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Introduction
The ERT method is established as an advantageous 
instrument in mapping the near-surface section. Its 
efficiency is determined by the possibility for good 
differentiation of rocks according to their specific 
electrical resistivity. Recently, this geophysical 
method is used very successfully in Bulgaria for 
solving different geological, hydrogeological, engi-
neering, environmental and mining problems (Di-
movski et al., 2013, 2017a,b; Dimovski, Stoyanov, 
2020; Grigorova, Koprev, 2017, 2018, 2019; Ko-
tsev et al., 2018, Shanov et al., 2009, 2011; Stoy-
anov et al., 2017; Stoyanov, Dimovski, 2020). Here 
we present the research methodology and demon-
strate the results of one case study, illustrating the 
possibilities for localization of karst zones provided 
by the ERT method. 

Study area
The main task of the geophysical survey is to study 
the karst formations in the geological section in 
the area where the route of the Balkan Stream gas 
pipeline is crossing the Vit River (Fig. 1). Accord-
ing to the designed project, the facility has to pass 
about 35–40 m beneath the river. The study cov-
ers the near-surface section to a depth of 53–55 m. 
The terrain on the left bank is predominantly flat, 
but on the right one has a steep slope to S-SE. The 
altitude is in the range of 100–150 m above mean 
sea level. The studied area is dominated by the or-
ganogenic limestones of the Kaylaka Formation, the 
flint limestones of the Komarevo Formation and the 
partly overlying them contemporary alluvial depos-

its of the Vit River (Tzankov et al., 1991, 1994). 
The organogenic limestones are grayish-white to 
white, massive and with layer thickness of about 
20–30 m. They are easily karstified and large cavi-
ties and high permeability zones can be formed in 
them. The organogenic limestones are outcropping 
in the elevated parts on the right bank. In the lower 
parts of the study area they are overlaid by alluvial 
deposits (gravel, sand and clay) having a total thick-
ness in the range of 7 to 25 m. 

Research methods and instruments

The study is accomplished along four geophysical 
surveying lines – ERT 1, ERT 2, ERT 3, and ERT 
4 with a total length of 1400 m (Fig. 1). The field 
measurements are performed applying Schlum-
berger array and using a large number of electrodes 
connected to a multi-core cable (Griffiths, Barker, 
1993). Two sets of 12-core cable with a distance be-
tween the electrodes of 10 m are utilized. When the 
number of electrodes is not sufficient to cover the 
entire length of the surveying line a special proce-
dure is performed in order to increase the horizon-
tal coverage of the scheme. In this case after each 
set of measurements the compound cable is moved 
towards the end of the studied line and all combi-
nations where one or more electrodes in new posi-
tions are included are measured and thus a complete 
coverage of the line under study is ensured. The 
registration is achieved with the help of the equip-
ment Terrameter SAS 1000, manufactured by the 
Swedish company ABEM. The collected data are 
processed and inverted using the computer program 



260

RES2DINV (Loke, 2001). The obtained electrical 
resistivity sections are transformed into geological 
models taking into account the available information 
about the geological-tectonic and hydrogeological 
conditions (Tzankov et al., 1991, 1994). Reference 
data for the electrical resistivity of different rock 
types (Daniels, Alberty, 1975; Keller, Frischknecht, 
1966) are also used, as well as data from the core 
drilling survey and the performed slug tests. 

Results and discussion
The derived sections along all lines are consistent 
regarding the electrical resistivity distribution in 
depth. The developed geoelectrical and geological 
models (Fig. 1) provide an opportunity to achieve a 
more detailed information about the geological and 
hydrogeological conditions, as well as an answer to 
the main question concerning the presence and the 
extent of karst zones in the study area.

It can be summarized that the studied geoelec-
trical section is represented by four main electrical 
resistivity media (zones) mapping layers and zones 
with differences in composition, genesis, secondary 
alterations and degree of water saturation: 

(i) The first electrical resistivity medium (Zone A) 
is characterized by values of electrical resistivity from 
70 to 500 Ωm, rarely more. Most probably, this zone 
delineates the spread of the alluvial deposits of the Vit 
River, represented by gravels, sands and clays. Two 
sub-zones can be separated along surveying lines ERT 
1 and ERT 2 – А1 and А2. Subzone A1 has higher val-
ues of electrical resistivity – most often in the range of 
150 to 500 Ωm, rarely more. This subzone most likely 
maps the dry near-surface part of the river terrace, the 
so-called unsaturated zone. Subzone A2 has lower val-
ues of electrical resistivity – from 70 to 250 Ωm, rarely 
more. It outlines the saturated sandy-gravelly deposits 
in the river terrace. The boundary between subzones 
A1 and A2 marks the groundwater level.

Fig. 1. Location of the study area. Geoelectrical sections along the surveyed lines. Electrical resistivity zones: 1, first electrical 
resistivity medium (Zone A); 2, second electrical resistivity medium (Zone В); 3, third electrical resistivity medium (Zone C);  
4, forth electrical resistivity medium (Zone D).
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(ii) The second electrical resistivity medium 
(Zone B) has the highest values of electrical resistiv-
ity in the studied sections – from 250 to 12500 Ωm 
and more. Along surveying lines ERT 1 and ERT 
2 this zone most possibly maps non-karstified and 
poorly karstified carbonate rocks, represented by or-
ganogenic limestones and flint limestones. The high-
er electrical resistivity values in the sections along 
ERT lines 3 and 4 suggest that here the same carbon-
ate rocks are harder and non-karstified. 

(iii) The third electrical resistivity medium (Zone C) 
is characterized by relatively lower values of elec-
trical resistivity – from 120 up to 1000 Ωm. In the 
sections along surveying lines ERT 1 and ERT 2 
this zone probably outlines the spread of karstified 
and highly karstified carbonate rocks, most likely 
organogenic limestones of the Kaylaka Formation. 
Zone C is established at a depth of 20 to 50 m and 
more, in the segment from 80 to 300 m along the 
two lines. Most probably, the highest karstification 
is in the section from 120 to 250 m, where along 
line ERT 1 this zone is developed in depth down to 
34–45 m, and along line ERT 2 – down to 37–50 m 
and more. 

(iv) The forth electrical resistivity medium 
(Zone D) has the lowest values of electrical resistiv-
ity in the studied sections – from 30 to 150 Ωm. It 
is determined only at the end of the sections along 
surveying lines ERT 3 and ERT 4. This zone most 
likely outlines karst cavities and holes in the near-
surface unsaturated part of the limestone outcrop, 
which are filled with deposited clay materials. 

The presented results confirm the high proficien-
cy of the proposed geophysical approach, based on 
the application of electrical resistivity tomography, 
for localization of karst zones. Similar methodology 
for data acquiring, analysis and interpretation can 
be applied effectively for obtaining qualitative as-
sessments of the hydrogeological conditions in the 
studied areas. It provides possibilities for a precise 
delineation of the spatial boundaries of geological 
and hydrogeological units, tectonic faults, fissured 
zones, water saturated and unsaturated zones, zones 
characterized by a different degree of water perme-
ability, etc.
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