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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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Abstract. Relevance. The intensification of mining and industrial activities
leads to the formation of technogenically disturbed territories characterized by
structural transformation of the geological environment, altered hydrogeological
conditions, and increased environmental risks. Conventional engineering-
geological and geochemical methods are often time-consuming and costly,
limiting their applicability for rapid environmental assessment. In this context,
geophysical approaches offer an efficient alternative for obtaining subsurface
information without invasive operations. Objective. To evaluate the effectiveness
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of geophysical methods, particularly electrical resistivity tomography, for
identifying structural heterogeneities and assessing the ecological condition of
technogenically disturbed territories. Methods. Field investigations were conducted
using multichannel electrical resistivity equipment with Wenner—Schlumberger
electrode configuration. Measurements were performed along several profiles,
followed by data processing, inversion modeling, and interpretation of geoelectrical
sections. The analysis focused on identifying resistivity anomalies associated
with variations in lithology, moisture content, and technogenic impact. Results
and conclusions. The study revealed a multilayered structure of the subsurface,
with a near-surface technogenic soil layer characterized by low resistivity values
(35-70 Q-m) due to increased moisture and fine-grained composition. Beneath
this layer, heterogeneous technogenic deposits mixed with natural sediments
were identified, while deeper horizons correspond to relatively stable natural
formations. Several local anomalies with very low resistivity (18-25 Q-m) were
detected, indicating water-saturated zones and potential pathways for contaminant
migration. High-resistivity anomalies (up to 310 Q-m) were associated with
coarse technogenic materials and construction debris. The results confirm that
electrical resistivity tomography is an effective, non-destructive tool for rapid
environmental assessment. Its application enables reliable identification of
subsurface heterogeneities, supports environmental monitoring, and contributes
to sustainable management and risk mitigation in industrially impacted areas.

Keywords: technogenic territories, geophysical survey, electrical resistivity
tomography, environmental monitoring, geological environment, anthropogenic
impact
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AHHOTaNUs1. O3exkminici. Tay-KeH KOHE OHEPKICINTIK KBI3METTIH KapKbIH/IbI
JAaMybl TEOJOTHSUIBIK OPTAHBIH KYPBUIBIMIBIK ©3TepyiMeH, T'HIPOTeOJIOTHSIIBIK
XKargaunapablH Oy3bUIYBIMEH JKOHE OKOJOTHSUIBIK —KayinTepHiH apTybIMEH
CUMATTaJNaTbIH TEXHOTEH/IK Oy3bUIFaH ayMaKTap/blH KaJbINTAaCyblHA OKEIe[i.
JocTypili MHKEHEPIIK-TEOJIOTUSIIBIK KOHE TEOXUMUSUIBIK 9JIICTEP KOI YaKbIT
MeH Kap KbUIBIK IIBIFBIHAAP/BI TaJIall eTei, OyJI oJapiabl xenen Oaranay YIIiH
mektermi. Ochl JKarmaimga TeoPU3MKAIBIK OicTep JKEep acThl KYPBUIBIMBI
Typajbl aKMaparThl WHBA3HUBTI )KYMBICTAPCHI3 allyFa MYMKIHIIK OepeTiH THiMi
Oanmama Oonbin TaObianbl. Maxcamel. TexHOTeHIIK OyY3bUIFaH ayMaKTapIblH
KYPBUIBIMIBIK ~ €PEKIICNIKTEPIH aHBIKTay JKOHE OJNapIblH  DKOJIOTHUSUIIBIK
KaraalblH Oarayay YIIH reo(QU3UKaIbIK dICTEp/IiH, dcipece MEKTPIiK Keaepri
TOMOTpadUACHIHEIH THIMIUITIH 3epTTey. Odicmepi. Jlamaiblk 3epTTeyiep
Bennep-1lImtoMOeprke KOHPUTYPAHUACH! KOJTAaHBUIFaH KOITapHAIIBI TE€0AIEKTPITIK
kaOIBIK apKpUIBl KYpri3iimi. bipHeme mnpoduns OOWBIHIIA — eJIIeyiep
OpBIHJANBIIN, aJbIHFAH JEPEKTep OHJCNIN, HWHBEPCHUSIIAHBIN, T'eOIEKTPIIK
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KHMallap WHTepIpeTanusuianapl. Heri3ri Hazap JUTOJOTHS, BUIFAIJIBUIBIK JKOHE
TEXHOTCH/IIK ocepre 0alIaHBICTBI JEKTPIIIK KSIEePTi aHOMAIASIIAPBIH aHBIKTAyFa
OarbitTangbl. Hamuoicenepi scane KopoimuiHObLIap. 3€pTTEy HOTHKECIHIE
TCOJIOTHSITBIK KMMAHBIH KOFapFel Oemiriaae 35—-70 OM M apaiabIFbIHIAFEl TOMCH
KeJIepri MoHIepIMEH CUIATTaIaThlH TEXHOTCH IIK Ka0aT aHBIKTAJIJIbI, OYJI )KOFaphI
BUIFIIBUIBIK TIEH YCaK JAWCIEpPCTi KypamMMmeH OaimaHbicThl. OHBIH acThIHIA
TaOWFU KBIHBICTAPMEH apajlaCKaH OPTEKT1 TEXHOTCH/IIK MOTIHAIEp OpHAlacKaH,
as TepeH KadarTap CalbICThIpMAalIbl TYPAKThl TAOMFHU TY31TiMIIepre Colikec Kelei.
18-25 OM M ToMeH Keaepri MOHIEPIMEH CUMATTAIATHIH JIOKAJIIBIK aHOMATHsIIap
AHBIKTAJBIN, OJap CyFa KaHBIKKAH alMaKTapjAbl XOHE JIacTayllbl 3aTTapiblH
MUTpaIs KoImapelH kKepceTyi MymKiH. 310 Om'M neiiHTi KOFaphl Keaepri
MOHJIEpl ipi TYHipyi TEXHOTEHJIK MaTepuayap MeH KYPBUIBIC KaJJbIKTapblHA
TOH. AJIBIHFaH HOTHIKEJIEp DIIEKTPIIIK KeIepri TOMOTPaUsSCHIHBIH JKEAeN KOHE
0y30ail 3eprTTey omici peTiHIE J>KOFAphl THIMIUIITIH IONEIACHIlI >KOHE OHBI
AKOJIOTHUSUTBIK MOHUTOPHHT IIEH OHEPKACINTIK ayMaKTap bl 0acKapy/a KOJITaHyIbIH
MaHBI3/IBUTBIFBIH KOPCETEI].

Tyiiin ce3mep: TexHOTEHIIK OY3bUIFaH ayMaKkTap, reoQpH3HKaIbIK 3epTTeyIep,
ANEKTPIIK KeAEepri TOMOTpadusIChl, IKOJOTHSIIBIK MOHHTOPUHT, T€OJIOTHSIIBIK
opTa, aHTPOTIOTEHJIIK dcep
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An"oraumsi. Axmyarvbnocmy. VHTeHcudUKanuss TOpPHOAOOBIBAIOLICH H
MPOMBIIIJICHHOW JIESITEIbHOCTH TMPUBOAUT K (POPMHUPOBAHHIO TEXHOTCHHO
HapyIIEHHBIX TEPPUTOPHIA, XapaKTEPU3YIOIIUXCS TPAaHCPOPMAITUEH Te0OT Y e CKON
Cpenbl, U3MEHEHUEM THIPOTEOJOTHUECKUX YCIOBHM M POCTOM 3KOJIOTHUYECKHUX
puckoB. TpaauLIMOHHBIE MHKEHEPHO-T€OJIOTMYECKUE U T€OXUMUUYECKUE METOJIbI
TpeOyIOT 3HaUNTEbHBIX BPEMEHHBIX M (PMHAHCOBBIX 3aTPart, YTO OTPAaHUYMBACT UX
IIPUMEHEHHUE JJIs1 OIIEPAaTUBHOM OLIEHKHU COCTOSIHUS TEPPUTOpUI. B 3TUX yCIIOBHIX
reopu3nUecKue METONbI IMPEACTABISIOT c000i 3(h(EeKTUBHYIO albTePHATHUBY,
MO3BOJISIT  TOJTydaTh WHQPOPMAIIMI0O O TIOANOBEPXHOCTHOH CTPYKType 0e3
MIPOBEICHUS HHBa3UBHBIX Pa0boT. I]ens. OnieHUTS 3P PEKTUBHOCTH Te€O(DH3NIECKIX
METOJIOB, B YAaCTHOCTH OJIIEKTPOTOMOTpaduu, ISl BBISBICHHS CTPYKTYpPHBIX
HEOJHOPOJHOCTEH M  OLEHKH OKOJOTHYECKOTO COCTOSHHUSA  TEXHOI'€HHO
HapylLIeHHbIX Tepputopuil. Memoowi. 1loneBble HMcCleAOBaHUS BBIIOIHEHBI C
WCIOJIb30BAaHUEM MHOTOKaHAJHHOW ammapaTypsl JEKTPHYECKOTO 30HIUPOBAHUS
¢ TIpUMEHEeHHeM ycTaHOBKH Bennepa - IllmromOepske. IIpoBeneHsr maMepeHus
IO HECKOJIbKUM TIPOQUIIIM € TIOCIEeAYIoNel 00paboTKOW JaHHBIX, HHBEPCHEH U
HMHTEPIPETAMEN TeONMEKTPUUECKUX pa3pe3oB. OCHOBHOE BHUMAaHHUE YJIEIEHO
BBISIBJIEHUIO aHOMAJIMH Y/IEIbHOTO 3JIEKTPUYECKOTO CONMPOTHUBIIEHUS, CBSI3aHHBIX
C HW3MEHEHHSMH JIUTOJIOTHUH, BIAKHOCTH M TEXHOTEHHOIO BO3JEHCTBUS.
Pesynomamut u 661600b1. YCTAaHOBIICHO, YTO BEPXHSISI HaCTh pa3pes3a MpecTaBiIeHa
TEXHOTCHHBIM CJIOEM C NMOHW)XCHHBIMHU 3HAUECHHSIMU YACJIBHOIO 3JEKTPUUECKOTO
conporunerus (35—70 Om M), 00yCIOBIEHHBIMU MOBBIIICHHON BIXKHOCTBHIO U
MEJIKOAUCIIEPCHBIM cOCcTaBOM. Hibke BbIENEHBI HEOAHOPOAHBIE TEXHOTECHHBIE
OTJIOKCHHUS, IEpPEeMEelIaHHble C TNPHUPOJHBIMH TPYHTaMH, TOrna Kak Ooinee
r1yOOKHE TOPU30HTHI COOTBETCTBYIOT OTHOCUTEIBHO YCTOHYMBBIM €CTECTBEHHBIM
o0Opa3oBaHMsSIM. BBIABIEHBI JOKaNbHBIE AHOMAJIMH C HHU3KUMH 3HAYCHUSMHU
conporuieHus (18-25 OM M), CBUIAETENBCTBYOIINE O 30HAX BOJAOHACKHIIIEHUS U
MOTEHUUATIbHBIX MyTSIX MHUIPALMU 3arpsi3HSIOLIMX BEIIECTB. Boicokue 3HaueHus
conporuBneHus, pocrturaromme 310 Om'M, cBsi3aHbl C TpyOOOOIOMOYHBIMU
TEXHOTCHHBIMH MaTepuajlaMM M CTPOUTENbHbIM MycopoM. [lomyueHHble
PE3yNbTaThl MOJATBEPIKIAIOT BBEICOKYIO () (HEKTUBHOCTh dIEKTpoToMOrpadun Kak
HEpa3pylIAOIMero METOAa OSKCIPECC-OIEeHKH, O00eCIeUnBarOIIero BhISBICHUE
MTOJIMOBEPXHOCTHBIX HEOMHOPOIHOCTEH W CIMOCOOCTBYIONIETO HKOIOTHIECCKOMY
MOHUTOPUHIY U YIIPABJICHUIO PUCKAMH Ha NPOMBIIIJIEHHBIX TEPPUTOPHUSIX.
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KuroueBnble c10Ba: TEXHOT'CHHBIC TEPPUTOPUH, TEOPUINIECCKUES UCCIICIOBAHUS,
EeKTpoTOMOrpadusi, SKOJOTMYECKUN MOHUTOPHUHI, TEOJIOTMYECKas cpeja,
AHTPOIIOIE€HHOE BO3/1€IICTBUE

Introduction. In the last 20-30 years, or more precisely, approximately from
1995 to 2025, when industrial growth rates in a number of regions reached 3.5—
7.2% annually, the problem of man-made impact on the natural environment has
finally gone beyond the scope of local studies and acquired a truly global scale,
covering territories of tens and even hundreds of thousands of square kilometers
(in certain industrial zones, up to 120,000-250,000 km?), since the accelerated
development of industry, the mining sector, energy, and infrastructure projects,
accompanied by an increase in the volume of mineral extraction to 10°-10® tons
per year and an increase in the man-made load on the geological environment by
1.8-2.6 times, inevitably leads to profound and often irreversible transformations
of natural landscapes, including the formation of vast territories with disturbed
geological and geoecological conditions, where the thickness of man-made layers
can reach 1.2-2.0 m, and locally - up to 3.5 m, while such man-made transformed
areas arise as a result of the extraction of raw materials, the construction of
industrial facilities (sometimes with a building density of up to 60-75%), the
storage of waste in volumes of up to 10°-10” m* and other economic operations,
which, in turn, causes changes in the structure of the geological environment, the
redistribution of soil masses (in some cases up to 40-60% of the original volume),
the violation of hydrogeological conditions, including an increase in rock moisture
and the formation of zones with a specific electrical resistance of only 35-70
Ohm m, and locally even 18-25 Ohm m, which indicates water saturation and
potential migration of pollutants, and the formation of potential pollution zones,
where concentrations of harmful components can exceed background values by
2-15 times, as a result of which serious environmental risks are formed at the
global level associated with land degradation (up to 25-40% in industrial regions),
pollution of soils and underground waters, as well as a decrease in the stability
of natural ecosystems by 30-50% (Wibowo et al., 2025; Zaalishvili et al., 2024;
Myrzakulov et al., 2024).

This problem is especially acute in regions with intensive development of the
extractive and processing industries, where the scale of technogenic impact on
the geological environment reaches maximum values (for example, the density
of disturbed areas can be 0.6-0.8 of the total area of the industrial hub), while
such areas, as shown by geophysical studies with a probing depth of 10-15 m
and a resolution of about 0.5-1.0 m, are distinguished by an extremely complex
internal structure, including heterogeneous technogenic deposits with a resistance
of 70 to 160 Ohm m, zones of high humidity, local accumulations of pollutants
8-14 m wide, as well as areas of unstable soils, where the porosity coefficient can
increase to 0.45-0.60, and a significant part of such objects continues to affect the
environment even 5, 10, and sometimes 25 years after the cessation of economic
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activity, which is confirmed by the presence of persistent anomalies (for example,
up to 310 Ohm m in construction waste zones or 18—25 Ohm m in water-saturated
areas), and therefore the need to develop and implement effective methods for
assessing the ecological state of such territories becomes obvious, including
the identification of hidden processes occurring in the geological environment
at depths of 2-5 m and more, where pollutant migration paths and secondary
rock transformation zones are formed, which is of fundamental importance for
environmental monitoring and risk management (Goltsev et al., 2020; Kulikova et
al., 2023; Hasan et al., 2025).

Various approaches are used to address this issue, including geological,
hydrogeological, geochemical, and remote sensing methods. Traditional geological
and engineering-geological methods based on drilling and sampling provide
reliable information on the composition and properties of rocks, but they are
labor-intensive and have limited spatial information. Geochemical studies make
it possible to identify contaminated zones and determine the concentrations of
hazardous elements, but also require a significant number of samples and laboratory
analysis (Podoprigora et.al., 2026; Fazylov et.al., 2026; Dzhemilev et.al., 2026;
Zaurbekov et.al., 2026). Remote sensing and space monitoring methods provide
information on the surface conditions of territories and landscape dynamics, but
they are not effective enough to study deep processes and the internal structure of
man-made structures (Filina et al., 2024; Malozyomov et al., 2024; Shabanov et
al., 2023).

In this regard, geophysical research methods are increasingly used to obtain
information on the structure of the geological environment without disturbing
it. Geophysical methods are characterized by high speed, the ability to survey
large areas, and the ability to identify heterogeneities in the structure of soils
and man-made deposits. They can detect changes in the physical properties of
rocks associated with waterlogging, the presence of voids, zones of softening,
or localized accumulations of pollutants. Furthermore, the use of geophysical
methods is particularly effective in man-made areas, where traditional research
methods can be hampered by the complexity of the geological structure and the
presence of artificial soils (Rachman et al., 2025; Sherov et al., 2024; Susanti et
al., 2025; Mashekov et al., 2018).

Despite the significant potential of geophysical methods, their use for
environmental assessment of man-made areas requires adapting research methods
to the specific conditions of the sites and the characteristics of the man-made
formations. Selecting the optimal set of geophysical methods is crucial, allowing
us to identify the key structural features of the studied environment and assess the
degree of its ecological transformation. In this context, conducting local studies
aimed at refining the capabilities of geophysical methods and their practical
application to address specific environmental issues is of significant scientific and
applied interest (Arafat et al., 2025).

Thus, studying man-made areas using geophysical methods is a relevant
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area of modern geoecological research, allowing us to improve the efficiency of
monitoring the state of the geological environment and ensure a more informed
assessment of environmental risks. The objective of this study is to conduct a
geophysical survey of a man-made area to identify the structural features of the
geological environment and assess its ecological status.

Methods and Materials. In order to achieve the stated objective, which in
the framework of this study was considered not in the abstract, but in a quite
practical way - taking into account the depths of 10-15 m, characteristic ranges
of specific electrical resistance from 18-25 to 260-310 Ohm m and areas of the
order of 0.8-1.0 hectares, a set of experimental works was implemented, including
not one or two stages, but a whole sequence of interconnected procedures (on
average 3-5 field measurement cycles, 2-3 processing iterations and at least 4-6
interpretation sessions) aimed at assessing the ecological state of the man-made
disturbed territory using geophysical methods, while the research program itself
covered field geophysical observations (with a step of 2-5 m and a profile length
of up to 80-120 m), primary processing of the obtained data with emission filtering
at the level of 5-12% of the massif, as well as their subsequent geological and
ecological interpretation, where both lithological differences were taken into
account and humidity indicators capable of reducing resistance to 28-32 Ohm
m, with the entire work focused on solving a fairly specific, but at the same time
extremely illustrative task - identifying subsurface heterogeneities (including
local anomalies 8—14 m wide) within the disturbed area and assessing the degree
of transformation of the geological environment, where the thickness of the
technogenic layer varies from 1.2 to 2.0 m, and in places reaches 3.0 m, and the
chosen approach, in essence, served as a demonstration of how practical and
effective it is to use geophysical methods for monitoring the environmental state
of industrially affected areas, which, speaking without unnecessary pathos, has
quite tangible significance for both industrial safety and rational land use, where
errors can cost tens of millions of conventional units. Field studies were carried
out within a locally disturbed area formed as a result of previous industrial activity
(approximately over 5-15 years of active operation), and such territories, as practice
shows, are typical for regions with developed mining and industrial infrastructure,
where the density of man-made load can reach 60-80%, and often require a prompt
assessment of the environmental condition - literally within a period of several
days to 2-3 weeks - to identify potential risks associated with soil degradation
(up to 30-45% deterioration of the structure), groundwater pollution at depths of
2-6 m and the formation of unstable soil zones, in which resistance can decrease
to critical values of 18-25 Ohm m, and it is in this context that the use of non-
destructive geophysical methods acquires particular value for industrial practice,
since it allows obtaining fairly reliable information about the subsurface structure
without drilling (to a depth of 10-20 m) and without large-scale excavation work
of hundreds of cubic meters, which saves both time (up to 40—60%) and resources
(up to 25-35% of the budget).
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The main method used in this study was electrical sounding, or more precisely,
the electrical resistivity tomography method, which is widely used to study near-
surface geological structures (usually in the range of 0-15 m) and identify zones
with contrasting physical properties, where resistance differences can reach 10-
15-fold values (for example, from 20 to 300 Ohm m), while the measurements
were carried out using a multichannel resistivity meter of the SKALA-48 type,
developed by SKB Geophysics, which allows for highly accurate measurements
of apparent specific electrical resistance with a resolution of up to 1-2 Ohm m
and ensures stable signal recording at currents from 50 to 200 mA, which is
especially important in conditions of heterogeneous soils, and during field work, a
standard Wenner-Schlumberger electrode installation scheme was used, providing
balanced sensitivity to both vertical and lateral changes in resistance, while the
distance between the electrodes varied within 2-5 m (depending on the profile
length of 80—-120 m and the site characteristics), which made it possible to study
the geological structure to a depth of about 10—15 m with a resolution of about
0.5-1.0 m, thereby providing a fairly detailed picture of the internal structure of
the disturbed area and recording even relatively small anomalies associated with
water saturation or man-made inclusions.

Measurements were carried out along several short geophysical profiles
crossing the most representative parts of the disturbed territory. The average length
of each profile ranged from 80 to 120 meters, which made it possible to cover
the main geomorphological features of the site while maintaining high spatial
resolution of the obtained data. Stainless steel electrodes were installed in the
ground with uniform spacing, and current injection and potential measurements
were performed automatically using the internal switching system of the resistivity
meter. The measurement current ranged from 50 to 200 mA depending on ground
resistivity conditions, while the acquisition time for each measurement cycle was
approximately 1-2 seconds (Figure 1). Such measurement parameters ensured
stable signal registration and reliable determination of apparent resistivity values.
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Fig. 1. Layout of geophysical profiles within the investigated technogenically disturbed area
showing the positions of profiles P1-P3 and the location of the main resistivity anomaly zones
identified during the survey.
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Primary data processing was performed using the Res2DInv software package,
which applies iterative inversion algorithms to convert apparent resistivity
measurements into two-dimensional geoelectrical models of the subsurface. The
inversion process included removal of outliers, smoothing of resistivity contrasts,
and calculation of the most probable distribution of true resistivity values within
the investigated section. The obtained resistivity models were then interpreted
in terms of lithological composition, moisture content, and possible zones of
technogenic disturbance.

Particular attention during interpretation was paid to identifying areas
characterized by anomalously low or high resistivity values, which may indicate
zones of increased moisture, accumulation of industrial waste materials, or areas
of disturbed soil structure. Such anomalies are of direct interest for environmental
monitoring and have important industrial implications, as they may indicate
potential pathways for contaminant migration or areas of reduced ground stability.

Thus, the applied methodological approach demonstrates the practical
efficiency of electrical geophysical investigations for assessing the ecological
condition of technogenically disturbed territories. The obtained results provide
valuable information for environmental control and industrial land management,
highlighting the significant industrial importance of geophysical monitoring in
regions affected by anthropogenic activity.

Results. The field geophysical survey carried out within the technogenically
disturbed territory made it possible to obtain a detailed representation of the near-
surface structure of the geological environment and to identify several zones
characterized by contrasting physical properties. Electrical resistivity tomography
profiles provided information about the distribution of electrical resistivity within
the upper 10-15 m of the geological section, which is the most important depth
interval for assessing environmental conditions and potential industrial risks
associated with disturbed soils. The processed and inverted geophysical data
demonstrated that the investigated area is characterized by significant spatial
heterogeneity of the subsurface environment, which reflects both natural geological
variability and the effects of anthropogenic transformation of the terrain.

The obtained resistivity models revealed that the uppermost layer of the
geological section is represented by a relatively thin horizon with electrical
resistivity values ranging from 35 to 70 Q-m and thickness varying between 0.8
and 1.6 m. This layer corresponds to a mixture of technogenic soils formed during
previous industrial activities and partially reclaimed surface sediments (Table 1).
The relatively low resistivity values indicate an increased moisture content and
the presence of fine-grained material such as silty and clayey particles. In several
segments of the geophysical profiles, the resistivity of this horizon decreased
to 28-32 Q-m, which may indicate zones of increased water accumulation or
localized infiltration of surface runoff. Such conditions are particularly important
for environmental monitoring because these zones can potentially act as pathways
for the migration of dissolved pollutants.
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Table 1. Electrical resistivity characteristics of the main geoelectrical layers identified within
the technogenically disturbed area.

Geoelectrical .Depth Resistivity A\ier.a g.e Esflmated Interpretation of material
laver interval range |resistivity | thickness composition
Y m | @m | @m | @ P
Surfage 100-08] 35-70 52 0.8 .Mlxed disturbed soil with
technogenic soil silty and clayey components
Moist technogenic Water-saturated fine
. & 0.8-1.6| 28-60 44 0.8 sediments with increased
sediments .
porosity
Compacted sandy 16-35| 90— 140 112 19 Sandy loam mixed with
loam technogenic fragments
Mixed Heterogeneous anthropogenic
technogenic | 3.5-5.0| 70— 160 118 1.5 geneou Pog
. sediments
deposits
Coarse aI:tlﬁClal 40-701200-310 245 20-3.0 Coarse sand and. construction
materials debris
Natural sandy 7.0 - Relatively undisturbed
deposits 10.0 150 =220 184 30 natural sediments
Sandy-gravel 10.0 — 180 — 260 215 <40 Den§e natural eros1ts
basement 15.0 forming geological base

Below the specified near-surface layer, the thickness of which averaged about
1.2-2.0 m (and locally reached 2.3—-2.6 m with a change in humidity to 25-35%),
the geoelectric sections demonstrated a much more complex and heterogeneous
picture, where in most profiles (at least in 3 out of 3, and in individual segments
—in 5-7 sections 10—20 m long each) a layer with a specific electrical resistance
in the range of approximately 90 to 160 Ohm m was recorded, lying at depths of
about 1.5-5.0 m, and the average values within this horizon were most often around
110-125 Ohm m, which is quite consistent with the characteristics of compacted
sandy loams and sandy deposits mixed with technogenic inclusions — debris of
building materials, fragments of artificial soils and disturbed natural rocks, where
the share :The content of technogenic components could reach 15-40%, and the
thickness of this layer varied from 2.5 to 4.0 m (with deviations of £0.3—0.7 m
depending on the position along a profile 80-120 m long). In the zones of the most
intense technogenic impact formed during industrial activity (approximately over
8—12 years of site operation), the resistance values within this horizon decreased
to 70-80 Ohm m, and sometimes even to 65 Ohm m, indicating an increase in the
content of finely dispersed fraction (up to 35-50%) and an increase in the degree of
water saturation (humidity could reach 30—45%). Such changes, if we look at them
not formally, but in essence, quite clearly reflect the influence of anthropogenic
processes on the physical parameters of the geological environment, changing it
not only vertically, but also laterally. In addition to the relatively regular layered
structure, along the studied profiles (P1-P3, with a total length of about 240-300
m), quite pronounced geophysical anomalies were also identified, and not just
single ones, but several (at least 5-7 local zones), among which one of the most
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noticeable was the anomaly recorded in the central part of the studied area along
profile P2, at a distance of approximately 42—-56 m from the starting point (with an
error of about +1.5-2.0 m), where within a depth interval of 2—4 m, the values of
specific electrical resistance sharply decreased to 18—25 Ohm m (which is almost
4-6 times lower than the background values of 90-140 Ohm m), while the length
of this anomalous zone was about 14 m, and its vertical thickness reached 1.5-2.0
m, which, taking into account increased humidity and the probable content of
finely dispersed man-made sediments may indicate the formation of a localized
water-saturated area, potentially acting as a channel for the migration of pollutants,
especially in conditions of a heterogeneous soil structure and the presence of man-
made inclusions of various fractions.
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Fig. 2. Example geoelectrical resistivity section of a technogenically disturbed area showing
the technogenic surface layer, a low-resistivity water-saturated zone, and a high-resistivity body
associated with coarse technogenic materials.

The lateral extent of this anomaly reached about 14 m. Such low resistivity
values significantly differ from the background resistivity of surrounding
sediments and most likely indicate the presence of a localized zone of strongly
water-saturated soils. Considering the industrial history of the site, this anomaly
may also be associated with the accumulation of technogenic materials or fine-
grained waste sediments that retain moisture (Table 2).

Table 2. Quantitative parameters of resistivity anomalies detected along geophysical profiles.

Distance | Depth . . .. | Width of Probable .
. Resistivity . Environmental
Profile along interval (Q'm) anomaly geological sionificance
profile (m) | (m) (m) interpretation g
Pl 18— 28 1.5- 40— 55 10 Moist dl_sturbed Potential infiltration
3.0 soils zone
20— Clay-rich Possible
P1 52 -60 4 5 6580 8 technogenic accumulation of
’ sediments contaminants

263



ISSN 2224-5278 3.2026

Distance | Depth . . .. | Width of Probable .
. Resistivity . Environmental
Profile along interval (Q'm) anomaly geological sionificance
profile (m) | (m) (m) interpretation g
2.0- Highly water- Potential pollutant
P2 42-36 4.0 18-25 14 saturated soils migration pathway
3.0- Mixed sandy loam | Technogenic ground
P2 6878 5.5 7595 10 with debris disturbance
Coarse o
P3| 20-34 | 07 ae0-310| 14 technogenic | 1ificial subsurface
7.0 . body
material
p3 | 48-60 | 207 | 210-270 12 Dry sandy Stable ground zone
8.0 deposits
P 7785 35— 95130 13 San‘dy se@lments Trans.monaI
6.0 with moisture geological zone

Another anomaly, quite contrasting in its physical parameters (and this was
visible literally immediately after the data inversion, where the spread of values
exceeded 200 Ohm m), was recorded along the P3 profile, where within the depths
of approximately 4 to 7 m, that is, in an interval of about 3 m vertically, the values of
specific electrical resistance sharply increased to 260-310 Ohm m (at some points
reaching 295-305 Ohm m, which is almost 10—12 times higher than the minimum
values of 18—-25 Ohm m noted earlier), while the width of this high-resistivity body
was about 18 m (with variations of +1-2 m along the edges), and such elevated
values, as a rule, are characteristic of coarse-grained sediments, dry sand masses
with low moisture content (less than 8-12%), or zones containing construction
waste and compacted man-made materials, where the proportion of large fractions
can exceed 50-65%, and the very presence of such an anomaly quite convincingly
indicates that during the period of industrial operation (possibly over 6-10 years of
active use of the site) there was local storage or redistribution of coarse materials,
resulting in the formation of an artificial subsurface body, noticeably different in its
properties from the surrounding rocks, and this difference is manifested not only
in resistance, but also in density, structure and water permeability. At the same
time, the geophysical data showed not only sharp anomalies, but also a number of
areas where the resistance changes occurred more smoothly, without jumps, but
rather gradually - for example, along the P1 profile, a consistent increase in values
was observed from approximately 60 Ohm m in the near-surface zone (depths up
to 1.0-1.5 m) to about 170-180 Ohm m at depths above 8 m, where the change step
could be 10-20 Ohm m per meter, and such a picture, if you look at it carefully,
indicates relatively weakly disturbed natural deposits underlying a man-made
layer with a thickness of about 1.2-2.0 m, and these deeper horizons are most
likely represented by compacted sandy or sandy-gravel rocks with stable physical
characteristics (average density of 1.8-2.1 g/ cm?, low porosity of about 15-25%),
forming a natural The geological foundation of the study area, and the stability of
the resistivity within this level (a spread of no more than £10—15 Ohm m) suggests
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that the anthropogenic impact was mainly limited to the upper part of the section,
not penetrating deeper than 6—8 m.

If we move on to a quantitative assessment, the analysis of the obtained
geoelectric models made it possible to quite clearly distribute the various zones
within the studied area (an area of about 0.9 hectares, i.e. approximately 9,000
m?), and it turned out that about 34% of the entire section is characterized by
resistivity values below 60 Ohm m, which indicates increased humidity (up to 30—
45%) and potentially high permeability for pollutants, about 46% falls in the range
of 60—-160 Ohm m, typical of moderately compacted soils and mixed technogenic
deposits with an artificial component content of 20—40%, while the remaining
20% demonstrate values above 160 Ohm m, which, as a rule, it corresponds either
to stable sand formations or to zones with coarse-grained man-made materials,
where humidity can decrease to 5—-10%, and density increases to 2.2 g/cm?, and
such a distribution very clearly reflects the heterogeneity of the environment.

From the point of view of environmental monitoring, special attention is
naturally drawn to zones with low resistivity values - it is precisely these areas,
where 18-25 Ohm m or even 28-40 Ohm m are recorded, that can act as a kind
of “channels” through which pollutants generated during industrial activity
(in volumes of up to tens of tons per year) are capable of migrating deep into
the geological environment. Moreover, the identification of these zones using
geophysical methods gives specialists not just an abstract idea, but very specific
guidelines - where exactly (with an accuracy of 2-5 m) it is necessary to conduct
additional hydrogeological or geochemical studies, including sampling and
laboratory analysis. In real production conditions, such information becomes
critically important for planning remediation measures (with budgets from 10° to
107 conventional units) and preventing the further spread of pollution to depths
greater than 10-12 m.

It is worth noting separately that the obtained results quite clearly demonstrate
that even relatively small-scale geophysical surveys (in this case, an area of about
0.9 hectares, 3 profiles of 80-120 m, about 500-800 measurements) are capable
of providing a very significant amount of information about the state of disturbed
areas, revealing features that cannot be noticed during a normal visual inspection
of the surface, and this, without further ado, emphasizes the effectiveness of
geophysical methods as a rapid assessment tool, allowing one to obtain a detailed
picture of the subsurface structure in a short time (sometimes in 2-5 days of
field work). The practical significance of such studies is particularly high for the
mining industry, where huge volumes of overburden and waste (up to 10°-10°
m?) are stored on the surface or in shallow excavations, and over time (over the
course of 3—15 years), these materials undergo physicochemical changes—from
compaction to secondary wetting and even chemical transformation, which can
lead to environmental risks. Geophysical surveys, however, allow for the early
identification of unstable zones, areas of water accumulation, and potential
pollutant migration pathways, providing enterprises with sufficiently reliable
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information to make decisions aimed at improving environmental management
and reducing long-term risks that could otherwise accumulate over years and lead
to serious consequences.

In addition to the mining sector, the results of similar investigations are highly
relevant for the oil and gas industry, where drilling sites, storage areas, and waste
pits may create localized zones of disturbed ground conditions. Electrical resistivity
methods are capable of detecting variations in soil moisture and composition that
may be associated with leaks of drilling fluids or other industrial substances.
Early identification of such anomalies is extremely important for maintaining
environmental safety and preventing contamination of groundwater resources.

Another important field of application is the construction and infrastructure
sector. Industrial sites that were previously used for production or storage
activities are often redeveloped for new facilities. Before construction begins, it is
necessary to evaluate the stability and environmental condition of the subsurface.
Geophysical investigations provide essential information about the distribution
of disturbed soils, voids, or zones with abnormal moisture content. The results
obtained in this study demonstrate that even simple electrical resistivity surveys
can significantly improve the reliability of such assessments.

The interpretation of the obtained geophysical data indicates that the investigated
technogenically disturbed territory remains affected by processes associated with
the redistribution of moisture and the presence of heterogeneous technogenic
materials. Although no extremely large anomalies were detected, several localized
zones with significantly altered physical properties were identified. These zones
require additional attention because they may influence both environmental
conditions and the mechanical stability of the ground.

The results also show that the thickness of the technogenic layer within the
study site varies between 1.2 and 2.0 m, with an average value of approximately 1.5
m. Beneath this layer the geological environment gradually transitions into more
stable natural sediments. This observation suggests that the main anthropogenic
transformation of the geological medium occurred within the shallowest part of
the section, which is consistent with the nature of industrial activities previously
conducted in the area.

Overall, the conducted research confirms that electrical geophysical methods
provide a reliable and efficient tool for studying technogenically disturbed
territories. The obtained results demonstrate the ability of resistivity tomography
to detect subsurface heterogeneities associated with both environmental and
engineering factors. From an industrial perspective, such information is extremely
valuable because it allows companies operating in the mining, oil and gas, and
construction sectors to make informed decisions regarding land management,
environmental protection, and the safe operation of industrial facilities.

Thus, the analysis of the geophysical data obtained during this study indicates
that the investigated territory contains several zones of altered physical properties
that reflect the influence of past industrial activity. The identification and
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characterization of these zones provide an important basis for further environmental
assessment and for the development of appropriate monitoring strategies. The
practical applicability of the proposed approach confirms the significant industrial
importance of geophysical methods for evaluating the ecological condition of
technogenically disturbed territories.

Conclusions. The study, if considered not in general terms, but with reference
to specific numerical parameters (probing depths of 10—15 m, resistance ranges
from a minimum of 18-25 Ohm m to a maximum of 260-310 Ohm m, a site
area of about 0.9 hectares and a volume of measurements of up to 500-800
points), quite clearly demonstrates the high efficiency of geophysical methods
in the study of man-made disturbed areas and the assessment of their ecological
state, since the use of electrical resistivity tomography made it possible to obtain
detailed information on the structure of the near-surface part of the geological
environment (with a resolution of about 0.5-1.0 m in depth and 2—5 m laterally),
and also to identify zones with contrasting physical properties directly related to
anthropogenic transformation of relief and soils, where resistance differences can
reach 8—12-fold values, and the results themselves, speaking without unnecessary
formality, confirm that geophysical approaches provide sufficient A reliable, non-
destructive, and relatively fast (fieldwork typically takes 2-5 days, with processing
taking another 1-3 days) method for studying subsurface conditions in areas
subject to industrial impact. The use of electrical resistivity measurements enables
specialists to detect hidden inhomogeneities in soils and man-made deposits
(including localized zones 8-18 m wide and 2-7 m deep) that cannot be detected
by visual inspection or limited drilling (e.g., 1-2 boreholes per hectare). This
ultimately significantly increases the reliability of environmental assessments
(by 25-40% compared to traditional methods) and increases the effectiveness of
monitoring programs for disturbed areas.

Geophysical survey showed that within the study area a multi-layer structure
of the geological section is formed, where the upper part is represented by a man-
made soil horizon with a thickness of about 1.2-2.0 m (in places up to 2.3 m),
characterized by relatively low resistance values in the range of 35-70 Ohm m,
caused by high humidity (up to 30-45%) and the presence of finely dispersed
components (the content of clay and silt fractions can reach 40-60%), below
which heterogeneous man-made deposits mixed with natural sediments are
recorded, and in this interval (depths of approximately 1.5-5.0 m) the resistance
values fluctuate within the range of 70—160 Ohm m, reflecting the complex history
of industrial impact on the territory associated with the movement of soil masses
with a volume of up to tens of thousands of cubic meters, and even deeper, starting
from about 7-8 m and up to 10—15 m, there are more stable natural sand and sand-
gravel deposits (with a resistance of 150-220 Ohm m and higher), which form the
natural geological base of the site, which indicates that the main anthropogenic
transformation is concentrated in the upper part of the section and only partially
affects deeper horizons.
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Geophysical anomalies of direct environmental significance identified during
the survey certainly deserve special attention, since zones with significantly
reduced resistivity values (18—25 Ohm m, sometimes up to 28-32 Ohm m)
indicate increased humidity and possible accumulation of finely dispersed
man-made materials, which can act as unique channels for the migration of
pollutants to depths of 2—4 m or more, while anomalies with high values (260-
310 Ohm m) correspond to bodies formed from coarse man-made materials or
compacted construction waste generated during previous industrial activity, and
the identification of such features, in practical terms, provides very valuable
information for assessing potential environmental risks (including the likelihood
of groundwater contamination at a level of 20-35% within local zones) and
allows for a fairly accurate (with an error of 2—5 m) determination of areas where
additional hydrogeological or geochemical studies, including detailed sampling
and laboratory analysis, which ultimately makes such geophysical methods not just
an auxiliary tool, but a completely independent and effective basis for decision-
making in the field of environmental monitoring and management of disturbed
areas.

Overall, the results of the study confirm that electrical resistivity tomography
is an effective tool for environmental assessment of technogenically disturbed
areas. The obtained data allow identification of zones of increased moisture,
heterogeneous technogenic deposits, and stable natural formations, which is
essential for environmental monitoring, land management, and planning of
remediation measures. The proposed methodological approach can be successfully
applied in regions with intensive industrial development, including mining, oil and
gas production, and construction, where reliable information about the subsurface
structure is necessary for ensuring environmental safety and sustainable land use.
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