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A bstra ct: Geoelectrics is a branch of geophysics which studies and monitors electrical and, along with
geomagnetism, electromagnetic fields of the Earth. Possibility for application of geoelectrical explorations is based
on the fact that minerals, that composed the rock complex, have different electrical, and partially magnetic character-
istics. Electrical methods study natural and artificial electrical flows in the Earth and give data for distribution of the
rocks with different electrical features. Geoelectrical mapping and sounding represent two basic methods of geoelec-
trical research of Earth interior structure. Using geoelectrical mapping, as a part of this method, is measured specific
electrical resistance along the profile, with constant distance between the probes or constant depth of exploration.
This paper will present process of geoelectrical measurements of Strumica valley or terrain around Bansko spa. De-
scribed is procedure of measurement, data processing, the obtained models and profiles of the terrain and the correla-
tion between the models and the geological structure. Modern computer systems and programs (software) enable
processing of large amounts of data in a relatively short time and models can also be with many parameters. The pa-

per is based on data from field measurements.

Key words: geoelectrics; model; valley; Bansko

INTRODUCTION

Geoelectrical researches in Strumica valley
were conducted in order to correlate geological
structure of the terrain with obtained geoelectrical
model. Measurements were conducted with the
instrument for geoelectrical measurements Ter-
rameter SAS 1000, and results are processed with
the software IPI 2 win. Method of specific electri-
cal resistance was used.

This method allows getting quantitative elec-
trical data from the terrain results obtained with the
investigations. Thus, it can calculate the average
resistance of underground space, which increases
the possibility of getting more accurate results than

the methods of self-potential. Changing the actual
resistance in depth, field work can be connected
with the change of the depth to which is related the
electrical data from the surface of the ground. This
method consists in conducting of electricity with
known strength through research terrain and moni-
toring of the fall of the potential of electricity or
other electrical parameter that is associated with
the electric current. Decreasing of the potential
denotes presence of ore body which apparently
disturbs the "homogeneity" of the certain area
which means detecting the ore body.

GEOLOGICAL AND TECTONIC STRUCTURE OF STRUMICA VALLEY

In the geological structure of the Strumica
valley are present rocks from Precambrian, Paleo-
zoic and Quaternary age. Geological composition
of the wider vicinity of the explored area is
presented on the geological map (Fig. 1) [1].

Investigated area belongs to Strumica—Ra-
dovi$ trench which has orientation east—west, and

toward northwest cuts the structures of Vardar
zone and Serbian-Macedonian massif.

Disjunctive tectonics had much influence on
the final shaping of the area, which has repeatedly
reflected and made various rupture forms, inclu-
ding Belasica fault passing through the researched
field and on which are sources of thermal waters

[7].
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Fig. 1. Overview geological map of the wider vicinity of Bansko spa

GEOELECTRICAL MODEL OF BANSKO SPA

Geoelectrical model of the explored area in
Strumica valley — Bansko spa, is obtained using
geoelectrical measurements or vertical electrical
sounding (VES), method of apparent electrical re-
sistivity of the area with Schlumberger array of
probes (Fig. 2) [11].

Fig. 2. Schlumberger array of probes

Symmetrical array of four probes where AO =
OB = AB/2, and OM = ON = MN/2 and MN/2 is

significantly lower than AB/2, is called Schlum-
berger array of probes.

Unit for voltage drop of the medium is mV,
and unit for electric current which is passed
through the electrodes is mA.

Unit with which is measured apparent geo-
electrical resistance is (Qm [2].

Geoelectrical model of the explored area in
Strumica valley or Bansko spa is conducted with
three profiles with total of 21 probes (Fig. 3). The
paper presents the results from one profile (Profile
1). Obtained diagrams (for two probes) are pre-
sented on Figs. 4 and 5. [3].

Measured data obtained with Terrameter SAS
1000 of eight probes on profile 1 are given in Ta-
ble 1 [4].

Geologica Macedonica, 29 (2) 227-232 (2015)
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LATE ANTIQUITY
HERMAL SPA

Fig. 3. Map with placed geophysical profiles

Table 1
Measured data from profile 1
Apparent resistivity (QQm)
PROBE
AB/2 (m) MN (m) S-1 S-2 S-3 S-4 S-5 S-6 S-7 S-8
2,5 0.3 179.4607 1360.267 87.5311 524.419 596.638 838.413 964.896 1096.148
4 0.3 127.83 1624.9 102.515 429.2 567.15 599.05 1032.55 1821.6
6 0.3 104.3216 7169172 97.63426 227.4803 534.5239  727.0307 1496.233 1869.359
8 0.3 96.65889 616.4871 99.96936 217.281 561.8352  731.8008 2199.744 1853.964
10 1 95.62776 586.4681 92.65739 152.7158 420.3277 597.2353  835.6474 1568.318
15 1 70.6692 363.7941 66.96372 99.77865 289.1558  471.504 1245.03 941.175
20 1 33.60388 428.2311 41.2004 57.21922 172.4998 84.98735 13993.25 585.9219
As can be seen from the table, the measured = probe S-4 — 57.2192 <p <524.419
depth is from 2.5 to 20 m, and measured apparent = probe S-5— 172.499 <p <596.638
resistivity (p) for the probes ranged: = probe S-6 — 84.9873 <p <838.413
= probe S-1 —<70.6692 < p < 179.4607 = probe S-7 — 835.6474 <p < 13993.25
= probe S-2 —363.7941 < p < 1360.267 = probe S-8 — 585.9219 <p < 1869.359
= probe S-3 — 41.2004 <p <102.515
N[ p [ h [ d [ art
1] 179 25 | 25 | 28
(2] 33 p (Qm)
1 1 10 100 1000

Fig.4. Diagram of probe S-1 on profile 1

Geologica Macedonica, 29 (2) 2275-232 (2015)
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Fig. 5. Diagram of probe S-3 on profile 1

Apparent resistivity for the eight measured
probes is p; = 179 Qm, p, = 1360 Qm, p; = 103
Qm, ps = 524 Om, ps = 596 Qm, ps = 8§38 Qm,

p7 =964 Om and pg = 1096 Qm. From these results
is obtained the geoelectrical model of the profile 1

(Fig. 6).
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Fig. 6. Geoelectrical model of profile 1

INTERPRETATION OF GEOELECTRICAL MODEL

Geoelectrical profiles Pseudo cross-section
and Resistivity cross-section (Fig. 6) present the
media, or geological layers with apparent electrical
resistivity [9, 10].

If we correlate the data obtained from these
measurements and measurements from previous
surveys, it is evident that general interpretation is
the same, stating that in these measurements is
mostly covered area up to 20 meters depth, which
detailed separate layers with different apparent re-
sistance.

The resistance profile clearly separated two
areas with different specific electric resistance.

Analyzing these profiles in this area in particular
are: environments with resistance of about 30 QOm
to about 60 Qm actually represent collection sys-
tems and environments with resistance above 60
Qm are insulators [4, 6].

From the analysis of the geological map of
the investigated area it can be concluded that the
separated layers for different values of resistivity
correlate well, or that areas with reduced specific
resistance (collection systems) are represented by
Quaternary sediments.

Geologica Macedonica, 29 (2) 227-232 (2015)
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CONCLUSION

Geoelectrical investigations, or sounding,
clearly mark the borders of horizontal layers with
different specific resistance [8].

On the investigated area, the volume of the
field measurements doesn't give possibility for
definition of vertical structures (faults or contacts).

From the analysis of the obtained results, or
diagrams, can be concluded that correlation be-
tween geological medium and geolectrical model is

very good, or it can be said that separated layers
according the various values of specific resistance
are in good correlation, i.e. media with decreased
specific resistance are present with Quaternary
sediments.

Clearly are separated zones with expressed
hydropotential (decreased specific resistance), or
confirmed are collection systems which have low
electrical resistance and insulating systems.

REFERENCES

[11 RakiCevi¢ T., Pendzerkovski J., Kovacevi¢ M.: Geo-
logical Map of Macedonia, sheet Strumica, 1:100 000.

[2] Delipetrov T.: Basics of Geophysiscs, Faculty of Mining
and Geology, Stip, 2003.

[3] Doneva B.: Correlation between real geological medium
and geoelectrical model, Master thesis, Faculty of Natural
and Technical Sciences, Stip, 2009

[4] Dorn M.: A special aspect of interpretation of geoelec-
trical sounding curves and its application for groundwater
exploration, Geoexploration, 23 (4), 455-469 (December
1985).

[5] User manual for ABEM Terrameter SAS 1000, Sweeden,
http://www.abem.se/files/upload/manual terrameter
.pdf

[6] User manual for software for analyses and interpretation
of data from geoelectrical sounding IPI2Win, Moscow
State University, Geological Faculty, Department of
Geophysics, Moscow, 2002. http://geophys.geol.
msu.ru/ipi_mts/wmts_en.pdf

[7] Rakicevi¢ T., Kovacevi¢ M., Radovi¢ N., Pendzer-
kovski J.: Interpreter of Geological Map of Mace-
donia, sheet Strumica, 1:100 000.

[8] Hussein H. Mahmoud, Mohamed Z. Tawfik: Impact of the
geologic setting on the groundwater using geoelectrical
sounding in the area southwest of Sohag — Upper Egypt,
Journal of African Earth Sciences, 104, p-p 6—18 (April
2015).

[9] Lashkaripour G. R., Nakhaei M.: Geoelectrical investiga-
tion for the assessment of groundwater conditions: A case
study, Annals of Geophysics, 48 (6) (December 2005).

[10] Selvam S., Sivasubramanian P.: Groundwater potential
zone identification using geoelectrical survey: A case
study from Medak district, Andhra Pradesh, India, Inter-
national Journal of Geomatics and Geosciences, 3 (1)
(2012).

[11] Venkateswaran S., Jayapal P.: Geoelectrical Schlumber-
ger Investigation for Characterizing the Hydrogeological
Conditions Using GIS in Kadavanar Sub-basin, Cauvery
River, Tamil Nadu, India, International Journal of Inno-
vative Technology and Exploring Engineering (IJITEE), 3
(2) (July 2013), ISSN: 2278-3075.

Pesume

T'EOEJIEKTPHYEH MOJEJ HA CTPYMHWYKA KOTJIMHA — BAIbA BAHCKO

Baaruna [loneBa

Dakyaitieit 3a UpUpoOgHU U TUeXHUYKU HayKu, Unciiuiuyid 3a teoaoltuja, Yuueepsuiueiu ,, I oye /leaueg”,
bya. Ioye Jleaues 6p. 89, 2000 Llitiui, Peiiybauxa Maxegonuja
blagica.doneva@ugd.edu.mk

K.ﬂy‘ll—[ﬂ 360p0BI/I: TCOCJICKTPUKA, MOJICJI; KOTJINHA, bancko

I'eoenexTprkaTa e rpaHka Ha reoH3uKaTa Koja I u3y-
4yBa U CICIN EJNEKTPUYHUTE M, 33a€HO CO I'€OMArHETH3MOT,
CJIEKTPOMAarHeTHUTE MONNba Ha 3eMjata. MoXXHOCTA 3a MpH-
MEHa Ha T€OCNEeKTPUYHUTE UCTINTYyBama ce 0a3nupa Ha (aKToT
Jieka MHHEpaJiiTe KOM I'0 COYMHYBaaT KapHIEeCTHOT KOMIUIEKC
[OCEAyBaaT Pa3IMyHU CICKTPUYHHM, a JCITyMHO U MarHETHH

Geologica Macedonica, 29 (2) 2275-232 (2015)

cBojcTBa. ENeKkTpuyHUTEe METOM ' M3y4yBaaT IPUPOAHHUTE U
BELITAYKUTE €IEKTPUYHM TEKOBH BO 3eMjaTa M JaBaatr Ioja-
TOIM 3a pacnpezendara Ha KapIuTe CO PA3INIHH €IeKTPHIHN
CBOjCTBA. ['€0ENEKTPUYHOTO KapTHPAamke M COHAMPABETO Ce
JIB€ OCHOBHHM METOAM Ha TEOCNEKTPUYHO HCTPaKyBame Ha
3emjuHaTa BHaTpemrHa rpajgoa. [Ipu kopucTeme Ha eleKTpHd-
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HOTO KapTUpame KaKko el 0Jf 0Baa METO/a, C€ MepH IPOMEHa-
Ta Ha CHENU(UYHUOT €JIEKTPUUCH OTIIOP HAIOJDK NPOQUIOT
IIpY, TJIaBHO, KOHCTAaHTHO pPAacTOjaHHe IOMely EeJNEKTPOAUTE
WM KOHCTaHTHA JUTa00YMHA HAa UCTpaxyBame. Bo 0BOj Tpyn €
MPE3EHTHPAH MPOLECOT Ha I'e0eNICKTPUYHU Mepera Ha CTpy-
muukata KoTnnHa, 01HOCHO TepeHOT okony Oamarta baHcko.
OmnmiraHa e mocramnkara Ha Mepeme, 00paboTKaTa Ha MoJaTo-

uTe, T00MEHUTE MOJEIH U PO Ha CpeIrHATa U KOpea-
ujaTa moMery MOJENUTe U reosoiikara cpeauna. CoBpeme-
HHUTE KOMIIYTEPCKH CHCTEMH U TporpaMu (COQTBEpH) OBO3-
MOXyBaaT 00paboTKa Ha TroJieM Opoj MOAATOIH 32 PEIATHBHO
KpaTKO BpeMe U MOJENUTE HAaeIHO MOXKaT J1a OuzjaT nmoBekerna-
pametapcku. TpyadoT ce TeMenH Ha MOJATOLUTE O] TePESHCKHU-
TE Meperba.

Geologica Macedonica, 29 (2) 227-232 (2015)
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