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Abstract

 A resistivity investigation was directed to assure aquifer properties besides delineation of  vulnerability 
in the Gujrat District and its surroundings areas of Punjab province, Pakistan using seventy-seven (77) 
Schlumberger array Vertical Electric Sounding (VES). The data was processed in IPI2WIN computer 
software for true resistivity and thickness of layers. The available borehole information demonstrates 
presence of best top clay, sandy clay, dry sandy soil and gravel. The prolific ground water zones (controlled by 
H-type resistivity curve) have been recognized in the north-eastern, southern and additionally western part of 
the study area. The thickness of aquifers fluctuates remarkably 20-210 m from place to place. The aquifer 
vulnerability map delineates the impermeability of overburden clay layer. Values < 0 mhos show poor to weak 
protective capacity zone with risk of defilements, while 0-5 mhos demonstrates good protective zones. The 
outcomes were additionally checked by anisotropy mapping and chemical investigation of well's water 
samples of the study area. The outcomes of anisotropy values show that Nither town and southern halves of 
the study area have a good protective capacity to infiltration while remaining area is vulnerable to infiltrating 
fluids. The water from this area is found polluted with chlorides, nitrates and sulphates salts.

Keywords: Groundwater potential, Anisotropy mapping, Vertical Electrical Sounding (VES), Vulnerability 
mapping, Chemical investigation.

1.  Introduction       
    
 The Potwar basin straddles District 
Gujrat, province of Punjab, Pakistan. The area 
possesses monotonous view in all directions. 
The native residents have confronted springs of 
resentments of water scarcity in the area. Thus, 
there is a need to disclose new ground water 
assets or to draw more ground water to the 
surface using systematic hydrological 
investigation in the region in order to provide 
freshwater to the local inhabitants. The 
geophysical techniques are effective for data 
acquisition of Quaternary deposits, while 
electric resistivity technique was regularly 
employed in the assurance of ground water 
potential, quality variety, isolation of 
subsurface strata and any susceptibility of 
aquifer to contaminants (Kenneth and Edirin, 
2012). Similarly, VES and imaging have 

portrayed ground water vulnerability (Ogunbe 
et al., 2012), hence perceptible for hydro-
geological analysis of Geological Formations 
(Kelly and Stanislav, 1993).

 The geophysical method for resistivity was 
used to determine apparent resistivity of rock and 
soil at profundity or at immediate location. The 
technique allow to construct an hydrogeological 
model of the investigated area (Awni, 2010; 
Bayewu et al., 2014). The electrodes are coerced 
in straight paths for different configurations 
(dipole-dipole, Schlumberger and Wenner 
pattern). The current is being governed by the 
apparent resistivity of rocks and soil. The 
apparent resistivity is computed by rationing the 
calculated resting potential with inserted current 
and multiplying geometric component peculiar 
to the pattern in use and electrode position 
(Stanley and Davis, 1996).
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 The electrodes spacing from any 
particular distance of fixation is equitably 
extended for inward penetrations (Adeoti et al., 
2012;  Gowd,  2004)  and res is t iv i ty ' s 
fluctuations with profundity are plotted on the 
converse and onward patterned computer 
software. The Vertical Electric Sounding (VES) 
technique was employed as it possesses 
common instruments, easy to operate in field 
and straight forward data examination (Zohdy 
et al., 1974; Stampolidis, et al., 2005; Soupios, 
et al., 2007; Kalisperi, et al., 2009). The 
procedure was already used to estimate 
perpendicular variation of electric resistivity 
(Anomohanran, 2013).  Moreover, the VES 
lacks any repetition and sparing of information 
(Madan et al., 2008; Ako and Olorunfemi, 
1989).  It is used in differentiating saturated 
layers from unsaturated. 

 The Schlumberger pattern possesses a 
considerable depth of penetration as compared 
to the Wenner arrangement. In resistivity 
technique, Wenner array is utilized for the 
s h a l l o w  d ep th ,  w h i l e  S ch lu mb e rg e r 
arrangement is utilized for deeper soundings 
(Olowofela et al., 2005). Geoelectric technique 
is frequently used for the demarcation of 
profundity, breadth and perimeters of aquifers 
(Omosuyi et al., 2007). The aquifer's resistivity 
and thickness are utilized for computation of 
transverse resistance and in compiling 
perpendicular conductance (Ekwe et al., 2010). 
It is likewise utilized as a part of assurance of 
groundwater probability (Oseji et al., 2005), 
investigation of geothermal reservoirs and 
estimation of hydraulic potential of ground 
water (El-Qady, 2006). Vanderborght et al., 
(2005) and Kemna et al., (2002) employed   
i n v e r s e  c o n d u c t i v i t y  m o d e l l i n g  f o r 
demarcation of solute plumes. Conductivity 2D 
converse modelling was executed for the 
investigation of solute plumes. The resistivity 
technique was employed for determination of 
groundwater potential and contamination 
assessment (Niaz et al., 2017; Niaz et al 2013). 
The conjugate techniques resistivity and 
petrographic analysis were also found 
promising in groundwater profile identification 
(Niaz et al., 2018). Nisar et al., (2018), 
delineated Ground water occurrence in relation 
w i t h  q u a t e r n a r y  p a l e o - d e p o s i t i o n a l 
environments. 

The present study aims at determining the 
groundwater potential zones and vulnerability 
risk assessment in the area using geoelectric 
and chemical analysis methods in Gujrat 
district and its surroundings areas.

2.   Geological frame work of the area

 S tudy  a rea  forms  broad ,  ac t ive , 
sedimentary basin known as Potwar basin and 
exists in Punjab province of Pakistan. The area 
comprises Himalayan molasse sediments and 
includes inundated stream and flood plain 
deposits, terrigenous sedimentary rocks and 
older terrace sediments. These deposits form 
clay, sandy clay, dry sandy soil, gravels and 
boulders (Fig. 1; Shah, 1977 and Shah, 2009). 
The molasse deposits comprises of two main 
groups, Rawalpindi group and Siwalik group of 
rocks. The Rawalpindi group (Miocene age) is 
further categorized in Murree Formation and 
Kamlial Formation. The Murree Formation 
consist of cyclic deposition of clay and 
sandstone whereas, Kamlial Formation 
dominantly consist of sandstone. The Siwalik 
group (Pleistocene age) of rocks comprises of 
four formations namely Chinji Formation, (70 
% clays and 30 percent friable sandstone), 
Nagri formation (30 % clay and 70 % 
sandstone), Dhok Pathan Formation (50 % clay 
and 50 % sandstone) and Soan Formation 
(recent deposits and conglomerate) (Shah, 
2009). The litho-logs of drilled wells in this area 
computed with interpreted model and calibrate 
the obtained results. The recent alluvium 
deposits are also present as top cover. These 
deposits comprises of patches clay, sand, silt, 
gravels and boulders.

2.1. Hydrogeological setting of the study area

 The research area includes the terrigenous 
sedimentary rocks of stream deposits, flood 
plain deposits, detrital sedimentary rocks and 
Siwalik group of rocks. These sediments co-
exist in different proportions and alternate from 
sandy clay to clayey sand. The sand, gravel and 
their admixtures serve as water bearing strata, 
hence, relatively enduring in terms of water 
production. The Siwalik Group of rock 
formation is also present in this area. The 
sandstone of these formation is soft in nature 
and suitable for water storing whereas, clays act
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Fig. 1. Geological and location map of study area.

Table 1: Modified longitudinal conductance/protective capacity rating 
              (Henriet, 1976).

as a barriers for groundwater storage in the 
subsurface. Most of the aquifers in this region 
are confined however some places are 
characterized by unconfined aquifers with 
gravels and boulders at the top. Moreover, the 
aquifers are recharged by the effective 
infiltrations and seasonal tributaries draining 
the area. The yearly rainfall of around 1033 mm 
(climate-data.org) has been recorded in the 
area. The Jhelum River is also running in north 

western part of the area. Some canals from 
Jhelum river are also flowing in the area. The 
river, canals and seasonal drainage are the main 
source of recharging subsurface aquifers. The 
heat of the sun lingers at evening time during 
summer. The water table in the area is 
f luctuat ing depending upon seasonal 
recharging.
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3.  Materials and methods 

 The Schlumberger configuration was 
used in systematic hydrologic investigation in 
pursuit of ground water. For this purpose, 77 
VES field stations were examined using the 
ABEM Terrameter SAS 4000 instrument 
(Sweden) and embellishments, such as 
hammer, stain less electrode and 30 meter tape 
to stimulate the localities for resistivity with 
depth in response to the electric field induced in 
the ground. The aquifer properties and 
susceptibility of aquifers to contaminants were 
analyzed by VES techniques upto 350 m 
spacing. The 4 electrodes (2 current +2 
potential) were immersed in the ground. The 
current was introduced in current electrodes by 
means of cables and the resulting potential 
difference was measured with the assistance of 
potential electrodes. In Schlumberger 
arrangement, the spacing of electrodes from 
any particular distance of fixation was 
symmetrically increased for subsurface 
investigations with depth. The Geoelectric 
information was accessed upto 350 m spacing 
inside the Gujrat District (Fig. 1).

 The acquired geo-electrical information 
were submitted to the iteration software 
IPI2WIN in order to inspect the information 
from 1D geo-electric measurements on solitary 
piece, automatically or semi-consequently and 
to get very precise results for extent, resistivity 
and profundity of underground stratum (Sultan 
et al., 2009).  

 The geo-electrical variables, such as, 
transverse resistance, conductance and 
anisotropy were figured out in a similar manner. 
Draft data were analyzed for the qualitative 
investigation of subsurface layers. In curve 
matching technique, the electrode spacing and 
apparent resistivity were plotted to accomplish 
the curve while the field curves were compared 
with master curves to acquire the results. So, the 
Geoelectric parameters were studied and 
qualitative observations of subsurface layer 
based on curve shapes were attained in curve 
matching technique. Earth can be divided into 
H, K, A and Q type of curves on the premise of 
shape. The underground layers are distributed 
as follows: H type, ρ1 > ρ2 < ρ3; K type: ρ1 < ρ2 
> ρ3; A type: ρ1 < ρ2 < ρ3; Q type: ρ1 > ρ2 > ρ3; 

KA, HQ type etc, thus demarcating the 
tetralogy of curves. Here ρ indicates the true 
resistivity of the layer.

 The IPI2WIN software was used in the 
formulation of earth's resistivity model and 
computer software (surfer) was used in contour 
mapping. The values have been displayed at 2D 
contour maps. The iso-resistivity mapping was 
accomplished using Arc GIS 10.1 and Surfer 
version 9. Similarly the Rockworks version 
2005 was used in modelling, interpreting the 
gauging the thickness of subsurface stratum.

4.  Results and discussion

4.1. Data interpretation

  The quantitative interpretation of smooth 
curves (deduced through the set of data points) 
was made in curve matching technique (Fig. 2). 
Layer resistivity was calculated and the 
thickness was gauged from VES 1to VES 77 
(Table 2). The resistivity data interpretation has 
unveiled three to six layers at subsurface (Fig. 
3). These layers form the lithological model 
which is the assemblages of clay, boulder clay, 
sandy clay, dry sandy soil, sand and gravels 
(Table, 2). The resistivity values falling in the 
range of 3005-5779 Ohm-m (Ω  m) in some 
locations indicate the presence of a sandstone 
bedrock. In addition, the low resistivity in the 
third and fourth layer has figured out ground 
water accumulation in the area. Moreover, the 
thickness of 20-270 m has been paced out for 
aquifers and the thickness exceeds in the 
Northeastern and Southwestern halves. 
Furthermore, the lithological model portrays 
subsurface geology through varying profiles 
(Fig. 4). However, the resistivity model of the 
study area has very close correspondence with 
the borehole data of well no 02, 05 and 07 (Fig. 
5).

4.2. Apparent resistivity

 The iso-resistivity maps were compiled at 
different depths to delineate areas with variable 
ground water quality (Arulprakasam et al., 
2014; Pal and Majumdar, 2001). The apparent 
resistivity values is in the range between 5-145 
Ω m at 100 m, 200 m and 300 m depths and are 
illustrated on the respective contour maps
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Table 2. Interpreted resistivity and subsurface geology of area

(Figs. 6a, 6b and 6c). In the map of 100 m 
electrode spacing (Fig. 6a) the highest 
resistivity (120 ohm-m) is observed in the 
north-east part of the area (Jalalpur Sobtian). 
The rest of the area is characterized by low 
values (30-55 ohm-m) of apparent resistivity 
pointing towards the groundwater potential in 
the area. In the map of 200 m and 300 m 

electrode spacing (Figs. 6b &6c) it was 
observed that the resistivity values generally 
decreased with increase in depth. The highest 
resistivity values (85 ohm-m) are observed in 
the Gujrat and surrounding area. The rest of the 
areas have low (35 ohm-m) resistivity values 
and demarcating good groundwater potential at 
these depths.
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Fig. 2. Typical four layered VES curves.

Fig. 3. Geological model computed on the basis of resistivity data of Gujrat.
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Fig. 4. Lithological fence diagram of Gujrat.

Fig. 5. Correlation of resistivity model and borehole data of Gujrat.
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Fig. 6 (a). Apparent resistivity contour map of Gujrat at 100 m spacing.

Fig. 6 (b). Apparent resistivity contour map of Gujrat at 200 m spacing.
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Fig. 6 (c). Apparent resistivity contour map of Gujrat at 300 m spacing.

4.3. Longitudinal conductance

 Longitudinal conductance refers to the 
transmission of current in the bedding plane 
direction through a 1m column. It is represented 
by the letter S (in Ω) (Nwanko et al., 2011; 
Parasnis 1979). 

 Where, h indicates the layer thickness, ρ 
denotes the layer resistivity while the 
prodigious S values commonly represent the 
thick successions and are known for giant 
primacy in evaluating  subsurface water 
potential (Slater, 2007). 

 Total longitudinal conductance contour 
map is displayed in Figure 7. The conductance 
values fall between 0 to 22 Siemen. The values 
are high in northwestern (Fatehpur area) and 
central part (Lalamusa & Dhakkar area) of the 
study area. The vulnerability map compiled by 
the unit longitudinal conductance exhibits the 
distributive trend of overburden protection of 
the aquifers in the project region (Fig. 7).

 Based on this rating the study area has been 
grouped in terms of protective capacity zones 
(Table 1). The aquifer vulnerability map 
delineates the impermeability of overburden 
clay layer. Values < 0 mhos show poor to weak 
protective capacity zone with risk of 
defilements, while  0-5 mhos demonstrates 
good protective zones. 

4.4. Transverse resistance

 The longitudinal conductance determines 
the characteristics of conducting layers as 
compared to the transverse resistance showing 
the characteristics of resistive layers (Yungul, 
1996). It is defined in terms of total resistance 
numerated through l m column orthogonal to 
plane. It is symbolized by T (in Ω  m−1) 
(Nwanko et al., 2011; Parasnis 1979):



122

Fig. 7. Longitudinal conductance map of Gujrat.

Where h and ρ indicates thickness and true 
resistivity respectively and N indicates the 
quota of layers in the portion. T forms direct 
relationship to the transmissivity and 
p r o d i g i o u s  T  v a l u e s  n a r r a t e  h i g h e r 
transmissivity values of aquifer respectively.
Most part of the study area has low resistivity 

values of 100-150 ohm m (Fig. 8) having 
groundwater potential. These values are 
compatible with the presence of ground water 
in the area. The two closures with high 
resistivity in Kharian and Nither area have been 
identified. Hence this area is devoid of ground 
water potential.

Fig. 8. Longitudinal resistivity map of Gujrat area.
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Fig. 9. Transverse resistance map of Gujrat area.

 The Figure 9 most parts with low 
resistivity values (0-150 ohm m) and indicates 
ground water assemblage in the area. The 
southeastern part and Nither area have closures 
with high resistivity indicate least potential or 
absence of potential of ground water.

 The Figure 10 illustrates the coefficient of 
anisotropy (). The value fluctuates in the range 
of 0 to 5. The Nither area and southeastern half 
of the area is known for high values as 
compared to the remaining halves with low co-
efficient of anisotropy. The low anisotropy and 

high isotropy in the most part of the study area 
indicates weak protection against pollution and 
shows  a  h igh  suscep t ib i l i t y  fo r  t he 
contaminants. The ground water may be 
contaminated by polluted fluids leached in this 
area from dump sites as well as from sewage 
lines. The south-eastern and Nither area is 
characterized by “Good” protective area for 
infiltration of fluids. The chemical analysis 
results also delineated good quality drinking 
water in the wells number 01, 07 & 03 from this 
area.  

Fig. 10. Anisotropy map of Gujrat area.
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4.5. Chemical analysis 
 
 To carryout chemical analysis the water 
was sampled from eight different wells in the 
research area (Fig. 1). Monographic studies 
have been numerated under table 3. The results 
indicate that the hardness of water is high as 
compared to World Health Organization WHO 
limit (500 mg/L) in sample number 2, 4, 5 and 6 
are 562, 670, 534 and 598 mg/L respectively. 
The nitrates concentration (14 mg/L) is also 
found high in sample number 1 and 3 than 
WHO limit (10 mg/L). The sample number 5 

(425 mg/L) and 6 (488 mg/L) are found 
concentrated with chloride salts than WHO 
limit (250 mg/L). The potassium concentration 
is also higher than WHO limit in sample 4 (1 
mg/L), 5 (1.5 mg/L), 6(1.4 mg/L) and 7 (1.3 
mg/L) than WHO defined limit (0.4 mg/L). The 
water in this portion of the area from wells (02, 
04, 05 & 06) is found unsafe for drinking. The 
Total Dissolved Salts (TDS values were 
observed less than 1000 mg/L WHO limit in 
most of samples. 

Table 3. Results of chemical analysis of water samples from Gujrat.

NGVS: no Guideline value set, WHO: World Health Organization, PSQSA: Pakistan standard 
quality control authority, BDL: Below detection limit, ppm: Parts per million
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Fig. 11. Aquifer thickness Gujrat area.

4.6. Aquifer unit(s) thickness map

 The aquifer thickness map in a phase of  
conation is peculiar to geological formations in 
compiling entire area as one of the good, 
moderate and poor potential zones of 
subsurface water and symbolic of the estimated 
volume of water at every VES station akin to 

the respective aquifer thickness. The aquifer 
thickness map of the project area is shown in 
Figure 11. The thickness of about 20-210 m for 
aquifers was gauged in the study area. The area 
straddles moderate to good ground water 
potential zones. The peak in the Figure 12 is 
harbinger of good subsurface water potential.  

Fig. 12. 3D map of aquifer thickness Gujrat.
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4. Conclusion

 The present study delineates thickness and 
lithologies of subsurface layers by using 
geoelectric method. The presence of potential 
ground water regions are marked on the basis of 
geo-electrical data and are represented mostly 
by H type curves. The southern, northeastern 
and western part of the study area is 
characterized by good productive ground water 
zones. The third and fourth layers indicate the 
presence of water bearing strata with low 
resistivity values. The VES at points 1, 31, 32, 
33 and 52 indicate fifth layer of compact 
sandstone with resistivity values range between 
3005 to 5779 ohm-m. The comparison between 
borehole stratigraphy data and the geophysical 
investigations confirms the presence of 
sandstone. The study allowed to understand that 
future wells need to be drilled within third and 
fourth water bearing layer detected in different 
regions. The existence of broad aquiferous 
region (20-210m) assures the area of good 
drinking water resources. The aquifer 
vulnerability map delineates the impermeability 
of overburden clay layer. Values < 0 mhos show 
poor to weak protective capacity zone with risk 
of defilements, while  0-5 mhos demonstrates 
good protective zones. The outcomes were 
additionally checked by anisotropy mapping 
and chemical investigation of water samples of 
the study area. The outcomes of anisotropy 
values show that Nither area and southern halves 
of the area is characterized by good protective 
for fluid infiltration while remaining area is 
vulnerable for infiltrating fluids. The water from 
this area is found polluted with chlorides, 
nitrates and sulphates salts.
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