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Abstract: Resistivity method using 596 Schlumberger vertical electrical soundings along 26 profiles are conducted in the 

Curin basin, Iran to investigate the sub-surface layering and aquifer characteristics. The results of quantitative and qualitative 

interpretation of data reveal four layers. The true resistivity of the top soil varies from 3 to 800 ohm-m while the thickness 

varies from 0.5-15 m. The second layer (dry alluvium) is thicker than the surface layer with resistivity values less than 100 

ohm-m. The third layer, which constitutes an aquifer, has resistivity values of less than 10 ohm-m and depth values of less 

than 30 m in most locations. The maximum depth of aquifer is 60 meters in the northwest and southeast portion of the study 

area. The fourth layer (bedrock) is characterized by two electric resistivity values ranges. In most parts of the area, it is more 

than 60 ohm-m, corresponding probably to slate, while in other areas, it is less than 60 ohm-m, corresponding probably to 

shale. Finally from the quantitative interpretation of VES curves, the limits of the aquifer were determined. 
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INTRODUCTION 

 The technique of vertical electrical soundings using a 
Schlumberger array, consists of a fast and versatile proce-
dure of geophysical investigation. This method, a low-cost 
technique, is suitable for hydrogeological surveys of sedi-
mentary basins and is commonly used for surveying for wa-
ter in arid areas [1]. It is well known that this method can be 
successfully employed for ground water investigations, 
where a good electrical resistivity contrast exists between the 
saturated and unsaturated layers. This method is regularly 
used to solve a wide variety of groundwater problems. Some 
recent studies include: determination of zones with high 
yield potential in an aquifer [2-5], determination of the 
boundary between saline and fresh water zones [6-8], de-
lineation of groundwater contamination [9-11], exploration 
of geothermal reservoirs [12, 13], groundwater exploration 
in hard rock [14 -16], estimation of aquifer specific yield 
[17] and estimation of hydraulic conductivity and transmis-
sivity of aquifer [18-21].  

 This study was conducted in an arid region in the Curin 
basin. It is located south of Zahedan, in the southeastern part 
of Iran (Fig. 1). Specifically, the study lies between latitude 
28° 47' and 29° 00' north and longitude 60° 13' to 60° 29' 
east, covering an area of about 800 km

2

. The study area has a 
terrain elevation average 1500 m and its climate is desertic 
and arid, with the annual temperature ranging between 8 and 
42°C. The average annual rainfall is around 73 mm. 

MATERIAL AND METHODOLOGY 

 The resistivity technique examines horizontal and verti-
cal discontinuities in the electrical properties of the ground.  
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It measures earth resistivity by passing an electrical current 
into the ground and measuring the resulting potentials cre-
ated. This method involves the supply of direct current or 
low-frequency alternating current into the ground through a 
pair of electrodes and the measurement of the resulting po-
tential through another pair of electrodes (potential elec-
trodes) [22]. Because the current is known and the potential 
can be measured an apparent resistivity can be calculated. 
The apparent resistivity of the subsurface material is a func-
tion of the magnitude of the current, the recorded potential 
difference and the geometry of the electrode array used. The 
current electrodes spacing (AB) increases after each reading 
while the potential electrodes spacing (MN) increases only 
when deemed necessary and controlled by the relation AB/2 

 5MN/2 as required by the Schlumberger array [23]. For 
Schlumberger soundings (Fig. 2a), the apparent resistivity 
values ( a) were plotted against half current electrode separa-
tion (AB/2) on a log-log graph and a smooth curve was 
drawn for each of the soundings (Fig. 2b). Then, the sound-
ing curves were interpreted to determine the true resistivities 
and thicknesses of the subsurface layers. The depth of pene-
tration is proportional with the Schlumberger array (Fig. 2c) 
to the separation of the current electrodes and is increased in 
order to penetrate deeper into the earth. However, the rela-
tionship between separation and depth is a function of the 
electrical structure. In general, the depth of penetration is 
small with this method, and only shallow subsurface layers 
have been surveyed [24].  

 Aquifer resistivity is controlled by water content, water 
quality and grain matrix (including shape, diameter and sort-
ing of the grains, geometric packing arrangement and degree 
of matrix cementation) [5]. Rock resistivity depends on a 
number of factors such as the amount of water present in 
fractures, weathering, porosity, fracturing and the degree of 
saturation [25].With decreasing grain-size and water quality, 
the resistivity value is decreased. In saturated layers having 
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high resistivity water and small-grain size, the electrical cur-
rent is not only conducted by the water but also by the grain 
matrix [26]. 

 A total number of 596 vertical electrical soundings 
(VES) with a spacing of 750 meters were conducted along 
26 geoelectric profiles, in order to evaluate the geoelectrical 
setting of the Curin basin, south of Zahedan, Iran (Fig. 1). 
The soundings are arranged along profiles ranging approxi-
mately east-west. The profiles were spaced 1000m from each 
other. The VES data were acquired using a KD Sound Ter-
rameter instrument with current electrode separation (AB) 
varying from 2 m up to 1000 m in successive steps.  

 The apparent resistivity data are associated with varying 
depths relative to the distance between the current and poten-
tial electrodes and can be interpreted qualitatively and quan-

titatively in terms of a lithologic and/or geohydrologic 
model. In the qualitative interpretation method the shape of 
the field curve is observed to assess the number of layers and 
their resistivity. The results of this method yield isoapparent 
electrical resistivity maps and geoelectrical pseudosections. 
In the quantitative interpretation method true resistivity ‘ ’ 
and layer thickness ‘h’ as the fundamental characteristics of 
a geoelectric layer are obtained. The results of this method 
are represented in the form of the resistivity values that can 
be used for preparing an isoapparent electric resistivity map 
and the geoelectric cross-sections. These cross-sections re-
flect both lateral and vertical variations in resistivity. The 
quantitative interpretation of VES curves in this study was 
done by the well–known method of curves matching. In 
curves matching technique, the field VES curves are com-
pared with set of theoretical curves to obtain ‘ ’ and ‘h’. To 

 

Fig. (1). Location map of the study area showing VES locations. 

 

 

 

 

 

 

 

 

 

 

 (a) (b) (c) 

Fig. (2). VES geoelectric sounding (a) Schlumberger array. Current is delivered through the electrodes A and B, and voltage readings are 

made with electrodes M and N, (b)A Schlumberger sounding curve in a simple three-layer system. The apparent resistivity is plotted versus 

the AB/2, (c) As the distance between the current electrodes is increased, so the depth to which the current penetrates is increased. 
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procure initial model parameters the field curve is matched 
with standard curves and also by auxiliary point technique 
[27]. It is anticipated that the results of this study could also 
be used to determine the aquifer boundary of the study area. 

RESULTS AND DISCUSSION 

Isoapparent Resistivity Maps 

 The isoapparent resistivity maps reflect lateral variation 
of apparent resistivity at a certain depth. In other words, 
these maps indicate distribution of apparent resistivity in the 
area against distance of current electrodes. The maximum 
depth penetration of the AMNB method is 1/3 to 1/4 of the 
maximum distance of current electrodes [28]. In the case 
study isoapparent electric resistivity maps were constructed 
at AB= 100, 200, 300 and 400 m. These maps reflected the 
lateral variations of the electric resistivity at a depth of about 
25, 50, 75 and 100 meters, respectively.  

 The isoapparent electric resistivity map for AB= 100 m 
showed the apparent resistivity values in the center, northern 
and northeastern parts of the study area were lower than 

elsewhere (Fig. 3a). Because current is conducted electro-
lytically by the groundwater (in the saturated layers) and by 
surface contact of minerals (in the dry layers) [29] the low 
values of apparent resistivity are attributed to the presence of 
a saturated layer and the high values of apparent resistivity 
elsewhere to the presence of an unconsolidated and dry 
layer. The isoapparent electric resistivity map for AB= 200 
m indicates the presence of bedrock in the northeast part of 
area and adjacent mountains and the presence of aquifer 
elsewhere (Fig. 3b). It showed that the apparent resistivity 
values in western parts of area were lower than the east. 
Those in the center were lowest, because sediments grain 
size decreases towards the center. The isoapparent electric 
resistivity map for AB= 300 m indicates the presence of an 
aquifer in the northwestern part of the study area and the 
presence of bedrock elsewhere (Fig. 3c). High apparent re-
sistivity in the northwestern part of the study area was due to 
high resistivity of the aquifer because of its coarse grain size. 
The isoapparent electric resistivity map for AB= 400 m re-
flects the lateral variation over a horizontal plane at a depth 
of about 100 meters that indicated the presence of bed rock 
in the study area (Fig. 3d). The apparent resistivity values of 
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Fig. (3). Isoapparent resistivity map for AB=100 m(a), 200 m(b), 300 m(c) and 400 m(d) showing the lateral variations of the resistivity at a 

depth of about 25 m(a), 50 m(b), 75 m(c) and 100 m(d). 
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bed rock ranged from 10 to100 ohm-m. Maximum values 
were recorded in the east. The bedrock was different, with 
lower apparent resistivity, in the north. 

Geoelectrical Pseudosections 

 The geoelectrical pseudosection reflects the apparent 
resistivity distribution versus electrode spacing values 
(AB/2). Generally, in the pseudosections of the study area, 
maximum apparent resistivity values appeared in the upper 
parts because of the dry alluvium. They decreased toward the 
middle parts because of the influence of an aquifer then in-
creased with depth because of resistant bed rock. The central 
parts of the pseudosections were lower than the flanks be-
cause of the influence of an aquifer and the coarse grain size 
dry alluvium along the flanks. In Fig. 4, the geoelectrical 
pseudosection of the profile Z is shown as an example. 

Geoelectric Sections  

 In order to have a good understanding of the subsurface 
geology of the study area geoelectric sections were drawn for 
each of the profiles. The geoelectric sections reveal the sub-

surface variation in electrical resistivity and attempts to cor-
relate the geoelectric sequence across the profiles. In this 
case study, the results of the quantitative interpretation of 
VES curves are presented as geoelectric sections with a true 
resistivity distribution, each having 4 interpretable geolelec-
tric layers along the profile (Fig. 5-7).  

 The near-surface layer had highly variable resistivity 
ranging from about 3 to 800 ohm-m. The difference in the 
resistivity values is due to the variation in grain size. Areas 
with high resistivity values indicated the presence of gravel 
and sand as top soil, while those with relatively low resistiv-
ity values indicate the presence of clay or intercalation of 
clay with sand. The thickness of the top soil layer varied. 
However it often was estimated at less than 15 meters. A 
second layer (dry alluvium) was thicker than the surface 
layer and its electrical resistivity was measured typically less 
than 100 ohm-m. The third geoelectric layer corresponds 
with a saturated layer, displaying resistivity values of less 
than 10 ohm-m and depth values of less than 30 meters. The 
depth of this layer was greater in both the northwest and 
southeast, and reached 60 meters with an electrical resistivity 
about 25 ohm-m. This layer was more fine-grained toward 

 

Fig. (4). Pseudosection of the profile Z. 

 

Fig. (5). Geoelectric section of profile Z. 

 

Fig. (6). Geoelectric section of profile H. 
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the center of the study area. In the center, it had the depth 
less than 25 meters and a resistivity less than10 ohm-m. The 
fourth layer was interpreted to be bedrock with low resistiv-
ity ranges. In most parts of the area, the resistivity was more 
than 60 ohm-m corresponding probably to a slate bedrock 
layer. Where the resistivity value was less than 60 ohm-m 
corresponding to a shale bedrock layer. The depth of bedrock 
layer increased toward the center of area. The maximum 
depth was located in the northwest of region. That was over 
100 meters. 

 Finally the aquifer boundary is determined from the  
result of quantitative interpretation of VES curves (Fig. 8).  

CONCLUSION 

 The isoapparent electric resistivity maps showed the ap-
parent resistivity values in the center, northern and north-
eastern parts of the study area were lower than elsewhere. 
High values of apparent resistivity dominated the western 
and eastern parts of the region due to coarse grain talus but 
in the center, they were lowest due to fine grain character of 
the alluvial. 

 Analysis of the geoelectrical pseudosections showed that 
resistivity values decreased toward the center of the study 

area due to the decreasing grain size. The eastern and west-
ern parts of the study area (flanks of the profiles) had high 
resistivity. The maximum resistivity values were observed in 
the surface, whereas minimum values were observed in the 
saturated zones. Values increased with depth due to presence 
of bedrock with high resistivity. Low resistivity anomalies 
were extended to the middle depths of the profiles due to 
influence of groundwater.  

 Four major geoelectric layers were identified from the 
results of qualitative and quantitative interpretation of 596 
VES curves in the Curin basin. The first layer was inter-
preted to be a near-surface layer (top soil) that had a highly 
variable resistivity ranging from about 3 ohm-m to 800 ohm-
m and a thickness of less than 15 meters. The second layer 
was a dry alluvium layer with a resistivity of less than 100 
ohm-m and a thickness of greater than the surface layer. The 
third geoelectric layer corresponded to a saturated layer and 
had a resistivity of less than 10 ohm-m with a depth of less 
than 30 meters in most parts of the area. The fourth layer 
was interpreted to be bedrock. This layer in most parts of the 
area was probably slate with a resistivity of more than 60 
ohm-m. Elsewhere it had a resistivity of less than 60 ohm-m 
corresponding to shale. 

 

Fig. (7). Geoelectric section of profile O. 
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Fig. (8). Aquifer boundary map. 
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 The boundary of aquifer was determined from quantita-
tive interpretation of the VES data. 
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