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Based on the interpreted results of Vertical Electrical Sounding three to five subsurface geoelectrical layers have been 

delineated. Various thematic maps such as iso-resistivity contour of different layers, iso-apparent resistivity contour maps, 

transverse resistance, longitudinal conductance and anisotropy contours have been prepared. In addition, using geoelectrical 

imaging technique, geoelectric pseudo sections and geoelectric resistivity sections along different directions have been prepared. 

The disposition and vertical extensions of formations have been deciphered encountered through this technique. The results of 

studies arrived at by geoelectrical imaging technique are correlated with the drilling data and a good match of interpreted VES 

data with the borehole litho log and electrical log.  
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Introduction 

There is an ever-increasing demand for 

fresh water resources to meet the requirements for 

Industrial, Agricultural and domestic sectors. The 

over– exploitation of groundwater resources and 

its contamination have put a several stress on the 

available ground water resources in the country. 

In many parts of the country, ground water 

development has already reached a critical stage, 

resulting in acute scarcity of the resource. Over-

exploitation of the ground water resources results 

in declining ground water levels, shortage in 

water supply, the intrusion of saline water in 

coastal areas and increased pumping lifts 

necessitating deepening of ground water 

abstraction structures
1
. Geophysical surveys have 

found enormous applications in hydrogeological 

studies.  Resistivity methods are employed 

successfully to estimate the thickness of the rock 

formation and also the electrical nature of the 

formation which provides useful information 

regarding the ground water potential
2
. In the 

present study an attempt has been made to 

identify the subsurface geological formations and  

 

 

 

ground water potential zones for better ground 

water management planning for over exploited in 

the area. Geoelectrical techniques have also been 

successfully applied for deciphering the 

characteristics of substrata by many workers. An 

attempt has been made to decipher the aquifer 

 

 

Fig. 1: Location Map 

boundary and variation in substrataby utilizing 
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geoelectrical-imaging techniques in Costal blocks 

of Thiruvallur district, Tamil Nadu. 

The study area, coastal blocks of 

Thiruvallur district is situated in northern part of 

Tamil Nadu with an aerial extend of 1402.79 

Sq.kms (Fig.1). The eastern part of the study area 

bordered by Bay of Bengal. This area has general 

slope from west to east direction having drainage 

pattern in dendritic pattern. All the rivers are 

ephemeral in nature and carry substantial flows 

during monsoon period. 

 

The main geological formations seen in 

the coast are upper Gondwana consists of Coastal 

alluvium, sand and silts, sandstone, clay and 

Conglomerate occur in central part of the study 

area.  Geomorphologic features present in the 

study area are alluvial plain, Coastal Plain, 

Denudation hills, Pediment, Flood Plain and 

sedimentary high ground etc., which are the good 

sources for yield of groundwater accumulation. 

Groundwater occurs mostly in the hard rock and 

in the alluvium along the course of the river.  

Maximum thickness of alluvium is 30.0 m. This 

formation underlined by Tertiary formations of 

Shale, Clay and friable sandstone whereas the 

average thickness is about 15m
3
. Average rainfall 

of the study area is 1291.2 mm per annum which 

occur mostly during the months of September to 

November by the influence of northeast monsoon.  

Climate of this study area varies from arid to 

semiarid in condition. Major habitants practice 

agriculture which is clearly seen in land use map 

and dominating soil type is inceptisols. 

 

Materials and Methods 

In the present study, Geoelectrical 

Imaging Techniques (GIT) has been successfully 

applied for delineating the subsurface geological 

formations. Pseudo cross-section has been 

prepared using geoelectric imaging techniques. 

Subsurface Imaging is a geophysical imaging 

technology that measures electrical resistivity in 

sub surface geological formations. This 

technology can be used to obtain "snapshot" 

images of relatively static subsurface conditions 

for site screening or characterization.  Narendra et 

al., (2009) has made an attempt to adopt an 

integrated approach to evaluate the pseudo depth 

sections and geoelectric cross sections in 

consonance with horizontal and vertical derivative 

transform functions of the VES data. 

Arulprakasam
1
 (2007) have used the geoelectrical 

imaging technique for deciphering the sub surface 

geological formations, which will help in 

identifying areas suitable for sustainable  

development of ground water resource. Singh et 

al. (2006) have studied the 1-D resistivity-depth 

models and 2-D resistivity structures in terms of 

pseudo and resistivity sections. Singh et al. (2006) 

stated that the inversion of IP and resistivity 

pseudo sections generate a 2-D model that is in 

accordance with geologic constraint.  

Barker et al (2001) were used electrical 

imaging technique for delineation of contaminant 

groundwater zones due to the tannery effluents. 

Murali Krishna (2007) has used IPI 2Win for 

pseudo cross section and 2D geoelectrical sections 

to identify characteristics of the fault zone to 

construct artificial recharge structure. When 

compared to geophysical investigations this 

method obviates the need for manual investigation 

of spatial extension of various layers and can 

hence provide more accurate results. The 

deciphered aquifer geometry can be used in 

formulating strategies for sustainable 

development of ground water resource. 

Electrical Resistivity Surveys were 

conducted at 25 sites in regular interval in Coastal 

block of Thiruvallur District, Tamil Nadu, to 

delineate the geoelectric spectrum of subsurface 

geological formations of the area (Fig. 2). The 

electrodes were deployed in Schlumberger  

 

configuration with CRM 500 resistivity meters.  

Depending on the availability of required space as 

well as absence of low resistivity (clay / saline 

waters) layers at shallow depths, current electrode 

 
Fig 2. VES Location and profiling line 
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separation could extend up to a maximum of 200 

m. The field data was then used for making 

geoelectrical cross sections using the Techniques 

of subsurface Image available in IPI2WIN 

software.  

 

Results  

Different subsurface layers are delineated 

from the Vertical Electrical Sounding data using 

IPI2WIN software. Based on the interpreted 

results of Vertical Electrical Sounding conducted 

in the study area, three to five subsurface 

geoelectrical layers have been delineated. The 

resistivity ranges of different lithological units are 

given in table 1, and compared with the results of 

the sounding data of the study area. Various 

thematic maps such as iso resistivity contour of 

different layers, iso-apparent resistivity contour 

maps, transverse resistance, longitudinal 

conductance and anisotropy contours based on the 

resistivity range are shown in table 2.  

 

Discussion 

Iso-resistivity contours maps have been 

drawn for four layers based on the interpreted 

VES data shown in table 1. Regions having 

different groundwater quality can be demarcated 

with the interpreted VES data
4
. The first layer  

 

 

Table.1 Layer wise Geoelectric parameters of the Coastal Blocks of Thiruvallur District 

VES No VES Location 
Resistivtiy (m) Thickness (m) 

ρ1 ρ2 ρ3 ρ4 ρ5 h1 h2 h3 h4 

1 Elavur 1399.0 7.8 120.0 6.2 - 0.8 1.4 0.8 - 

2 Madarpakkam 583.0 178.0 213.0 6.5 - 1.0 4.3 0.4 - 

3 Rettambedu 17.4 7.1 25.2 0.1 - 0.2 19.1 13.8 - 

4 Kolur 3.5 22.7 2.1 5.2 - 0.3 0.2 0.5 - 

5 Gummudipoondi 10713.0 15.1 127.0 16.9 - 0.4 0.5 0.5 - 

6 Andarmadam 18.8 2.0 10.4 0.0 - 0.2 0.9 0.3 - 

7 Vanjivakkam 3.3 1.0 3.0 23.9 - 1.0 6.5 34.5 - 

8 Medur 16.0 2.7 91.3 6.5 - 0.5 0.8 0.6 - 

9 Kavarapettai 5.6 6.2 4.0 11.0 - 0.8 0.3 5.3 - 

10 Chinna Manopuram 9.3 28.2 0.6 5.7 - 0.3 0.8 0.3 - 

11 Arani 1073.0 8.6 418.0 8.2 - 0.4 0.4 1.0 - 

12 Vayalur 26.4 4.0 111.0 2.6 - 2.6 1.6 2.5 - 

13 Chinnambedu 5.6 1.6 265.0 10.9 - 1.0 0.4 0.7 - 

14 Krishnapuram 316.0 3851.0 15.0 6.5 - 0.4 0.6 47.0 - 

15 Kanniyambakkam 15.6 5.2 23.0 4.4 - 1.1 0.7 0.7 - 

16 Eliyambedu 97.8 2.1 36.2 12.3 - 0.6 0.4 0.9 - 

17 Minjur 4.1 15.1 3.5 51.5 - 0.3 0.5 90.2 - 

18 Kannigaipper 7.5 1.3 41.8 7.2 - 1.9 0.4 3.0 - 

19 Agaram 8.0 1.6 74.2 7.5 - 1.3 1.8 2.8 - 

20 Kottakuppam 13.9 6.0 1.2 8.0 - 0.7 0.2 0.3 - 

21 Vallur 1.2 3.7 2.4 14.9 - 2.4 16.4 10.2 - 

22 Agaram 5.2 424.0 13.9 0.0 - 1.6 1.8 0.0 - 

23 Cholavaram 21.1 1.7 12.8 0.0 - 0.7 0.4 0.0 - 

24 Andarkuppam 0.2 25.8 0.2 1.5 - 0.1 0.3 1.2 - 

25 Madhavaram 4.7 106.0 12.9 1.7 11.5 0.2 0.6 0.7 1.6 
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Table.2 Aquifer Geoelectric Properties of the Coastal Blocks of Thiruvallur District 

VES No 
VES Location 

Transverse Resistance (T) 

(Ohm.m2) 

Longitudinal Conductance 

(S) (mhos) 

Aquifer 

Anisotropy (λ) 

1 Elavur 1226.12 0.19 5.04 

2 Madarpakkam 1433.60 0.03 1.11 

3 Rettambedu 486.85 3.25 1.20 

4 Kolur 6.64 0.33 1.49 

5 Gummudipoondi 4356.25 0.04 9.08 

6 Andarmadam 8.68 0.49 1.47 

7 Vanjivakkam 113.30 18.30 1.08 

8 Medur 64.94 0.33 2.45 

9 Kavarapettai 27.54 1.52 1.01 

10 Chinna Manopuram 25.53 0.56 2.70 

11 Arani 850.64 0.05 3.60 

12 Vayalur 352.54 0.52 2.02 

13 Chinnambedu 191.74 0.43 4.33 

14 Krishnapuram 3142.00 3.13 2.07 

15 Kanniyambakkam 36.90 0.24 1.18 

16 Eliyambedu 92.10 0.22 2.38 

17 Minjur 324.48 25.88 1.01 

18 Kannigaipper 140.17 0.63 1.78 

19 Agaram 221.04 1.33 2.90 

20 Kottakuppam 11.29 0.33 1.62 

21 Vallur 88.04 10.68 1.06 

22 Agaram 771.52 0.31 4.56 

23 Cholavaram 15.45 0.27 1.85 

24 Andarkuppam 8.00 6.51 4.51 

25 Madhavaram 76.29 1.04 2.88 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Fig. 3) resistivity in the study area ranges from 

0.2 ohm-m to 10713 ohm-m.  low resistivity (less 

than 3 ohm-m) is noticed  in south eastern part 

may be due to the occurrence of sand with saline 

water.  High resistivity (more than 500 ohm-m) is 

seen in north and northwestern part of the study 

area which may be due to laterite formation. 

 

Resistivity range of 12 - 50 ohm-m is seen in 

middle part of the study area is may be due to 

presence of sand formation.   Resistivities of the 

top layer are compared with the geology of the 

study area which confirms the presence of above 

mentioned formations. 

 

  Iso-resistivity values of second layer 

range from 1 to 3851 ohm-m (Fig. 4).  The low 

resistivity (less than 3 ohm-m) is present as small 

patches in coastal tract of study area which are 

may be due to sand with saline water.   High 

resistivity zones (more than 1000 ohm-m) are 

Fig. 3: First Layer Iso-Resistivity (Ohm.m) 
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seen in central part of the study area.  The 

resistivity ranging between 250 and  

500 ohm-m occupies south western part of the 

study area which confirms the occurrence of 

sandstone formation. Iso-resistivity of third layer 

ranges from 0.2 to 418 ohm-m (Fig. 5).  Low 

resistivity zone (less than 3 ohm-m) occupy as 

patches in coastal regions of the study area 

indicating the presence of saline water.  

Resistivities ranges from 12 to 50 ohm-m 

indicates thick sand formation in central part of 

the study area.  Resistivity more than 150 ohm-m 

are observed in north-western part confirming the 

 
 

Fig. 4: Second Layer Iso-Resistivity (Ohm.m) 

 

existence of compact Lateritic formation.  

Resistivity values gently decrease towards eastern 

part of the study area is due to the presence of 

alluvium. Fourth layer iso-resistivity of the study 

area ranges from 0.00 to 51.5 ohm-m (Fig. 6).  

Low resistivities are seen as pockets in southern 

part indicating the occurrence of saline water in 

this region. Rest of the area is characterized by 

the resistivity values ranging from 5 to 12 which 

implicate sandy clay formation. 

The Transverse resistance (T) and 

Longitudinal conductance (S) values are 

effectively useful for demarcating ground water 

potential
5
.  Ayolabi

6
 stated that from the 

geoelectric parameters such as longitudinal 

conductance and Transverse resistance the 

coefficient of anisotropy of the overburden 

material can be determined. Singh
7 

stated that the 

Transverse resistance (T) and longitudinal 

conductance (S) are used for better resolution of 

thin layers of both resistive and conductive 

properties. 

 
 

 

Transverse resistance (T) values can be calculated 

from VES results by using the equation is as 

follows.  

 

(Ohm.m
2
) 

According to Zohdy
8
, increasing T values 

indicate increase in thickness of the resistive 

material.  Higher aquifer transmissivity zones can 

be located by higher T value. Arulprakasam
9
 

stated that the higher (T) and (S) values indicating 

a good potential but brackish to saline nature and 

deeper basement. In the present study the 

Transverse resistance values of the study area 

range from 6.64 to 4356.25 ohm-m
2 

with an 

average value of 682. 76 ohm-m
2 

(Table.2).  

Spatial distribution of T values of the study area is 

shown in fig.7. 

Fig. 5: Third Layer Iso-Resistivity (Ohm.m) 
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Fig. 6: Fourth Layer Iso-Resistivity (Ohm.m) 
 

Longitudinal conductance (S) values of 

the study area can be derived from VES results 

using the following equation.  

 

(mhos) 

 

 
 

Fig. 7: Transverse Resistance  (Ohm.m2) 

The S values of the study area are given 

in the table 2. Variation in the total thickness of 

low resistivity material can be successfully 

identified by using the difference in S from one 

depth probing station to the other
10-14

. 

Geoelectrical parameters (DARZARROUK 

Parameters (DZ)) such as formation resistivity, 

total longitudinal conductance and depth to the 

bedrocks are useful guides, in evaluating the 

groundwater potential of a site
15

.  In the study 

area longitudinal conductance (S) values various 

from 0.03 to 25.88 mhos with an average value of 

3.88 mhos (Fig.8). Longitudinal conductance 

ranging above average occurs along the coastal 

tract indicating the presence of marine sediments 

in this region.The ‘S’ values below the average is 

seen in north and northwestern part of the study 

area which coincides with the alluvium 

formations.Very high ‘S’ values (above 12 mhos) 

occur at Vanjivakkam, Minjur and Madhavaram 

(Loc. Nos., 7, 17 & 25) which indicates the 

presence of saline water and clay dominated 

regions. The high ‘T’ and low ‘S’ values in 

northwestern part of the study area indicates the 

presence of fresh groundwater zone and shown in 

the fig 9.  High ‘S’ values and low ‘T’ values 

present along the coastal tract indicate brackish to 

saline groundwater.  Remaining area is 

characterized by moderate groundwater zones.  

 
 

Fig.8: Longitudinal Conductance (mhos) 
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Pseudo cross section along Cholavaram - 

Vanjivakkam aa’ (SW - NE) 

From an analysis of apparent resistivity 

and quantitative VES results pseudo-cross 

sections were prepared in different directions 

namely in SW- NE, NW-SE and W-E, to 

delineate various subsurface geological 

formations and are detailed below (Fig-2). 

 

 
 

Fig. 9:Fresh / Brackish Groundwater Zones 

 

Geoelectrical Imaging Technique used for sub-

surface resistivity cross-section A-A’ along 

Cholavaram - Vanjivakkam is shown in fig 10, in 

South West - North East direction. GIT reveals 

that formation with resistivity less than 3 ohm.m 

indicates saline formation at VES 7,  3-5 ohm.m 

clay at VES 10 and 19, 5-10 ohm.m sandy clay at 

VES 10, 19 & 23 and more than 10 ohm.m sand 

formation at VES 10,16,19 & 23. 

 

Pseudo cross section along Kannigaipper - 

Madhavaram bb’ (NW-SE) 

Geoelectrical Imaging Technique used to 

draw sub-surface cross-section B-B’ along 

Kannigaipper - Madhavaram is shown in (Fig 11), 

in North West - South East direction. It is seen 

that Resistivity of more than 10 ohm.m seen at the 

top (upto 7m) and blow 70 m of VES 25, 

indicates the sand formation and between 7 to 70 

m indicates sandyclay formation (5 to10 ohm.m). 

Resistivity of less than 5 ohm.m at VES 20 

indicates clay formation, whereas other area 

showing 5 to10 ohm.m indicates sandyclay 

formation. 

Pseudo cross section along arani - vayalur cc’ 

(W-E) 

GIT used to draw sub-surface cross-

section (C-C’) along Arani - Vayalur in East -

West direction is shown (Fig 12). It is observed 

that the resistivity range of  

3-5 ohm.m at top of VES 13 and bottom of all the 

VES indicates clay and dry sand is encountered at 

top of VES 14.  Resistivity range of different litho 

units are similar to that of cross section described 

earlier. 

From the pseudo cross-section prepared 

by using geoelectric imaging techniquesalong 

with the VES data, it is inferred that the presence 

of sand formation (10 – 50 Ohm.m), sandy clay (5 

– 10 Ohm.m), clay (3 – 5 Ohm.m) and saline 

formations (< 3 Ohm.m) at different depths in the 

study area.  
 

Conclusions 

Geoelectrical Imaging Techniques have 

been successfully applied for delineating the 

subsurface geological formations. Pseudo cross-

section has been prepared using geoelectric 

imaging techniques.  As compared to geophysical 

investigations, this method obviates the need for 

manual investigation of spatial extensions of 

various layers and can hence provide more 

accurate results. The Darazarrouk parameters can 

be effectively used for delineating the ground 

water potential zones in Coastal block of 

Thiruvallur district, Tamil Nadu, which will help 

in identifying geoelectrical layers.  Transverse 

resistance is in general varying from 6.64 to 

4356.25 ohm-m
2
, where as the longitudinal 

conductance is varying from 0.03 to 25.88 mhos. 

The VES results revealed the ground water 

potential zones in the isolated patches of northern, 

eastern and southern parts of the area.  
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Fig 10. Pseudo cross section along Cholavaram - Vanjivakkam AA’ (SW - NE) 

 

 

 

 

 

 
 

Fig 11. Pseudo cross section along Kannigaipper - Madhavaram BB’ (NW-SE) 

 

993 



SENTHILKUMAR et al.: DELINEATION OF SUBSURFACE LAYERS USING RESISTIVITY IMAGING TECHNIQUES 

 
 

Fig 12. Pseudo cross section along Arani - Vayalur CC’ (W-E) 
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