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Abstract

The aim of the study is to present the
principles and procedures of the magneto
telluric approach. The resistivity
characteristics of the rocks in Tamil Nadu's
Thoothukudi district's Kalugumalai hamlet
were the basis for the aquifer investigation.
The research region has granitic hard rock,
worn gneiss, and black soil. The magneto
telluric method will employ resistivity
variations to assess the connection of
permeable rock and groundwater in land and
underground  discharges. The  natural
electromagnetic field strength is determined
by the rock structure of the underground
earth and its resistivity variations. In order to
increase spacing transmission and get more
information, two copper electrodes are used
for the M and N electrodes. For
hydrogeological objectives, the approach has
given information on the rocks and structural
relationships up to a depth of 300 m. The
study demonstrates that fractured and
weathered zones in the region have a major
role in controlling groundwater occurrence.
At the saprock zone, it is very likely that you
may run into groundwater. Between the
overburden and the bedrock are fractured and
weathered zones. The MT approach is
efficient for investigating groundwater in a
geological setting.
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I. INTRODUCTION

A vital natural resource, groundwater also plays a big part in the economy. It serves as
the primary water source for agriculture and the food sector. In general, groundwater is a
dependable source of water for agriculture and may be used in a flexible way: more
groundwater can be extracted when it's dry and there is a higher demand, and less
groundwater will need to be extracted when the rain fall satisfies the needs. Globally, more
than 70% of all water withdrawal is used for agriculture (both surface and groundwater).
Approximately 43% of the total irrigation water used is thought to come from groundwater.
In hydrology, an aquifer is a rock layer that stores water and periodically releases significant
volumes of it. The rock has pore spaces that are filled with water, and when the spaces are
linked together, the water can pass through the matrix of the rock. A zone, lens, or stratum
that contains water is another name for an aquifer. One of the most significant sources of
fresh water on Earth, wells can be drilled into a variety of aquifers. When the water table, the
upper surface of a groundwater aquifer, is exposed to the atmosphere through permeable
material, the aquifer is said to be unconfined. Unconfined aquifer systems lack the
impervious rock barrier that separates the water table from the atmosphere in confined
aquifer systems.

Geology is a branch of science that focuses on the study of the earth as it appears on
its surface, within, and structurally, particularly as it pertains to the composition,
arrangement, and structure of rock formations. In order to comprehend geology, the science
of geophysics examines the physical characteristics of the earth. Geophysical methods make
use of several physical factors, including density, magnetic and electrical properties, etc.
Therefore, the investigation of mineral deposits by the right application of the physical
characteristics of the earth's minerals is known as applied or exploration. 'Geophysical
prospecting,’ also known as geophysics Meidav T (1960), Parasnis D. S (1997). Geophysical
prospecting, also known as applied geophysics, has become crucial for the exploration of
mineral deposits, the resolution of bed-rock foundation issues, civil and military engineering
projects, the location of ground water, and offshore or oceanic research. Reynolds, J.M.,
1995. Karanth K. R (1987) The current study sought to use the Magnetotelluric (MT)
approach in the search for acceptable locations for digging numerous boreholes for
community water supply, despite the fact that Electrical Geophysical Methods are frequently
used in groundwater investigations. The Magnetotelluric method was chosen because it can
be used for great depths of investigation, good space sampling, and the ability to distinguish
between salt-saturated water and freshwater layers, whereas Electrical Tomography and
Electrical Vertical Sounding cannot ensure complete and dense space coverage. This
approach is frequently used worldwide in groundwater investigations and other geoscience
research since it is well-documented in the literature. (Tinlin et al. 1988; Brasse 1989;
Bernard et al. 1990; Bartel 1991; Chouteau et al. 1994; Nichols et al. 1994; Bourgeois et
al. 1994; Dennis et al. 2011; Chave and Jones 2012; Nittinger and Becken 2016; Amjadi et
al. 2020; Muttagien and Nurjaman 2021). When using MT for groundwater research,
especially in regions where the presence of groundwater is dependent on cracks and
weathering, Archie's law, which demonstrates the relationship between the porosity of rock
materials and their electric conductivity, is very beneficial. Agyemang, V. O. (2022).

Copyright © 2022 Authors Page | 63


https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR33
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR7
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR5
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR4
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR10
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR25
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR6
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR14
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR9
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR26
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR2
https://link.springer.com/article/10.1007/s13201-022-01576-9#ref-CR24

Futuristic Trends in Physical Sciences

e-ISBN: 978-93-5747-929-5

I1P Proceedings, VVolume 2, Book 14, Part 1, Chapter 7

ASSESSMENT OF GROUNDWATER CHARACTERISTIC STUDIES

USING THE MAGNETO TELLURIC METHOD IN KALUGUMALAI, TAMIL NADU, INDIA

Il. STUDY AREA

The study region is in Tamil Nadu's Thoothukudi District, and it is situated between
9°08'59.5" N latitude and 77°42'13.6" E longitude. The water-bearing formations include
charnockite, Terri sands (sand dunes), Quaternary alluvium, Tertiary sediment sand, and
weathered zones in gneisses. Marine deposits and river marine deposits make up the majority
of the litho units in coastal locations. (Magesh et al. 2016; Narayanaswamy and Lakshmi
1967). The study is underlain by rocks of the Archean age, which is having gneisses, granites,
and charnockite(Narayanaswamy and Lakshmi 1967. The main aquifer systems are
composed of porous Tertiary and recent Sedimentary formations and worn and cracked hard
rock formations of Archean age. In the research area, alluvium deposits cover the surface
layer to a large extent. In order to determine the research area's acceptable soil and dune
thickness as well as the infiltration of groundwater and saltwater, resistivity experiments were
conducted. (Antony Ravindran 2012). Sandstone with Kankar/Caliches, weathered gneissic
rock with basement rock, soil, clay-rich soil, alluvium deposits, and sandstone are all present
in the studied region.

In the towns of Pudukkottai, Kovilpatti, Ottapidaram, and Vallanadu, quartzites are
exposed as hillocks. The hills generally trend in a direction of NWW to SSE. Ottapidaram
and Vallanadu's hills are respectively 28 m and 314 m in height at their highest point. The
district of Thoothukudi's main soil types are listed below: river alluvium, shallow red soil,
black cotton soil, and shallow red soil. Solid calcareous soil, salty soil, salty mangrove soil,
and red-ferralitized soil The following geological formations, namely Archaean, Tertiary,
Recent to Sub-Recent age, are encountered in Tuticorin. (Table2.1)

Table.1: Below is a description of the district's geological structure

Period Age Stage Lithology

Red soils, coastal sands, river
alluvium, laterite one red teri,
kankar, shell fragments and
calcareous sand stone.

Alluvium —
Quaternary | Holocene to Recent | Recent Deposits

_ _ Panampari Hard and Compact
Tertiary Miocene Calcareous Sand stone, shell
Sandstone Limestone.

Quiartzite, charnockite, calc-
Achaeans Precambrian Crystalline granulite, peninsular gneiss.
Pink granite,
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Figure 1: Location Map of the Study Area.

I11. METHODOLOGY

Identification of the subsurface geology, formation, and freshwater discharge is done
using the magnetotelluric approach. Li and Jie (2017), Vozoff and Keeva (1991), Abdelzaher
et al. (2012), deGroot-Hedlin (1990), Jones and Alan (1988), Falgas (2009), Demirci and
Ismail (2017), Albouy et al. (2001). The magnetotelluric approach is beneficial for studying
aquifers or the deep subsurface. Aquifer depth, freshwater flow, saline intrusion, and
tectonically fractured and folded terrain.

The quartzite and gneissic, schist, and granitic rock below deeper structural formation
is identified using the low frequency ADMT-300S Magneto Telluric apparatus and mapped
in a 2D picture. The underground earth's rock formation and its fluctuations in resistivity are
used to determine the natural electromagnetic field's strength. The two copper electrodes are
utilised for the M and N electrodes in spacing transmission to improve it and gain more
information depth up to 300m.

IV. RESULT AND DISCUSSION

This study uses the magneto telluric approach to explore the kalugumalai groundwater
system. For subsurface deeper aquifer mapping, the magneto telluric approach is employed.
Granitic and gneissic development is what the high resistivity portion of 0.0051-0.0057
ohm.m. indicates. The low resistivity is 0.0037-0.0043 ohms/m, which indicates an intrusion
from a water-bearing zone at a depth of 60 m. The weathered zone shows gneissic rock with
an impedance between 0.0045 and 0.0049 ohm.m.

Profile 1: Profile 1 covers a length of 280 metres and a depth of 300 metres. The
unconsolidated soil package is to blame for the high resistivity portion, which ranges from
0.0076 to 0.0092 ohm.m. The low resistivity, which ranges from 0.0027 to 0.0048 ohms per
metre, indicates a water-bearing zone. The weathered zone shows that there is gneissic and
granitic rock present in this region, ranging from 0.0055 to 0.0069 ohm.m.
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Figure 2.1: MT profile 1

Profile2: Profile 2 covers a length of 240 metres and a depth of 300 metres. The 0.0051—
0.0057 ohm.m. high resistivity portion is indicative of granitic and gneissic development. The
low resistivity of 0.0037-0.0043 ohms per metre indicates an intrusion from a water-bearing
zone at a depth of 60 m. The weathered zone shows gneissic rock with a resistance of
0.0045-0.0049 ohm.m.
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Figure 2.2: MT Profile 2

Profile 3: A distance of 60 metres and a depth of 300 metres are covered in profile 3.
Granitic and gneissic rock can be found to a depth of 1800 metres due to the high resistivity
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portion, which measures 0.0054-0.0059 ohm.m. The low resistivity, which indicates a water
bearing zone at a distance of 30 metres and a depth of 200 metres, is 0.0040-0.0048 ohm.m.
The formation rock's weathered indication ranges from 0.0048 to 0.0052 ohms.
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Figure 2.3: MT profile 3

Profile 3: The length of profile 4 is covered by a distance of 60 metres and a depth of 300
metres. Granitic and gneissic rocks are present at a depth of 1800 metres, as shown by the
high resistivity portion of 0.0054-0.0060 ohm.m. The low resistivity of 0.0042-0.0046 ohm/m
indicates a water carrying zone at a distance of 30 m and a depth of 200 m. The weathered
formation rock is measuring between 0.0048 and 0.0052 ohms.
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Fig 2.4: MT profile 4
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V. CONCLUSION

This study uses the magnetotelluric approach to explore the kalugumalai groundwater

system.For subsurface deeper aquifer mapping, the magneto telluric approach is employed.
Granitic and gneissic development is what the high resistivity portion of 0.0051-0.0057
ohm.m. indicates. The low resistivity is 0.0037-0.0043 ohms/m, which indicates an intrusion
from a water-bearing zone at a depth of 60 m. The weathered zone shows gneissic rock with
an impedance between 0.0045 and 0.0049 ohm.m.
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