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Abstract. Purpose. Determination of the possibility of applying the method of observing the natural
impulse electromagnetic field of the Earth to isolate watering faults with the subsequent laying of water water-
interception wells. Methods. The method of the natural impulse electromagnetic field of the Earth was used to
isolate flooded faults in the studied areas. Findings. The development of deposits of minerals by the open
method is often hampered by abundant water inflows into the quarry of groundwater's as a result of
disturbance of the natural hydrogeological conditions of the site of work. To solve such problems, the article
shows the possibility of using the method of the natural impulse electromagnetic field of the Earth in order to
isolate watered disruptive disturbances on the territory of the Yeristovo quarry. The tectonic disturbances
identified by us are characterized by the submeridional orientation of the structures of the natural impulse
electromagnetic field of the Earth. Based on the studies performed, it can be concluded that it is advisable to
perform the inception of water-interception wells within the minimum values of the natural impulse
electromagnetic field of the Earth - in the southern parts of the sites. Originality. For the first time, using the
method of observing the natural impulse electromagnetic field of the Earth, the natural impulse
electromagnetic field of the Earth flux density maps were constructed in areas adjacent to the Yeristovo
career, which made it possible to single out the positions of watering faults. Their strike azimuths coincide with
the main ones - the Main and Yeristovo faults. Practical implications. Based on the studies performed, it is
possible to recommend the laying of water-interception wells, which should be carried out within the zones with
the minimum values of the natural impulse electromagnetic field of the Earth in the southern parts of the
research sites. For the first time, three-dimensional models of distinguished tectonic structures were
constructed, according to which it is possible to trace the elements of shear deformation, as well as the
anticlinal fold structure.

Keywords: natural impulse electromagnetic field of the Earth, tectonic disturbance, water inflow,
Yeristovo fault, Main fault.
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Introduction. The development of deposits by the open method, as a rule, is
complicated by the water inflows, which are formed mainly due to the opened
aquifers, as well as powerful zones of water-borne faults. Hydrogeological conditions
of mining of iron ore deposits are determined by the nature of the permeability of
fractured karst reservoirs, which in natural conditions contain groundwater reserves.

In this case, the flooded rocks have a negative impact on all technological
processes. As the quarry becomes a drain, the conditions of surface and underground
runoff are violated, as a result of which a zone of filtration deformations is formed.
Under the influence of watering, surface erosion occurs, suffosion and landslide
deformations of boards and heaps occur, and the presence of water-flooded rocks
worsens excavation conditions and reduces the performance of mining equipment.

Drainage (protection) of the quarry field from groundwater of various origins
makes it possible to minimize the occurrence of negative mining and geological
conditions, which ensures efficient and safe mining operations.

Under the conditions of high rates of mining at the Yeristovo field, a surface
drainage method was previously proposed for opening the quarry, which included
drilling of water-lowering wells equipped with filters and located along the pit walls -
51 wells per quaternary aquifer; 50 wells in the Buchaksky aquifer and 4 drainage
trenches located at the bottom of the pit. The distance between the wells is 100 m, the
flow rate of one well is approximately 100 m*/hr. The inner contour is represented by
horizontal drains and quarry drainage. The depth of drains from the surface is more
than 20 m, the length is 600-700 m. Drainage water is discharged into the bypass
channel [1].

However, in practice, the proposed method of drainage is not sufficiently
effective, since the positions of powerful water-boring faults were not taken into
account when laying down the system of water-lowering wells.

Methods. Watered discontinuous faults were isolated using an operational
geophysical express-method for observing the natural impulse electromagnetic field
of the Earth (NIEMFE) with a radio-wave indicator of a stress-strain state of rocks
(RWISSS) (RWISSS AXI 2.026.001) [2]. The carrying out of reference points and
observation profiles of research sites on the surface of the plots were performed using
geodesic GNSS receiver Leica Geosystems Viva GS08 plus. The observation data of
NIEMFE were processed using a personal computer, then they were used to construct
maps of the density of the NIEMFE. Rock fractures were distinguished using
previously developed methods [3].

Results and discussion. Yeristovo iron ore deposit is located in the Kremenchuk
district of the Poltava region, in the left bank of the Middle Dnipro. It is a part of a
complexly constructed Kryvorizka-Kremenchutska suture zone, within which the
deposits of the Kryvorizko-Kremenchutskyi iron-ore basin, which is divided into the
Kryvorizkyi and Kremenchukskyi iron-ore regions, are concentrated. Yeristovo field
is bordered on the Lavrykivske field, in the north, with the Bilanivske field. The
deposit covers an area of about 3 km?.

The Kremenchuk magnetic anomaly area belongs to the region of the northeastern
slope of the Ukrainian crystalline shield, with a clearly pronounced immersion of its
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surface in the northeastern direction, in the direction of the Dnieper-Donets
depression. The territory of the Yeristovo field is located within the eastern wing of
the Horishna-Plavninska syncline.

Precambrian metamorphic and igneous rocks of the crystalline basement, covered
with a continuous sedimentary cover, take part in the geological structure of the area.

Among the oldest crystalline rocks within the deposit, metamorphic formations of
the konksko-verkhovtsevska series of the Archean and the Kryvyi Rih Proterozoic
series, as well as the complexes of granitoids corresponding to them in age are
common.

Within the deposit, the weathering crust of crystalline rocks of Paleozoic-
Mesozoic age, with a thickness of from 20 to 60 m. It is represented by brown iron
ores, aluminous and ferruginous laterites, variegated and white clay and other clay
formations. A particularly powerful linear weathering crust has formed in the zones
of faults, where it forms depressions up to 115 m deep.

The crystalline basement of the Yeristovo deposit is covered with a continuous
cover of thick sedimentary deposits, represented by Paleogene and Quaternary
sediments. Cenozoic deposits occur almost horizontally, with an immersion to the
northeast of only 1 m per 1 km. In the composition of the Paleogene stand out
deposits Buchak, Kyiv and Kharkiv suites.

The complex of Precambrian rocks has a very complicated fold-block structure
due to the presence in the region of a number of large anticlinal and dividing
synclinal structures of submeridional strike. From the west, the deposit is limited to
the Main fault.

The zone of the Main fault is traced in the form of a wide strip (40-80 m thick) of
intensely fragmented, milonitized rocks. It is accompanied by intensive crushing of
rocks, development of carbonation, sericitization, chloritization and pyritization of
rocks.

The western part of the zone of the Main fault passes through granitoids, the
eastern - through the detrital rocks of the upper suite. The Yeristovo fault of the
submeridional strike passes through the center. The amplitude of the displacement of
rocks along the Main fault reaches hundreds of meters. Granitoids in the fault zone
are heavily crushed, broken up by numerous cracks in which sericitization is
observed. Barren quartzites and meta sandstones of the upper suite in the fracture
zone are mainly brecciated and fragmented into small fragments (crushed stone),
intensively carbonated, with multiple sliding mirrors.

The Yeristovo fault is also a major fault fracture of a fault-displacement nature,
which is observed to the east of the Main fault and has an almost parallel strike with
it. The fall of the Yeristovo fault plane is western, at an angle of 75-85°. The
amplitude of displacement of rocks along the fault is measured in dozens, in some
places by the first hundreds of meters.

The Yeristovo fault zone can be traced in the form of a narrow strip of intensely
fractured rocks, 20-40 m thick. [4].

Within the deposit, groundwater is widespread, enclosed in sediments of the
Quaternary system, the Kharkov and Buchak formations of the Paleogene, as well as
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in the cracked zone of Precambrian crystalline rocks. The water abundance of the
aquifer of the Precambrian crystalline rocks is determined by the degree of fracturing
of the rocks, the condition of the cracks, the conditions of feeding. The thickness of
the upper, most water-rich zone of active fracturing is 100-150 m, increasing in
places up to 200 m and more. In zones of tectonic disturbances fracture extends much
deeper. Exploratory wells encountered water-bearing cracks containing high-pressure
salt water at depths of more than 800 m. The highest water abundance is
characterized by the upper zone of active fracturing within the areas where there is a
direct hydraulic connection with the aquifer of the Buchak suite.

The water inflows into the quarry of the Yeristovo deposit reach 2464 m*/hr.

At the initial stage of studying water-borne tectonic disturbances, we reviewed
the position of the Yeristovo deposit on the tectonic map of Ukraine [5].

The research area is located on the border of two tectonic blocks -
Serednoprydniprovskyi and Ingulskyi (Fig. 1). The dominant directions of
development of deep tectonic disturbances according to the tectonic map of Ukraine
are: 0% 7-10° 85-90°.
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Figure 1 - Fragment of a tectonic map of the Serednopridniprovskyi and Ingulskyi megablocks of
the Ukrainian shield Scale 1:1 000 000

The observations of NIEMFE were carried out at five research sites proposed by
the management of “Yeristovo Mining” in accordance with the methodology
developed and protected by the patent. [6], on profiles which attached to the reference
coordinate points. Flow density is measured in c.u. (conditional units — number of
impulses per unit time). Registration of flux density of NIEMFE is carried out
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according to the indicator.
The position of observation points, observation profiles and the profile directions
Is shown in Figure 2.
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Figure 2 - Position of NIEMFE study sites No. I, Il, I1I, IV, V and rendered point numbers in the

quarry zone

Observations were made at 381 points. The number of observation profiles is 43.
The observation profiles were located submeridionally. The density of the
observation grid on research areas was 10x10 meters. The volume of field work
amounted to 3860 linear meters.

Fragments of the observed NIEMFE were considered in detail on separate
sections. Since the survey was performed in several stages, the boundary profiles
were combined.

According to the observations, maps of the density of the NIEMFE flux at the
sites where the zones of potentially flooded tectonic disturbances were identified
were constructed (Fig. 3, 5, 6).

The combined map-scheme of the NIEMFE flux density of the sites Ne [ and III is
shown in Figure 3.
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Figure 3 - Combined map-scheme of NIEMFE flux density at sites Ne I, III with tectonic
disturbance

The flow density of NIEMFE at sites No I, III varies from 1 to 14 c.u. When
considering the obtained map-scheme of the site Ne I, the submeridional orientation
of the selected field structures attracts attention. This is explained by the fact that the
research site is located in the zone of influence of the submeridional Main fault. Its
branch fault component is located in the east of this research site.

In the western part of site PK (picket) 40-85 m (along the X axis), a zone of lower
values is also observed, which is characterized by a flux density level of 1.5-3.5 c.u.,
which may indicate the presence of another submeridional fault.

The central part of the study site PK 85-145 m (along the X axis) is characterized
by a zone of elevated values of NIEMFE of 5.5-14 c.u., the contours are formed in
the form of an anticlinal fold structure. Its individual fragments indicate the presence
of shear deformations (PK 40-60 m along the Y axis; PK 150-180 m along the X
axis), which are characterized by lower values of the NIEMFE flux density — 1.5-4.5
c.u.

The constructed three-dimensional model of the selected tectonic structures at
research site Ne | is shown in Figure 4.

When considering the received map-scheme of site Ne III, the submeridional
direction of the structures also attracts attention. This is explained by the fact that the
research site is in the zone of influence of the Main Fault. Its feathering component is
located in the eastern part of the site. In the area of PK 25-40 m along the X axis, a
zone of lower values is observed, which is characterized by values of the flux density
of NIEMFE of 1-1.5 c.u.
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Figure 4 - Three-dimensional model of selected tectonic structures research site Ne [

The central and western parts of the research site Ne III (PK 0-25 along the X
axis) are characterized by zones of stable, higher field values up to 4 c.u. In addition,
it is possible to determine the width of the submeridional fault structure, which is
about 60-70 m from the values of the NIEMFE flux density.

Thus, according to the results of the research, submeridional faults were
identified, in zones where the maximum water inflow is expected. They are located in
the intervals of PK 40-80 m and PK 145-180 m along the X axis, in the contours of
the isolines of the minimum values of NIEMFE, less than 3 c.u.

Figure 5 shows a combined map-scheme of the flux density of plots Ne I, IV. The
flux density of NIEMFE at site Ne IV varies from 1 to 3.7 c.u.
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Figure 5 - Combined map-scheme of NIEMFE flux density at sites Ne I, IV with tectonic
disturbance
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In these areas, a predominance of the submeridional direction is also observed. An
insignificant diagonal structure with a strike azimuth of 10-12° is located along the X
axis in the range of PK 200-210 m. It is characterized by the values of NIEMFE 1-1.6
c.u. This suggests that the formation of this anomalous zone occurred under the
influence of the Kryvyi Rih-Kremenchuk fault. In addition, in the southern part, the
sublatitudinal structure of PK 190-240 m can be traced, which is possibly a
continuation of the sublatitudinal tectonic disturbance which located within the Ingul
megablock (Fig. 1).

In the interval of the PK 240 m, an insignificant submeridional structure is traced
along the X axis. According to the results of the research, another watered
submeridional zone of tectonic disturbance been identified, which is located within
PK 150-190 m (along the X axis), its width is approximately 40 m.

The flux density of NIEMFE at research site Ne II varies from 1.5 to 8.5 c.u. (Fig.
6).

20 30 50 60 70 80 90
- isolines of flux density of NIEMFE, c.u; [=~J - axes of detected tectonic disturbances

Figure 6 - Combined map-scheme of NIEMFE flux density at site Ne II with tectonic
disturbance

In this area, a more complex tectonics is observed - in addition to the
submeridional structure, traced in the PK interval 60-75 m along the X axis, a
fragment of the tectonic disturbance following the Krivyi Rih-Kremenchuk direction
- PK 25-40 m along the X axis is revealed. A complex anticline structure is traced in
the north of the central part of the research site of PK 30-65 m along the X axis. It is
characterized by values of the flux density of NIEMFE more than 5 c.u.
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A three-dimensional model was also built on this site, on which one we can trace
the element of shear deformation that formed the branch fault of the Yeristovo fault

(Fig 7).

¢ 15

Figure 7 - Three-dimensional model of selected tectonic structures at the research site Ne II

Comparison of the initial exploration data of the research sites and the constructed
NIEMFE map-scheme are shown in Figure 8. As follows from the data presented, the
results of the studies carried out by the NIEMFE method supplement the data on the
geological and tectonic conditions of the study area, allowing tracing faults to the
west and east, as well as determining their probable width.

» . .
-

Figure 8 - Comparison of the initial exploration data with the results obtained using the
NIEMFE method

Thus, as can be seen from the presented materials, it is advisable to build water

interceptor wells within the southern parts of research sites Ne I, 111, IV, in areas with
minimal values of the natural impulse electromagnetic field of the Earth (less than
3.5-2 c.u.).

Conclusions. Constructed according to the observation of natural impulse
electromagnetic field of the Earth flux density maps-schemes by the NIEMFE made
it possible to single out the positions of watering faults in areas adjacent to the
Yeristovo quarry. Their strike azimuths coincide with the faults - the Main and
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Yeristovo.

In the western part of the research sites Ne I, Il at their combination, the width of
the discontinuous disturbance is determined, which is 50-60 m.

The combination of sites Ne I, IV, allowed us to allocate another zone of tectonic
disturbances with a width of about 40 m.

In the eastern part of the research sites, flooded tectonic disturbances are less
pronounced, they are much smaller in width and are characterized by less contrasting
values of NIEMFE level.

On the basis of the studies performed, it is possible to recommend the laying of
water interceptor wells, which should be carried out within the zones with the
minimum values of NIEMFE (less than 3.5-2 c.u.) in the southern parts of the sites Ne
[, 11, V.
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AHoTauif. MeTta. BusHauyeHHS MOXNMBOCTI 3aCTOCYBaHHS METOAY CMOCTEPEXEHHS MPUPOQHOTO iMMYMbCHOrO
eneKkTpomarHiTHoro nons 3emni Ang BWAINEHHS OOBOOHEHUX PO3PWBHWX MOPYLUEHb 3 NOLANbLUMM 3aKNafeHHAaM
BOJONEPEXONIYMX CBEPAMOBUH.

MeToguka. [Ins BuaineHHs 06BOAHEHNX PO3PUBHIX MOPYLLEHb Ha AiNsHKaX, WO AOCAiAKYBanuCh, 3aCTOCOBYBaBCS
MeTOZ NPUPOLHOTO iMMYNLCHOMO ENEKTPOMArHiTHOr0 nons 3emni.

Pesynbtatn. Po3pobka pOAOBWLY, KOPUCHMX KOMamuH BigKPUTMM CNOCOGOM 4acTO YCKMaAHETHCA PSCHUMM
BOJONPUTOKAMM B Kap'ep MiA3EMHNUX BOA BHACMIZOK NOPYLIEHHS MPUPOSHWMX FiAPOreosioriyHnx yMoB AiNsHKW NPOBeaeHHS
pobit. [1ns BUpilLEHHS Takux npobnem, y cTaTTi nokasaHa MOXIMBICTb 3aCTOCYBaHHA METOZY MPUPOAHOTO iMMYNbCHOTO
€NEKTPOMArHiTHOro nons 3emni 3 MeTol BUAINEHHS 0BBOAHEHUX PO3PUBHMX MOPYLUEHb HA TEPUTOPIi EPUCTIBCLKOrO
kap'epa. BuaineHi Hamu TEKTOHIYHI MOPYLUEHHS XapaKTepusylTbCs CyOMEpuaiOHanbHUM  HampPsIMKOM  CTPYKTYp
NPMPOLHOrO IMNYNbCHOTO enekTpoMarHiTHoro nons 3emni. Ha nigcTasi BUKOHAHWX AOCTIMKEHb, MOXHa 3pobuTy
BMCHOBOK, LU0 3aKnafeHHs BOAOMNEPEXOnioynNX CBEPASIOBUH LOLNbHO BUKOHYBATW Y MeXax MiHIManbHWUX 3Ha4YeHb
NPUPOSHOrO iIMMYNLCHOTO ENEKTPOMArHiTHOro Nons 3emi - Ha MiBAEHHUX YacTUHaX LiNsHOK.

HaykoBa HOBM3Ha. Bnepwe, 3 3acToCyBaHHSM MeETOZy CMOCTEPEXEHHS  MPUPOAHOTO  iMMYNbCHOrO
€MEeKTPOMArHiTHoOro nons notoky 3emni, nobygoBaHi KapTM-CXEMM LWiNIbHOCTI MOTOKY MPUPOAHOrO iMMyfbCHOrO Mons
3emni Ha finsHKax, npunernux 4o EpuUCTIBCLKOro Kap'epy, ki LJO3BONMIM BUAINUTYM NOMOXEHHS 06BOAHEHNX PO3PUBHIX
MOPYLUEHb. IX a3UMyTV NPOCTAraHHst 36iraloTbCs 3 OCHOBHUMM - [OMOBHUM i €pUCTIBCLKMM poanomami. Brepiue
nobyfoBaHO TPUBMMIPHI MOZENi BUZINEHUX TEKTOHIYHUX CTPYKTYP, 3@ SKUMM MOXIMBO MPOCTEXUTA €MEMEHTN 3CYBHOI
pedopmalii, a TaKoX aHTUKNIHANbHY CKNaaKy.

MpakTMyHa 3HaumMmicTb. Ha nigctaBi  BUKOHAHWX [OOCMIQXEHb, MOXHA PEKOMeHOyBaTW  3aKnafeHHs
BOJONEPEXONIOIOUMX CBEPATIOBUH, SKE AOUINbHO BUKOHYBATU Y MEXaX 30H 3 MiHIManbHUMKU 3HAYEHHSMU LLiNbHOCTI
MOTOKY MPUPOLHOMO IMMYNbCHOrO ENEKTPOMArHiTHOO MoNst MOTOKY 3emni Ha NIBAEHHWX 4acTUHAX MaldaHuuKiB
JOCRIIKEeHHS.

KntouoBi cnoBa: npupogHe iMMynbCHE eNneKTpOMarHiTHe none 3emni, TEKTOHIYHEe NOPYLUEHHSl, BOLOMPMTOK,
€pUCTIBCHKMIA PO3MOM, OMOBHWIA PO3TIOM.

AnHoTaums. Llens. OnpeaeneHne BO3MOXHOCTY NPUMEHEHUS MeToAa HabniogeHns eCTECTBEHHOMO UMMYMbCHOrO
9NEKTPOMarHUTHOro nons 3emnu Ans BbiAeneHns 06BOAHEHHbIX Pa3pbIBHBIX HAPYLLEHUI C NOCNEAYIOLWMM 3an0XeHNEM
BOZONEPEXBATLIBAOLLMX CKBAXMH.

MeToauka. [ins BbloeneHnst 06BOAHEHHbIX Pa3pbiBHbIX HAPYLLEHWA HA UCCeyeMbIX y4acTKax MPUMEHSICH METOA
€CTECTBEHHOrO MMMYNbCHOTO SNEKTPOMArHUTHOro nons 3emnu.

Pesynbtatbl. PaspaboTtka MecTOpOXAEHW MOMEe3HbIX MCKONaeMblX OTKPbITbIM CrOCOBOM 4acTo 3aTpyaHsieTcs
0BWNbHBIMI BOJONPUTOKAMMU B Kapbep MOL3eMHbIX BOL BCREACTBUE HApYLUEHWS €CTECTBEHHbIX MOPOreonornyeckux
YCroBMI yyacTka nposefeHus pabot. [ins pelenns Takux npobrem, B pabote nokasaHa BO3MOXHOCTb MPUMEHEHUS
MeTOAa eCTECTBEHHOTO UMMYNbCHOTO 3MEKTPOMArHUTHOMO Nonst 3eMnu ¢ Lenbio BblAeneHns 06BOAHEHHBIX pa3pbiBHbIX
HapyLLEeHWI Ha TeppuTopuM EpUCTOBCKOrO Kapbepa. BblgeneHHble Hami TEKTOHMYECKUE HapYLLEHUS XapaKTepuayTcs
cybMepuanoHanbHbIM HanpaBieHWeM CTPYKTYP €CTECTBEHHOrO MMMYNbCHOTO 3NeKTpOMarHuTHoro nons 3emnu. Ha
OCHOBAHMM BbIMONHEHHbIX UCCENoBaHWA, MOXHO CAenaTb BbIBOA, YTO 3anOXeHWe BOLONEepexBaThiBAOLNX CKBAXMH
LienecoobpasHo BbINOMHATL B NPeAenax MUHUMAIbHBIX 3HAYEHU eCTECTBEHHOTO WUMMYNbCHOTO 3MIEKTPOMArHUTHOrO
nons 3eMnu — Ha IXHbIX YacTsX NoLaaoK.

HayyHas HoBM3Ha. Bnepsble, C npuMeHeHMeM MeToga HabnIOLEeHUs  eCTECTBEHHOr0  MMMYMbCHOro
9NEeKTPOMArHUTHOTO NOfIs NOTOKa 3eMITK, NOCTPOEHbI KapThbl-CXeMbl MIIOTHOCTW MOTOKA €CTECTBEHHOMO UMMYIbCHOrO
nons 3emmu Ha yyactkax, Mpureratowmx K EpuCTOBCKOMY Kapbepy, KOTOpble MO3BOMWMM BbIAENUTb MOMNOXEHNS
0BBOAHEHHbIX PAa3pbiBHbIX HapyLWeHWA. KX asuMyTbl NpOCTMPaHWs COBMAZalT C OCHOBHbIMA — [T@BHbIM W
EpucToBckum pasnomamu. Bnepsble MOCTPOEHbl TPEXMEPHbIE MOAENU BbIAENEHHbIX TEKTOHWYECKUX CTPYKTYp, MO
KOTOPbIM BO3MOXHO NPOCNEeAUTb dNeMeHTbl CABUrOBOM AeopMaLK, a Takke aHTUKMMHANBHYIO CKIaky.

MpakTnyeckas 3HaYMMOCTb. Ha OCHOBaHUW BbLIMOMHEHHBLIX WCCMNENOBAHWA, MOXHO PEKOMEHAO0BATh 3anoXeHue
BOAONEPEXBATLIBAIOLMX CKBAXWH, KOTOpPOE LenecoobpasHo BbINOMHATL B Mpedeniax 30H C  MUHUMANbHbIMM
3HAYEHNAIMM NIOTHOCTU NOTOKA MPUPOAHOTO UMMYIIBLCHOMO ANIEKTPOMArHUTHOMO MONS NOTOKa 3eMIN Ha HXKHbIX YacTsX
NNoLazoK uccnesoBaHus.

KntoueBble cnoBa: eCTeCTBEHHOE MMMYNbCHOE 3MEKTPOMArHUTHOE nore 3emnu, TeKTOHUYECcKoe HapyLueHue,
BOAONPUTOK, EpnCTOBCKMI pa3nom, MMaBHbIi pasnoMm.
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