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ABSTRACT

Among all geophysical methods, resistivity methaos most widely used in ground water, mineral and o
exploration. The multi electrode electrical rebigy imaging (ERI) play a very significant role the resistivity/IP
prospecting, for detecting sub-surface formations #or studying sub-surface geological stratal atebture. In
this type of surveys, a number of electrodes aaatptl on the ground surface maintaining an equedrielectrode
separation. The number of electrodes may be 1282224or 96.....depending upon type of the measurstes:.
Electrical Resistivity imaging (ERI) survey is dad out at two identified locations of Cauvery phkiviz.,
kottuchery and kadalangudi. The site selectionaaedon the basis of local geology, geomorphology €he
resistivity images with Dipole-Dipole at kadalangudcation showed up to 22 m depth whereas Wenner-
Schlumberger, the scanned depth is 60m. Thus Histikdty image with Wenner-Schlumberger arrays slagwn
greater depth of investigation. Also it is obsertledt high resistivity layer is almost embeddednaeen two low
resistivity formations. The bore hole thus recomaeehbased on ERI conformed a goodcorroboration éetwthe
geo-electrical image and lithology. A similar findi with the ERI at Kottuchery near karaikal indiedta good
corroboration between the top image with the Dipateay and the bottom image with the Wenner-Schargdy
array. Hence, the Electrical Resistivity ImagingR{E being a non-invasive method is a significandl ton
investigating sub-surface formations with precisiaocuracy and reasonable resolution.

Keywords: Apparent resistivity, resistivity prospecting, eEfrical Resistivity Imaging, Tomograms, Wenner-
Schlumberger array, Vertical electrical Soundingu@ery Plains, Lithologs.

INTRODUCTION

The Cauvery river basin lies between latitud87I8 to 13 28'N and longitude 7528'E and 78 52°E. The river
basin covers an area about 87,900°Kspread over the states of Karnataka, Kerala, Tamdilnadu (Fig.1). The
delta is river dominated and is occupied by sevdisttibutaries of Cauvery River. On the westerrrgimaof the
delta Precambrian gneisses are exposed overlagrabgceous to recent sediments. The Cauvery delitaseen
presently developed a triangular pattern constiguéi marginal denudation unit, a central fluvio-imardepositional
unit and a coastal marine depositional unit Thev@audrainage system in the upper reaches flonwutdittcArchean
granitoid gneisses (amphibolites-facies) and iiwrys Closepet granite, Precambrian granulites (rangn

composition from granite to gabbro) and supractusédts. Before KRSD, the Cauvery flows throughsiba
granulites, ultramafic rocks, pelites and carborizads, hypersthenes bearing granulites and (ctldtas) and
Peninsular gneissic rocks, which are exposed aréurghalnagar Holenarsipur, Krishnarajpet and Nagjata
schist belts surrounded by tonalitic and trondhjitiengneisses are exposed in the drainage basitheofriver
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Hemavati. Sargur schist belt, peninsular gneissed granulites are exposed in the catchment area of
Laskhmanthirtham and KabiniRiver. River Kavericaicross the plexus of felsitic and porphyry riyjed near
Srirangaptinam, Karnataka. Before the confluermatmf Kabini, Kaveri flows south of Dodguni, sbetn tip of
Chitradurga schist belt where bands of dolomiticestone associated with manganese chert, quaataikg@hylites
are present. Bhavani a major tributary to Cauypargses through granulites of the Nilgiri Range,clwhionsists of
granetiferous ender bites and basic granuliteshigéd to anorthositic in composition). Two-pyroxegranulites
and pyroxinites occur as extended bodies, lenses pmads with increasing abundance towards northhia t
NilgiriRange. The rocks in middle reaches of CayvReiver are predominantly granulitic gneisses, ashhhave
been subjected to high grade polyphase deformadtomys banded migmatitic structure and fold pasteamd are
composed of granulite facies assemblage of plaggeclquartz, orthopyroxene, garnet and biotitee délta and
mouth of the river consists of recent alluvium dgm

N
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Location map of the Identified zones in Cauvery plas
METHODOLOGY AND EQUIPMENT

Vertical Electrical Sounding (VES) technique in Résity method cannot measure the signatures fsabsurface
in lateral directions. Further, the depth wise stdgty changes are not possible being measured thi resistivity
profiling/mapping technique. Both these conventideahniques commonly employ a four-electrode getahnere

the signatures from a singular depth level of thie surface can be measured on the surface. Réyistviations,

both in lateral and vertical directions, can be suead concurrently by using multi electrode systéoamnected to
multi-core cable. The number of electrodes withrthéti electrode systems can be, for example, 2448r 96 etc.
with specified inter- electrode spacing. The irgbzetrode spacing can be varied from the speddicatas per the
available area and topography. In any case, arsave length from half a kilometer to one kilonret®rizontal

distance can be covered in a single-run depending the size of the array and number of electrodeaventional
Electrode Configurations namely, Dipole-dipole, @& electrode, Two -electrode, Wenner, Schlumbesggercan
be applied for sub- surface data acquisition. Teecdorizontal traverses in a phased manner, atbeg’/or

‘move-on’ techniques as per the situation are appin which case the set of electrodes are movesafd in a

systemic ‘pre-set’ manner. The depth down below ttheerse can be increased by increasing the aizey
sequentially depending upon the ‘depth of invesioga of the corresponding array. Each array hasigoown

investigation depth, depending upon the theories ‘linaximum contribution concept or ‘median deptimecept’ .

Some are following the data presentation methodshliave been proposed by Hallof.

Electrical Resistivity Tomography (ERT)/Electridaksistivity Imaging (ERI) which is a non-invasiveetihod, is
extremely useful for understanding the sub-surfao@ations and for depth estimations of naturabueses.
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High-resolution Electrical Resistivity Tomographi#ERT) surveys play an important role in data adtjars
especially in noisy areas. This is achieved by ¢aeping data levels with different combinationsipole lengths
and Dipole’s separations, as a whole, when Dipdipote array is applied. Similar conditions are gibke with
Wenner- Schlumberger and Three-Electrode array. alid® number of data points produced by such High
resolution survey is more than twice that obtaiwéti a conventional array in routine applicatiorddrence a better
area coverage and resolution can be achieved.

After analysis and processing of the measured datthe field, pseudo-depth sections are construetét
overlapping data levels. By having such redundashsuarements using the over lapping data levelseffieet of
more noisy data points will be reduced. Finally idigsolution resistivity (HERT) Surveys play inigrgficant role
especially for scanning the subsurface in noisp &me better data coverage so that the sub-suditetecture can
be studied with reasonable precision and fastaregu2D and 3D subsurface imaging is possible @vitip multi
electrodes. Further to understand the subsurfdoemation to micro level, it is preferable to ussicer-dicer’
software so that geological strata and sub-strathitacture can be studied with better accuracgsomable
resolution and optimum precision.The field equipiméat is used is an IRIS make SYSCAL Pro-96 sy$feii).
This system is multi-channel equipment where Digbjmle array can be applied. In the case of simtiannel
equipment, only Wenner, Schlumberger can be opkfétpires 4.2 and 4.3show both the systems wittirelde
array set-up. This system works as a measuringos@ising Multi-electrode system. The ERI survegasried out
using 96 electrodes with facility to have interatede separation upto 5m. The multi-electrodes Vey —out are
shown in figure 4.4.

The field parameters like type of the array, s@erent intensity, stacking etc. will be uploadedtie system .All
the data field acquired data is downloaded to&ptob. Then the data is processed, analyzed andrttezpreted.

For our ERI survey, Dipole-dipole and Wenner-Schenger are opted for the reason that dipole armydc
provide better resolution compared to the otheayariThen, Wenner- Schlumberger combination coulaide
greater depth of investigation.

FIELD OBSERVATIONS

Carried out the field surveys in some identifieche® of Cauvery plains to understand the natureubfssirface
formations. A hybrid combination array called, Wemn$chlumberger, Dipole-dipole are opted with acsge
objective; using dipole-dipole array. It is possilib record the signatures even from shallowesthtdgpDiploe-
Dipole array and the studies are extended to déepelrby using Wenner-Schlumberger array.

A number of field surveys carried by the authorénbeen discussed from various and different gecédginvirons
where geo-electrical sections have been corrobbnatéh bore-hole lithologs and tomograms.The lawadi which
are identified for this purpose are Kadalangudiawadi and Kottucherry. Pilawadi is 30 km from Kuaklbbnam
and Kadalangudi is 73 km from Kumbakonam whereagtu€berry is 10 km from Karaikal. On the
recommendations of locations for drilling basing the ERI tomorgamms, drilling was carried out omytwo
locations ie., Kadalangudi and Kottucherry.

TOMOGRAMS

In each location we obtained three images, nantkeé/top one indicates the observed image and tddlenbne

indicates the computed one whereas the bottom mdieaites the true resistivity image which is obedirafter

applying the Inversion. As it is not possible toasere physically the true resistivity in the fiellde other alternate
procedure to get a true resistivity image of thb-surface is to apply the method of Inversion te tdbserved
apparent resistivity data so that the true resigtimage is obtained. The Inversion procedureppliad by using

either least square method or Finite Element metideinite Difference method. In the present stldgst square
method is applied and it is incorporated in thevsafe supplied by the Instrument makers. The ingarprocedure
is applied after obtaining an optimum matching kestwthe observed data and computed data. Careebagdken

in eliminating the bad data points before the psetwy is started. In the process of inversion, bmber of

iterations are increased in such a way that the RM& is maintained as minimum as possible.
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SCHEMATIC DIAGRAM OF MULTI-ELECTRODE SYSTEM SCHEMATIC DIAGRAM OF MULTI-ELECTRODE SYSTEM

Figure 4.2 ERI- Electrode set up with single chanreystem Figure 4.3 ERI — Electrodgetup with multi-channel system
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Figure 4.4 Multi-electrode winch set-up Figure 4.5 ERI — Tomograph with dipolaipole array in Kadalangudi area
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Figure 4.6 ERI — Tomograph with Wenner-Schlumbergerarray in Kadalangudi area
Figure 4.7 Inverted images with dipole-dipole an&enner-schlumberger in Kadalangudi area
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Figure 4.8 (a) Depth wise resistivity curve and (blitholog of the Kadalangudi area
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Figure 4.9 ERI — Tomographs in Kottucherry area wit dipole-dipole array ( top) and Wenner-Schlumbergearray ( bottom)
Figure 4.10 (a) Depth wise resistivity section angb) Litholog in Kottucherry area

Finally, this processing will pave the way for dhtag the true resistivity picture of the sub-sedaformations.

After all these things are over, locations for ldrg the bore holes are recommended with an objedtiat the

recommended bore hole should pass through’ as fioamations as possible so that an in-depth studybeamade

regarding such individual formations like., geo-tli&try, dating, pollens, etc. All such studies lbegond the scope
of the present study.
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Figure 4.11 IRIS make SYSCAL Pro — 96 Field equipm# used for the survey

RESULTS AND DISCUSSION

Figure 1 represents the location map of the idedtifocations of the Cauvery plains. These zones Hzeen

identified taking into account the local geologgogiorphology etc. Figures 4.5 illustrates the Rieftis Images

with dipole-dipole at the location Kadalangudi Aglkained above, it can be seen that the top imadieates the
measured apparent resistivity field data and theédhaiimage illustrates the computed data . Aftdrieadng an

optimum matching between the computed and obsetkied, the process of inversion is applied to geinaarted

image which is shown as the bottom one. It candem shat the RMS error is only 2.6% for 5 numberaitions.

Figure 4.6 indicates the resistivity image with Wen—Schlumberger array where greater depth ofstigegion is

achieved. It can be understood that with the digotay, the system could scan up to 22m depth \alsength

Wenner- Schlumberger, the scanned depth is uptmdr60m. The length of the traverse in both tleesas 480m.
For better comparison, both the arrays are showiigime 4.7. A high resistivity layer is almost eeatsled between
two low resistivity layers. Bore hole is recommetidad lithologs are drawn. The lithologs and thgtllevise geo-
electrical section are shown in fig 4.8. A goodrobpration is achieved between the geo-electricelge and
lithologs. To confirm this, a depth-wise electrisaiction is constructed which also supported treeifation. Fig.
4.9 shows the final inverted images constructdgodtiucherry near Karaikal. The top image is donthwhe Dipole

array and the bottom image is with the Wenner-Suoblerger array. The traverse length is 250 m in bughcases.
It can be observed that the dipole array could shansub-surface upto a depth of 13.5m whereas\teener-

Schlumberger combination could investigate uptcepthd of 47m.The RMS error is maintained at a mimmof

7.9% for 6 iterations for Wenner-Schlumbergeryaaad it is 9.2 % for 5 iterations. The slight iearent of RMS
error is because of local geological noise. Thelhmes are recommended and the lithologs are shothe figure
4.10 and the constructed depth-wise section is gisavn in the same figure. A satisfactory matchsgchieved
among the electrical images, depth-wise section lg@inologs. The field equipment which has been ubgdhe

author for the surveys is shown in shown in figdté1l. Hence, the Electrical Resistivity Imaging (E® a

successful geophysical tool for finding out the suface geological formations with precision, aecyr and
reasonable resolution.

CONCLUSION

Electrical Resistivity Imaging (ERI) survey is dar out in some identified locations of Cauveryipga The zone
selection is done on the basis of local geologgng@phology etc. The Resistivity Images with dipdipole at the
location Kadalangudi has been analyzed and it @asden that the top image indicates the measungared
resistivity field data and the middle image illases the computed data. After achieving an optinmatching
between the computed and observed, then the professersion is applied to get an inverted imageioh is
shown as the bottom one. It can be seen that th8 Bivbr is only 2.6% for 5 number iterations. Theistivity
image with Wenner —Schlumberger array has showatgrelepth of investigation. It can be understdat with
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the dipole array, the system could scan upto 22pthdehereas with Wenner-Schlumberger, the scanegthds
upto around 60m. The length of the traverse in boéhcases is 480m. It is observed that high reitystayer is
almost embedded between two low resistivity fororai Bore hole is recommended and lithologs arevrra
good corroboration is achieved between the gedralat image and litholog. To confirm this, a deptlse
electrical section is constructed which also sutgubthe observation.

Further, the final inverted images constructed attdcherry near Karaikal indicated a good corrotiorabetween
the top image with the Dipole array and the bottorage with the Wenner-Schlumberger array. It caolmerved
that the dipole array could scan the sub-surfacetoup depth of 13.5m whereas the Wenner-Schlumberge
combination could investigate up to a depth of 4. RMS error is maintained at a minimum of 7.9% 6o
iterations for Wenner-Schlumberger array and ®.8 % for 5 iterations. The slight increment of BMrror is
because of local geological noise. A satisfactoataing is achieved among the electrical imagepthdeise
section and lithology. Hence, the Electrical Régtst Imaging (ERI) being a non-invasive methodaisignificant
tool in investigating sub-surface formations witlegision, accuracy and reasonable resolution. i§tise only tool

for finding out sub-surface geological stratal @extture.
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