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Hydrological objects link the landscape into connected basins of the paragenetic
system through energy and matter migration. It determines the relevance of
geochemical monitoring of minor river basins as a condition for designing an
effective ecological framework for the territory. We tried to identify regularities of
the spatial distribution and migration of chemical elements in the basins of minor
rivers in the west of the Smolensk-Moscow Upland. The method of cross-spectrum
geochemical analysis helped us to study the river basins of the Vop-Dnieper
hydrological region. We compiled 47 complex landscape descriptions. Thus, the
maximum calcium and movable magnesium cations values are determined in the
super-aqual landscapes of the river basins under study. In the minor river valleys,
we find outwash of organic compounds from the outer layers of the geochemical
landscape. The research determines the maximum values of the studied elements in
the soils of super-aqual landscapes through migration with subsurface and surface
run-off. The minimum values are in the eluvial landscape, where there is a partial loss
of geochemically movable forms of metals, which increases due to acid and weak-
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acid reactions of the environment. Partial outwash of metals, in particular copper
and zinc, happens to organic compounds of soils. Trans-eluvial landscape loses
trace elements. However, some of them are retained due to falling out of solutions
and suspensions. Calculations have shown that copper (conjugation coefficient is
2-3) and zinc (conjugation coefficient is approximately 2) are most actively involved
in the migration. In contrast, manganese is less active. The research results present
an assessment of the features related to the landscape-geochemical differentiation
of the territory of the west of the Smolensk-Moscow Upland from the upper areas
of watersheds to the lower elements of landscape-geochemical catenae, including
simple drainage basins of minor rivers. The research shows that the active migration
of chemical elements characterizes the minor river basins. They are indicators of
the geochemical state of the landscape. One can use the research results to assess
a landscape-ecological condition, improve an environmental management system,
and optimize the natural environment.
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PACHPEJEJEHUE U MUTPALIUSL XUMHUYECKHX
3JIEMEHTOB B BACCEMHAX MAJIBIX PEK
HA 3ATIAJTE CMOJIEHCKO-MOCKOBCKOH

BO3BBIIIEHHOCTH KAK ITOKA3ATEJIb OIIEHKHA

YCTOMYUBOCTHU JAHAIIA®TA

O.A. Pesuna, I.®@. Epmowikuna

Tuoponoeuueckue 06vexmul c633616a10M IAHOWAPM 60 3AUMOCEA3AHNbLE DAC-
CeliHbl napazeHemuyeckoll CUCIeMbl NOCPEOCBOM MUSPAYUL IHEPSUU U BeleCEa.
DOmo onpedensiem aKmyaibHOCMb 2EOXUMULECKO20 MOHUMOPUH2A OACCEUHO8 MATbIX
PeK Kak ycnosuus 0t cO30aHUs PPHeKmusHolU IKON02UHECKOU CIPYKMYpbl Meppumo-
puu. Mol npeonpunan nonvimKy 6blasumb 3aKOHOMEPHOCI NPOCHPAHCINEEHHO20
pacnpeoenenus u Muspayuu Xumu4eckux 31emMeHmoes 6 6accelinax Manblx pex Ha 3ana-
0e Cmonencko-Mockosckou 8038biuternocmu. Memoo Kpocc-cnekmpanbHo2o 2eoxu-
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MUYECKO20 AHAU3A NOMO2 HAM U3yHums peunvle baccelinvl Bonvcko-/[nenposckoeo
audponoauieckoeo peeuona. Mol cocmasunu 47 KOMRIEKCHbIX ONUCAHUL TAHOWADMA.
Taxum 06pazom, MAKCUMAIbHbIE SHAYEHUS, KAMUOHOB KATbYUSL U HOOBUNCHO20 MASHUSL
onpeoeenvl 8 CYnepaKsaibHbIX TAHOWAPMAax uUcciedyemMvlx peunvlx bacceiinos. B
O00NUHAX MATBIX PEK Mbl OOHAPYIHCUTIU BLIMBIGANHUE OPSAHUYECKUX COCOUHEHUT] U3
BHEWHUX CTI0e8 2eoXuMUyecko2o ranouagma. B xooe ucciedosanusn onpedenenvl
MAKCUMATbHBIE 3HAYUEHUS U3VHACMbIX DNEeMEHNMO8 8 NOUEAX CYNEPAKBANbHBIX JIAHO-
waghmos 3a cuem muepayuu ¢ NOONOBEPXHOCHHBIM U NOBEPXHOCHIHBIM CHIOKOM.
Munumanviuie 3Ha4eHUs HAXOOSMC 6 N0BUATLHOM lanouagme, 20e Habodaemcs
uacmuuHas NOMepPs 2eOXUMUHECKU NOOBUIICHBIX YOPM MEMALo8, KOmopas yeenu-
YUBACMNCS U3-30 KUCTBIX U CIADOKUCTBIX Peakyull okpydicaroujell cpeobl. Yacmuunoe
BbLIMBIBAHIE MEMAILIO08 (8 YACTHHOCIU MEOU U YUHKA) NPOUCXOOUM C OP2AHUYECKUMU
coedunenuaMy nous. TpanconosuaibHblil 1aHOWADM mepsaenm MuKpod1emMeHmel.
O0naro nHexomopule U3 HuX COXPaHsIOMCs U3-3a 8bINAOCHUsL PACMEOPOS U CYCHEH3UIL.
Coenacno pacuemam, meob (koapghuyuenm conpsiscenus 2—3) u yunx (koapuyuernm
conpsicenus 0koo 2) Haubonee akmugHo y4acmeyionm 8 Muspayuu; a Mapeaney - Ha-
0bopom, menee akmugeH. Peynomanbl ucciedo8anius npeocmasiaion coool OYeHKy
0cobeHHOCmell, CEA3AHHBIX C AAHOWADMHO-eeoxuMu1eckol Oupghepenyuayueri mep-
pumopuu 3anada CmoneHcko-MocKo8CKOU 6036bIUUEHHOCHIU O 8EPXHUX YUACKO8
6000pA30€106 00 HUICHUX INEMEHNO8 IAHOULAPMHO-2COXUMUYECKUX YeNell, BKIIOUAs
npocmule OpeHaxcHvle baccelinbl Manvix pex. Mccnedosanue nokaszviéaem, 4mo ax-
TMUBHASL MUSPAYUS XUMUHECKUX DTIeMEHINO08 XapaKkmepHa 0l 6acceiino8 MAanbix pex.
Onu A6IAI0MCS UHOUKATNOPAMU 2eOXUMUYECKO20 COCMOAHUSA Tanowagma. Pe3ynb-
Mamul UCCA008AHUSL MOJICHO NPUMEHSIMNG OJist OYEHKU TAHOUWADNMHO-IKOTOSUHECKO2O
COCTOAHUSA, COBEPULEHCTNBOBAHUS CUCINEMbI NPUPOOONONL30BANUS U ONTNUMUIAYUU
NPUPOOHOTL Cpeobi.

Kntouesnle cnosa: manvle pexii; IK0102U4eCKas CMpYKmMypa, Muepayus dnemeH-
Moe; 2eoxuMuyeckoe conpslicenue; 2NeMeHmapublil 1aHouagm
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Introduction

In the strategy of achieving sustainable development and functioning of
the territory, a special role belongs to the formation of the ecological frame-
work. The essence of this concept lies in the formation of territorial entities
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with a special regime of environmental management focused on maintaining
an ecological potential in the region. Being a “zone of special environmental
responsibility” [4], the components of the ecological framework must ensure
the stable development of natural systems. They must stop developing chang-
es and sometimes eliminate deficiencies [1; 7]. Traditionally, the basis of the
ecological framework is considered as specially protected natural areas with
different environmental management regimes. They are focused primarily on
the preservation of the natural landscape. These territories are key areas for
monitoring the ecological state of the territory [16]. Experience shows that
the current network of special protected natural areas [SPNA] in the regions,
including the study area, is still far from optimal. According to geochemical
processes, the boundaries of the allocated territories are conditional since the
landscape parts form a unitary geochemical system. Hydrological objects
(including river basins connecting the landscape into integral paragenetic
systems through the migration of energy and matter) are transport corridors
of the ecological framework. It determines the relevance of geochemical stud-
ies devoted to river basins as an indicator of their transformation and devel-
opment of approaches for the timely maintenance of background levels. It
demonstrates the concentration of chemical elements, which is essential for
landscape geochemical stability.

A clear monitoring system to control the transit of chemicals in the elements
of the ecological framework does not exist yet.

A.V. Khoroshev’s works include geochemical aspects related to the design of
the ecological framework through establishing spatial distribution patterns and
migration of chemical elements in the agrarian landscape of the taiga zone. It has
been established that “at certain spatial ratios of the catena parts and a certain
critical width of the buffer strip, the polluting effect of lateral flows of substances
from arable land ceases to manifest itself in the accumulative catena parts” [17].

The researchers have been actively developing the issue regarding the geo-
chemical indication of the marsh landscape transformation. According to the
research, the content of elements in marsh ecosystems different in the genesis
of peat sediments and different regions allows one to predict the geochemical
situation in the territory under study [5].

A subject of interest is the influence of various natural and anthropogenic fac-
tors on the activity of elements, and the intensity of lateral and radial migration of
matter, the genesis and role of landscape-geochemical barriers in maintaining eco-
logical balance [9]. The content of mobile forms of microelements in alluvial soils
of floodplains is considered an indicator of chemical pollution in water protection
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zones of small rivers [2; 8; 9; 11; 13; 15; 19; 20; 21; 25]. Particular attention in re-
search is paid to the migration and accumulation of heavy metals [22-24].

Basin landscape geochemical analysis is one of the actively developing ar-
eas of landscape and geochemical research. At the regional level, the objects of
landscape and geochemical studies, as a rule, are different river basins. Basin,
soil, and biogeochemical paragenetic associations of landscapes are investi-
gated for accumulation or depletion of chemical elements, and the presence of
correlations [6; 14]. The studies give preference to analyzing the geochemical
characteristics of the waters and bottom sediments of minor rivers as indicators
of their ecological state and a source of mineral resources [12; 20].

We should identify the landscape features and geochemical differentiation
of minor river basins and the regularities of the spatial distribution and migra-
tion of chemical elements in the subordinate landscapes.

The study investigates a hypothesis that the minor river basins in the west
of the Smolensk-Moscow Upland are linear elements of the ecological frame-
work. The active migration of chemical elements characterizes them. They can
be indicators of the landscape’s geochemical state.

The paper deals with conjugated elementary landscape parts as cascade sys-
tems with unidirectional matter streams in the west of the Smolensk-Moscow
Upland characterized by a developed system of minor rivers. The basins of these
objects are the least explored in geochemical terms; they are very vulnerable to
external influences by water bodies.

The paper aims to identify patterns of spatial distribution and migration of
chemical elements in the subordinate landscape.

Materials and methods

The systematic approach is a methodological basis for solving the study
objectives. The study applies methods of complex physical-geographical re-
search, comparative-geographical, landscape-geochemical, and analytical meth-
ods. The cross-spectrum geochemical analysis is used as the leading method for
studying the complex of minor river valleys [3].

We obtained materials during complex field landscape research of the minor
river valleys of Dukhovshchinskaya Upland and the Smolensk-Krasninskaya
Upland. They belong to the western part of the Smolensk-Moscow Upland and
the Vop-Dnieper hydrological region. We have selected typical minor rivers
for our study: the Tsarevich, the Krupitsa, the Maly Vopets, and the Zalaznya
(within Dukhovshchinskaya Upland), the Ufinya and the Dobraya rivers drain-
ing the Smolensk-Krasninskaya Upland. The areas of the studied valleys be-



Siberian Journal of Life Sciences and Agriculture, Tom 14, Ne3, 2022 159

long to either natural or natural and anthropogenic landscapes. Near the river
basins of the Tsarevich, the Maly Vopets, the Zalaznya, and the Dobraya, an
autonomous landscape is formed on flat watersheds serving as sediment with
partial small-leaved forests. Natural landscapes formed under the typical conif-
erous-broad-leaved and small-leaved forests coincide with the studied areas of
the Ufinya and Krupitsa river basins. In the studied areas, the ravines, as a rule,
do not go far in the interfluves associated with dense moraine sediment restrain-
ing the linear surface erosion [18]. The watersheds are most often covered with
loessoid sediment. In general, the minor rivervalleys significantly enhance the
contrast of the relief; they form a geochemical landscape typical for the region.

The research studied the water bodies in the upper and middle streams.
Within the study area, we have presented 47 complex landscape descriptions
from 2003 to 2018.

Field catena in the minor river valleys covers conjugated elementary land-
scape making paragenetic systems with one-way vectors of matter motion. Soil
pits are laid in autonomous (eluvial), trans-eluvial, trans-accumulative, and su-
per-aqual landscapes. Thus, we conducted soil sampling.

The studies involved certified methods. The acidity of the water and salt
soil extracts is determined by the potentiometric method. The Kappen method
assists in identifying hydrolytic acidity. The bichromate method modified by I.
V. Tyurin is used to find soil organic matter. The number of absorbed layers is
determined by the accelerated Kappen-Golkovits method. The method of flame
atomic absorption spectrometry based on an atomic absorption spectrometer,
“Spectrum — 5 allows establishing the content of geochemically base forms
of metals (Mn, Zn, Cu, Pb).

The results are processed according to analytical and graphical methods. To
assess the intensity of migration of chemical elements in the catenae, we use
the coefficient of lateral differentiation K .

Results

The geochemical character of the matter and energy migration in the basins
of minor rivers is observed as a change in chemical properties from the upper
sections of the watersheds to the lower elements. Fig. 1 demonstrates changes
in the actual acidity in the elementary landscape of river valleys. Studies have
shown that for the humus horizons of the elementary landscape, pH changes
from acidic to neutral values (4.8-6.8).

The type of vegetation determines actual soil acidity in the eluvial landscape
in the river basins under study. Thus, an acidic environment is determined in the
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soils formed under coniferous and deciduous forests (basins of the Krupitsa and
Ufinya rivers) (4.8 and 5.1, respectively). The eluvial parts of the geochemical
landscape formed under the deposits in the river basins have a weakly acidic
and neutral reaction. It indicates a residual effect of human agro-economic ac-
tivity on their chemical properties.

Trans-eluvial landscapes are characterized by noticeable soil acidification
on the upper slopes of river valleys (pH is from 4.1 to 5.9), which is most like-
ly due to the active outwash of soluble forms of salts from the humus horizon
along with surface run-off.

eluvial (autonomous)

trans-eluvial

trans-accumulative

super-aqual
0 1 2 3 4 5 6 7 8
™ The Dobraya The Ufinya MW The Tsarevich
M The Krupitsa The Zalaznaya  ® The Maly Vopets

Fig. 1. Distribution of soil acidity of minor river basins in the west
of the Smolensk-Moscow Upland.

We observe partial accumulation of salts in the lower parts of the geo-
chemical landscape (trans-eluvial and super-aqual landscapes), where weak-
ly acidic and neutral reactions of the environment have already been starting
to prevail.

The migration processes and accumulation of elements in the parts of the
geochemical landscape are clearly visible due to the analysis related to the dis-
tribution indicating the sum of absorbed bases in the soils of minor river ba-
sins (Fig. 2). The studies showed that the maximum calcium and magnesium
movable cations values are determined in the super-aqual landscapes of all
river valleys (from 10 to 17.5 mg-eq / 100 g of soil). We can see an intensive
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outwash of elements from eluvial and trans-eluvial elementary landscapes. The
maximum values of outwash are indicated in the soils of the Maly Vopets and
Zalaznya river basins, within which trans-eluvial landscapes occupy the steep
upper slopes of the valleys.

The minimum values demonstrating the sum of absorbed bases are seen
for the Krupitsa valley, where the soil-forming material of the eluvial and
trans-eluvial parts of the geochemical landscape has a lighter granulometric
composition.

eluvial (autonomous)

trans-eluvial

trans-accumulative

super-aqual
0 5 10 15 20
The Dobraya The Ufinya W The Tsarevich
M The Krupitsa The Zalaznaya  H The Maly Vopets

Fig. 2. The distribution shows the sum of absorbed bases in the soils of minor river
basins west of the Smolensk-Moscow Upland (mg-eq/100 g of soil).

In the minor river valleys, we observe the outwash of organic compounds
from the outer layers of the geochemical landscape. Fig. 3 shows the results of
the analysis of the humus content in the soils under study.

The largest outwash of organic matter happens to river valleys with steep
slopes, where washed-off and highly eroded soils are formed in the trans-eluvial
landscapes. In some cases, the humus content can drop to 0.88%—1.3%. At the
same time, there is a noticeable accumulation of organic matter in super-aqua-
land trans-accumulative landscapes. The chemical properties of soils affect the
activity of elements, especially geochemically movable forms of metals. Table
1 presents the content of Cu, Zn, Pb, Mn in the basins of the Maly Vopets and
Krupitsa rivers.
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Fig. 3. Distribution of humus in the soils of minor river basins in the west
of theSmolensk-Moscow Upland (%)

Table 1.
Geochemically movable forms of disseminated metals in soils of elementary

landscapes of river valleys

Metals, mg/kg
Elementary landscape Mn Cu | 7n b
The MalyVopets river
Eluvial 71 291 13.66 6.34
Trans-eluvial 85.38 3.05 17.33 6.68
Super-aqual 86.1 8.96 29.09 7.5
The Krupitsa river
Eluvial 70.98 2.04 9.56 3.33
Trans-eluvial 77.21 4.5 15.01 5.1
Trans-accumulative 90.35 2.78 12.62 4.46
Super-aqual 80.6 4.09 19.51 5.89

Among the disseminated metals in the elementary landscapes under study,
the highest concentration is distinguished by manganese, which amounts from
71 to 90 mg/kg in the soils under study. Lead is the least of all elements in the
soils of the river valleys. Its concentration is from 3.3 to 6.7 mg/kg.
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The research determines the maximum values of all studied elements in the
soils of super-aqual landscapes due to migration with subsurface and surface
run-off. The minimum values are noted in the eluvial landscape, where there is
a partial loss of geochemically movable forms of metals, which increases due
to acid and weak-acid reactions of the environment. Partial outwash of metals
also happens to organic compounds of soils, particularly to copper and zinc.
Trans-eluvial landscapes mostly lose trace elements. However, some of them
retain, and they fall out of solutions and suspensions.

The metal mobility in the parts of the geochemical landscape makes it pos-
sible to estimate the coefficient of lateral differentiation (K ). The results of
calculating K, for all elements are presented in Fig. 4. Calculations showed that
copper is most actively involved in migration; its coefficient is 2-3. Zinc has
a rate of about 2. In contrast, manganese is less active. At the same time, man-
ganese, copper, and zinc more actively migrate and accumulate in the valley of
the MalyVopetsin, a stronger dissection of the relief.

3

2 1

1 ' '
Mn Cu Zn Pb

B The Maly Vopets The Krupitsa

Fig. 4. Cocfficients of lateral differentiation of metals in the valleys of the Maly
Vopets and Krupitsa rivers

Geochemical studies prove that there is an active transfer of matter and
energy in the minor river valleys. Any geochemical transformations, includ-
ing those associated with human activities, affect the chemical composition
of subordinate landscapes. One can use the results as reference sites for mon-
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itoring studies and control over the state of natural, natural, and anthropo-
genic landscapes.

Discussion

The previous studies related to this area included some geochemical as-
pects. In particular, the studies have found that iron is less involved in biogen-
ic migration than manganese, but rather intensively migrates with surface and
subsurface water flows. Iron with hydrogen is a typomorphic element for con-
jugated landscapes[3].

The chemical condition of the region’s flood plain soils has been studied
according to the assessment of their fertility and use [10]. The design of the
landscape-ecological framework of the region is based on a constructive land-
scape-geographical approach. The published works emphasize areal elements
of the ecological framework [18].

The research novelty is emphasized by its subject, including features of the
spatial distribution and migration of chemical elements in the basins of minor
rivers in the west of the Smolensk-Moscow Upland. The results complement
and expand the understanding of the dynamics, interrelationships, and direc-
tion of the development of landscapes in the minor river basins. They present
a complete picture of geochemical transformation.

Nevertheless, the results only underline the possibility of including minor
river basins in the ecological framework monitoring programs. The results re-
late to certain indicators of geochemical changes. Undoubtedly, the problem
concerning the observation of the geochemical stability of geosystems in the
minor river basins requires the expansion of the analyzed geochemical aspects
and determination of optimal indicators marking changes in the landscape.

Conclusion

We tried to assess the features of the landscape-geochemical differentiation
of the territory from the upper sections of watersheds to the lower elements
of landscape-geochemical catenae, including simple drainage basins of minor
rivers in the west of the Smolensk-Moscow Upland. Geochemical studies have
led to the following conclusions. The chemical properties of the accumulative
horizons of soils in autonomous and trans-eluvial landscapes are mainly charac-
terized by an acidic environment, which affects the increase in metal mobility.
The change in the accumulative parts in the acid landscape to neutral values
contributes to their accumulation. The studied catenae present an intensive out-
wash of calcium and movable magnesium cations from the upper parts of the
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geochemical landscape and subsequent accumulation in super-aqual landscapes
(from 10 to 17.5mg-eq/100 g of soil). The outwash of organic compounds is
also noticeable, where washed-off and highly eroded soils are formed under
the conditions of trans-eluvial landscapes. The study area shows an active out-
wash of zinc and copper in the upper elementary landscapes. These elements
intensively accumulate in the super-aqual elementary landscapes. At the same
time, manganese, copper, and zinc migrate more actively and accumulate un-
der a stronger dissection of the relief. Transformation, including anthropogen-
ic, eluvial, and trans-eluvial landscapes of minor river basins, on the one hand,
contributes to a change in the pH value towards a neutral reaction, reducing
the metal mobility. On the other hand, it stimulates the planar washout of soil
organic matter on non-sodded slopes.

The revealed patterns confirm the assumption that the active migration of
chemical elements characterizes the minor river basins in the west of the Smo-
lensk-Moscow Upland. Therefore, the dynamics of geochemical processes are an
indicator of the landscape condition. It can be considered a component included
in the system of indicators for assessing the overall stability of landscapes.

We believe that geochemical monitoring of the accumulating part of the
geochemical landscape without additional complex studies of the entire basin
makes it possible to obtain the necessary geochemical information on the ter-
ritory’s stability within the entire paragenetic system.

In the future, the study results will be in demand for the design of the eco-
logical framework of the territory under study. They may form the basis for the
development of a program aimed at monitoring its condition.
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