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Abstract 

The geo-electrical and Geographic Information System (GIS) techniques have been employed for 

modeling surface and groundwater bodies of the Kotli city and its surrounding areas in the District 

Kotli, Azad Jammu and Kashmir, Pakistan. The Landsat 8 imagery is used for modeling the surface 

water and Vertical Electrical Sounding (VES) method is applied for the delineation of subsurface 

lithology in the study area. A total number of 21 VES points have been collected by using 

Schlumberger configuration. The VES data was collected using ABEM Terrameter SAS 4000. The 

acquired data have been processed by using IPI2WIN (2008) software and the interpretation was 

carried out in terms of true resistivity and thickness of different layers of sedimentary strata. The 

groundwater potential zones (good and moderate) have been identified in the area. The thickness of 

aquifer varies from 20 m to 129 m. Most of aquifers are confined and of “A” (ρ1 < ρ2 < ρ3), “K” (ρ1 < 

ρ2 > ρ3) and “H” type (ρ1 > ρ2 < ρ3). The VES 1, 2, 10, 11, 12, 20 and 21 south western part of the 

study area  showed poor to weak overburden protective capacity of the aquifers, hence are vulnerable 

to infiltrating fluids from storage facility or dumps. 

Key Words: Vertical Electrical Sounding, Geographic Information System, Environment for 

Visualizing Image, Digital Elevation Model 

1. Introduction

The water scarcity is the major problem in 

most of the areas of Pakistan. With growing 

population, the demands of water supply has 

increased many folds. The study was conducted in 

the Kotli city area of District Kotli Azad Jammu & 

Kashmir, Pakistan. The area is moderately 

populated and most of its population depends upon 

the groundwater for irrigation and domestic use. 

The peoples are involved in blind drilling of water 

wells and investing huge money and time. Most of 

well failed due to lack of scientific study [1], [2]. 

The integrated electrical resistivity method and 

Geographic Information System (GIS) have been 

used for delineation of aquifers and selection of 

appropriate sites for installation of tube wells. In 

addition, it is cost effective approach for the 

evaluation of subsurface geological structure of 

the area [3], [4]. The GIS tool provides the 

suitable management of complex data [5]. Rapid 

analysis of the spatial data and different layers 

integration is possible in GIS software. The GIS 

tool is used to develop numerical modeling of 

groundwater, presentation and integration of the 

image processing and modeling results [6]. 

The VES technique was chosen in the 

selected area using Schlumberger configuration as 

the geoelectrical technique is used for delineation 

of thickness, boundary and depth of an aquifer [7], 

[8], in delineation of aquifer potential by using 

Rockworks software [9], investigation of 

geothermal reservoirs [10] and hydraulic 

conductivity assessment of aquifer. Vertical 

alterations of the resistivity of the subsurface 

layers are measured by VES. This technique has 

been proven to a greater extent for 

hydrogeological investigation of sedimentary 

basin [11], [12]. 

Geophysics, particularly vertical electrical 

soundings techniques have been commonly used 

for a wide range of geotechnical and groundwater 

problems [13], [14], [15], [16]. Besides, it can 

likewise be utilized either as a part of the type of 

vertical electrical soundings (VES's) or even 

profiling to look for groundwater in both 

permeable and fissured media channels [17],[18], 

[19]. 

At present, community of Sehnsa and 

adjoining areas use the bore water although 

Government has also inaugurated various projects 

to consummate the need of the community [20]. 

These projects do not achieve the increasing 
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requirement of growing population. Consequently, 

this research work contributed to know the 

hydrological characteristics of the area, 

documentation of aquifer type, the analysis of 

depositional model of the study area, locating and 

reporting of fresh water supply. 

1.1 Location of Study Area 

The study area comprises of Kotli city and 

its adjoining areas which are situated in District 

Kotli, Azad Jammu and Kashmir, Pakistan. The 

area lies between latitude 33°30'7.80" N to 

33°29'38.16" N and longitude 73°52'54.60" E to 

73°55'48.66" E in the Kotli city (Fig.1). The 

integrated study techniques have been used for 

identification of surface and groundwater 

resources in the area. 

1.2 Geological setting of the study 
area 

Geologically, the study area is located in 

Kashmir Basin. The area under investigation 

basically lies in the Sub-Himalayas tectonically 

and generally comprises of mainly molasse 

deposits named as Siwaliks. The study area 

comprises of the Rawalpindi Group of rocks. The 

stratigraphic formations which are exposed in the 

study area Middle to Early Miocene Kamlial 

Formation, Early Miocene Murree Formation and 

Recent Quaternary Alluvium (Fig. 1) [21]. 

Fig. 1: Regional geological and location map of the area, compiled after GSP, 2000 
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The Murree Formation is composed of 

monotonous sequence of purple clay, dark red and 

purple grey, greenish grey sandstone with 

subordinate intraformational conglomerate. The 

Murree Formation also consist of cyclic deposition 

of sandstone and Clay. This sequence is very 

important for groundwater development in the 

area and form confine type aquifer. The formation 

is well exposed on north-eastern part of the study 

area. The Kamlial Formation is composed 

dominantly of sandstone, siltstone, shale and 

mudstone. The sandstone is hard and compact. 

The formation is widely exposed in the north-

western part of the study area [21]. The surficial 

deposits are mainly river deposits comprises of 

gravels, boulders, intercalation of sand and clay. 

The wind-brown sand, alluvial fans, recent flood 

plain deposits, lacustrine deposits are also present 

in the area. 

1.3 Hydrogeology of the area 

The study area under observation 

dominantly comprises of clastic sedimentary rocks 

with clay, gravel and sand deposits. The water 

bearing strata consists of sand and gravel, boulder 

clay and sandy clay.  The rainfall, nalas and 

seasonal tributaries are the major sources of 

recharge for aquifers in this area. The public 

health department drilled some wells in the area 

which are the limited source of water supply in the 

area. There is no significant previous studies 

related to hydrogeology of the area were found in 

this area. The river Poonch is also acting as the 

recharging agent for groundwater in the area. 1300 

mm per year rainfall is recorded in the area. 

2. Materials and Methods 

The Terrameter SAS 4000 (Sweden) ABEM 

instrument with its accessories (including 

hammers, stainless electrodes, cables and 

measuring tape) was utilized for data acquisition 

in the area. 

The 21 VES points were acquired by 

applying Schlumberger configuration with 

maximum electrode separation (AB/2) of 250 m 

(Fig. 1). In this configuration, the distance was 

symmetrically increased between electrodes for 

subsurface depth coverage. 

The generated potential difference after 

applying current was measured with the help pair 

of electrode (potential electrode). The data was 

acquired in April 2017. The IPI2WIN (2008) 

iteration software was employed for processing 

the acquired data. The software automatically 

analyses the data from 1D geoelectric 

measurements at a single point with the smallest 

error to determine the true resistivity, depth and  

thickness of the subsurface geoelectric layers 

(IPI2WIN computer program 2000) [22], [23]. 

The Dar-Zarrouk parameters such as conductance, 

anisotropy, transverse resistance have been 

calculated. The land cover map was derived from 

Landsat 8 imagery by using Exelis ENVI (5.3) and 

Arc GIS (10.1) software. Qualitative interpretation 

have been done by using the field curve shape. 

The field curve was obtained by the plot of 

apparent resistivity with electrode spacing (Fig. 2) 

and master curves was employed for interpretation 

of the curves. The shapes of the curve revealed Q, 

A, H and K type curves. The subsurface layers 

distribution is as follows: Q type: ρ1 > ρ2 > ρ3, K 

type, ρ1 < ρ2 > ρ3; A type: ρ1 < ρ2 < ρ3 and H 

type, ρ1 > ρ2 < ρ3 demarcated the four layer 

curves, where ρ indicate the true resistivity of the 

layer (Fig. 2). The iso-resistivity maps at different 

depths were made using Arc GIS (10.1) and 

Golden Software Surfer (11). with Arc GIS (10.1) 

and the Digital Elevation Model (DEM). 

The 3D lithological fence diagrams and 

lithological models were made with the help of 

Rockworks (17) software. Finally, the topographic 

and drainage map of the study have been prepared. 

3. Results 

The IPI2WIN (2008) was used to iterate 

curves for each VES station. The smooth curves 

taken through the set of data points were 

interpreted quantitatively by the method of partial 

curve matching. 

The analysis of data further reveals the 

typical three-layer VES curves. The thickness and 

resistivity of different layers were calculated at 

every VES point (Table 1) which indicates the 

presence of three to four geoelectrical layers in the 

subsurface. The geological layers consist of 

boulder clay, boulder and gravel, clay, dry sandy 

soil, gravel and sandstone of recent alluvium 

deposits (Table 1). 

The higher resistivity range (15.65 to 29447 

Ωm) at different locations in the second and third 

layers have been interpreted as a sandstone. There 

is evidence of groundwater potential in the second 

and third layers. Aquifer thickness map shows 

(Fig.11) that the aquifer thickness is high in the 

south-eastern parts of the study area that assures 

the adequate water potential. The known 

geological information on the surface lies closely 

to the bore hole data and computed geological 

model by Rockworks (17). The drainage pattern 
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has been constructed using DEM image on GIS. The area comprises of dendritic drainage pattern. 

  

  

  

  
Fig. 2: The typical three-layered VES, 2,3,4,5,9,10 curves of the study area 
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4. Discussion 

4.1 Data Interpretation 

The resistivity data have been interpreted 

quantitatively as well as qualitatively. 

4.2 Qualitative Interpretation 

4.2.1  Apparent resistivity 

The variations of apparent resistivity with 

depth is an important factor for indication of 

groundwater. The iso-resistivity mapping is 

helpful in delineating areas with variable 

groundwater quality [24], [25]. The apparent 

resistivity values at 30, 60 and 90 m depth ranges 

from 1.2277 to 825.44 Ωm. A comparison of these 

maps is shown in the Fig. 3. 

Table 2: Modified longitudinal conductance/ 

protective capacity rating [30] 

The northwestern and southern parts of the 

map are characterized by highest apparent 

resistivity values. The low apparent resistivity 

values in the central part of study area are due to 

the presence of fresh water in the near surface 

strata. 

4.3 Quantitative Interpretation 

4.3.1  Longitudinal conductance 

 The conductance along the bedding plane 

direction through 1 m column is called 

longitudinal conductance. It is symbolized by S (in 

Ω) [26], [27] The Ohm’s Law defines the current 

flow whereas by Darcy’s Law groundwater flow is 

controlled and a both hydraulic and electric 

parameters relationship is widely accepted [28]. 

S=h1/ρ1=h2/ρ2 


=

=
n

hS
11

/   (1) 

Where “ρ” designates the resistivity of the 

layer and “h” is the thickness of the layer. The 
thick succession generally indicated by higher “S” 

values should given a great importance in 

groundwater evaluation. Fig. 4 illustrates the total 

longitudinal conductance map of study area. The 

conductance values ranges between 0 to 1800 

Siemen. The values of conductance increases 

towards the central part of the project area. Since, 

the resistivity naturally decreases and conductance 

increases indicating towards the potential 

groundwater aquifers [29]. 

The overburden protective capability of an 

aquifer is directly proportional to its hydraulic 

conductivity. Thick clayey content which 

obstructs fluid movement is distinguished by low 

hydraulic conductivities, low resistivities and low 

unit longitudinal conductance [30]. The ratings of 

protective capacity are presented in Table 2. The 

clay overburden unit longitudinal conductance 

have been evaluated using these values (Table 2). 

Fig. 5 shows the unit longitudinal 

conductance map of the study area. The 

interpretation of aquifer vulnerability shows that 

the protective capacity ratings at VES 1, 2, 10, 11, 

12, 20 and 21 are poor, which shows that these 

regions are categorized by thin or no shale layers. 

It therefore implies that the aquifer in these sites 

are vulnerable to contamination. Similarly, the 

protective capacity at VES 3 is weak, at 3 and 18 

are moderate, at 2 is good and excellent at 8, 15 

and 19 respectively. It implies that the 

vulnerability risk is low at these locations. It has 

been proved that at least 10 m thick layer of shale 

is necessary to ensure good protective capacity for 

groundwater [31].   

4.3.2  Transverse resistance 

 The properties resistive and conducting 

layers are delineated by transverse resistance and 

longitudinal conductance respectively [28]. This is 

the total resistance through a l m column cut 

perpendicular to the plane. It is denoted by T (in 

Ωm−1) [26], [27]: 

T= hρ +hρ +..........hp 


=

=
N

hiT
11

           


=

=
N

TiT
11

  (2) 

Where “ρ” and “h” are true resistive and 

thickness respectively and “N” is the number of 

layers in the section. T indicates the transmissivity 

and higher T values are directly proportional to the 

aquifer transmissivity (Fig. 6). The maximum 

values of transverse resistance indicating the low 

Longitudinal 

Conductance (mhos) 

Protective Capacity 

Rating 

> 10 Excellent 

5 – 10 Very Good 

0.7 – 4.9  Good 

0.2 – 0.69 Moderate 

0.1 – 0.19 Weak 

< 0.1 Poor 
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groundwater potential zone. Conductance 

naturally increases, indicating the potential 

groundwater aquifers [29], [32]. 

  

A B 

C 

Fig. 3: Comparison of iso-resistivity maps at different electrode spacings. A. Apparent resistivity 

map at 30 m electrode spacing. B. Apparent resistivity map at 60 m electrode spacing. C. 

Apparent resistivity map at 90 m electrode spacing  

 

Fig. 4: Total longitudinal conductance map of the study area 
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“LC81490372016259LGN00” was acquired 

from USGS Earth Explorer.  

 

 

 

 

 

 

 

 

 

Fig. 5: Unit longitudinal conductance map of the study area 

 

Fig. 6: Transverse resistance map of the study area 
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4.3.3 Land cover maps of the study 
area 

Landsat 8 imagery of 15th Sept. 2016, 

Latitude 33.17677⁰ N and Longitude 74.43642⁰ E, 

Satellite Path: 149, Satellite Row: 37 with cloud 

cover of 3.14 % and Scene ID 

“LC81490372016259LGN00” was acquired from 

USGS Earth Explorer. 

This image has 30 m resolution and was 

used for land cover extraction. Different types of 

corrections i.e., Geometric and Radiometric 

Corrections were performed on Landsat 8 imagery 

in ENVI (5.3). This imagery was further enhanced 

by using Calibration and DOS (Dark Object 

Subtraction) tools. The land cover map was 

prepared at the end with 5 classes (Fig. 7). This 

map clearly indicates the surface distribution of 

water bodies in the study area (Fig. 8). 

  The interpreted lithological model of the 

study area is shown in Fig. 9. Similarly, the 

lithology fence diagram also reflects the 3D image 

of subsurface geology as shown in the Fig.10 [9].

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7: Chart showing the distribution of land cover map 

Fig. 8: Land cover map with rectangle showing the study area 
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Fig. 10: Lithology fence diagram of study area 

 

Fig. 9: Interpreted subsurface model of study area  
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The lithological model comprises the 

sandstone layer in the northeastern portion of the 

study area. The unconfined aquifers with top 

layers of sandstone, sand and gravels are identified 

in the south-western part of study area. The water 

bearing strata is sand and gravel, boulder clay and 

sandy clay.  

4.3.4 Lithology Models of the study 
area 

The interpreted model based on the 

resistivity data revealed that the study area 

underlies three to four layers in the subsurface. 

These layers are boulder clay, boulder and gravel, 

clay, dry sandy soil, gravel and sandstone. 

Aquifers are confined and unconfined in the study 

area but majority of aquifers are confined. 

Compact sandstone is also demarcated in the 

various parts of study area with low groundwater 

potential. The surface geological and hydrological 

information acquired by GIS lies closely to the 

bore hole data and computed geological model by 

Rockworks (17) based on the resistivity data. The 

21 VES points were used for development of 

model and two wells data have been used for 

validating model. The lower values of resistivity 

are observed in the area of surface running water 

bodies due to recharging. 

4.3.5 Aquifer thickness map 

 The aquifer thickness map of the project 

area is shown in Fig.11. Aquifer thickness map 

have been used for delineation of groundwater 

potential zones as the volume of water is directly 

related to the function of aquifer thickness. The 

red color on the map with high aquifer thickness 

represents good groundwater potential in the study 

area.  The water bearing zones are categorized as 

good to moderate groundwater potential zones. 

The zone of good groundwater potential occurs at 

south-eastern periphery of the study area.  The 

remaining parts of the study area were delineated 

as a moderate ground water potential zone. 

4.3.6 Pseudo Section with Resistivity 
Section 

The pseudo section plot acquired by contouring 

the field apparent resistivity data is an 

advantageous intends to present the data. The 

pseudo section gives an extremely surmised photo 

of the true subsurface resistivity appropriation. 

Thus, the pseudo section gives a mutilated photo 

of the subsurface on the grounds that the state of 

the shapes relies upon the kind of array utilized 

and in addition the true subsurface resistivity. The 

deliberated apparent resistivity values presentation 

in pictorial form can be made with the help of 

pseudo section and also helpful in further 

quantitative elucidation of an underlying strata. 

One basic slip-up made is to attempt to utilize the 

pseudo segment as a final photo of the true 

subsurface resistivity [33],[34]. The Figs 12-15 

show the resistivity cross sections of the VES 1-21 

groundwater potential zone and all the VES stations 

are multilayered geoelectrical stations. The 
minimum and maximum numbers of layers are 3 

to 4. 

Fig. 11: Aquifer thickness map of the study area 
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Fig. 13: Pseudo section and resistivity section of VES 6-10 

 

Fig. 14: Pseudo section and resistivity section of VES 11-15 

 

Fig. 12: Pseudo section and resistivity section of VES 1-5 
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Based on geological, hydrogeological and 

geoelectrical investigations, the entire profiles are 

underlain by the layers of boulder clay, boulder 

and gravel, clay, dry sandy soil, gravel and 

sandstone. The blue color is interpreted as the 

layer of clay and the yellow color is interpreted as 

layer of boulder clay with resistivities ranging 

from 16.99 Ωm-35.8 Ωm, respectively. 

   Similarly, the red color is interpreted as 

mainly the layer of weathered or fractured 

sandstone having resistivity ranging from 302 

Ωm-29447 Ωm and orange color is interpreted as 

the compact sandstone/consolidated shale having 

resistivity values greater than 5000 Ωm 

respectively. 

5. Conclusions 

Vertical electrical sounding and GIS have 

been used for the identification of scarce 

groundwater resources. The conjugate techniques 

have been found fruitful in relating surface and 

subsurface water bodies. The study has revealed 

that the area is underlain by 3 to 4 geoelectric 

layers. The potential water bearing zones have 

been categorized into good and moderate 

groundwater potential zones. The aquifers in the 

area are mainly recharged by leakage of the 

surface waters and their thicknesses varies 

between 20 to 129 meters. It is recommended that 

boreholes for groundwater exploration should be 

drilled in the 2nd and 3rd layers. The overburden 

protective capacity of the aquifers are rated as 

poor to weak in the vicinity of VES 1, 2, 10, 11, 

12, 20 and 21 south western part of the study area. 

The aquifers of these areas are highly vulnerable 

(due to high permeability of boulder clay) to the 

infiltration of leachate from leakage of any buried 

storage facility or dumps.  
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