark gray forest soils have been
transformed into podzolized chernozem; podzolized

CHENDEYV et al.

chernozems on the slope of the river valley have been
transformed into leached chernozem under the impact
of meadow-steppe vegetation of the regularly mown
hayfields.

These results prove the great informational value of
interdisciplinary soil-archeological investigations.
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