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ABSTARCT

The aim of the study is find out the groundwateteptial in the granite and quartzite terrain in tidoothukudi
District using Azimuthal Square Array (DC) elec#iicesistivity method. The case study carried aulangalagiri
(Quartzite terrain), Kovilpatti(Quartzite, weatheregneiss), Chandragiri (Weahtered gneiss and geaniick) is
occurred in the geological formation of Archaen agibe Square array electrical resistivity methodsevcarried
out in field using CRM-500 electrical resistivityetar, wire spool, electrodes with square array ggunfation. The
depth of penetration ‘a’ is equal to the lengthetdctrode spacing. The collected resistivity dates wrocessed by
the formula and calculate the apparent resistivigisotropy and lithostratigraphy of the study ardae fault zone
direction was identified in the study area by usthg azimuthal polar plots and curve matching téghes. The
obtained apparent resistivity is ranging from 1€l and Caliche deposits, quartzite 50-100 Ohm.nd a
freshwater apparent resistivity 100-120 chm.m.

Key words: Azimuthal Square Array, resistivity method, faolte, apparent resistivity, polar plots.

INTRODUCTION

In the present study, the main aim of the invesibgathrough electrical resistivity, Square Arragtimod is used to
measure the apparent resistivity of the selectedtilons, for subsurface condition such as a) détermepth wise
fractures in different direction in the subsurfatehe locations in the study area. (b) use of aa®BetArray direct-
current resistivity method to detect fractures amchrock in the study area c) identifies the grouvaigr level in the
study area. d) study the nature of the groundwejtén find the secondary porosity rock. The studdaachosen was
in between in and around area of Mangalagiri Vélagchandragiri Village and Kovilpatti(Galugumalai)
Thoothukudi District, Tamilnadu,. The in-betwedage was covered by Quartzite rocks with a cappinged soil
at some exposures and granitic rock. Groundwateonfined conditions in the weathered and fracturedes in
other part of the districts.

2. GEOLOGY OF THE STUDY AREA

Thoothukudi district is one of the important coaslistrict of Tamil Nadu State. The district is &ied between
8°.19' and §20'N Latitudes and 740’ and 7810’E Longitudes. The northern border of the distischounded by
Virudhunagar district and the Western, Southern Sodthwestern parts are covered by TirunelveliridistThe
Eastern part of the district is bordered by GulMzfnnar.
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Fig.1. Location Map of the study area.

Ground water occurs unconfined conditions in thativered and fractured zones in other parts of iteias like
Kovilpatti, Ottapidaram, Ettayapuram, Kayathar &iléthikulam.

3. AZIMUTHAL SQUARE ARRAY METHOD

Azimuthal square array (dc) resistivity is a modlifiresistivity method, where in the magnitude anections of the
electrical anisotropy are determined. An electraday is rotated about its center so that the a@ppaesistivity is
observed for several directions. The side lengtlthef square is defined as spacing and is equdietalépth of
penetration. The array is expanded symmetricalbuithe centre point with an increment in ‘a’ spacof (2} ,
[4-6].

4. FIELD MEASUREMENTS

For each square, three measurements are madejdh o perpendicular measurements namely Alghaahd
Beta ) Gamma ¥). The same will repeat after rotation of certaimgla, such as 545 and they are denoted by
the lettera’, B, . The a and measurements provide information on the directieaaiation of the sub surface
apparent resistivityp@). The ¥’ measurement serves as a check on the accurattye of and3 measurements.
(Fig.2)

Apparent resistivity

EaAW
Py = ——
r 1)
Wherepa = apparent resistivity;
K = geometric factor for the array;
-V = potential difference, in volts; and

| = current magnitude, in amperes.

The geometrical factor (K) for square array is ghlted by using the formula

. 2wl
- 1
2 - (2 A
......... (2)
Where A= square-array side length, in meters [5],
Where N = bedrock anisotropy.
N =[(T +s)/(T - )]
......... (6)
Where T = A-2+B-2+C-2+D-2;
S =2 [(A-2-B-2)2 + (D-2-C-2)2]1/2
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The data generated for bed rock anisotropy (N) a@pplrent anisotropyad) by using the equation number, are
utilized to construct the diagram to characterimednisotropism of bedrocks in the study areas.stiobare array is
more sensitive to anisotropy than Schlumberger eniér array [7],[8],[2],[3] Plots of bed rock artisipy (N)
versus apparent anisotropyaj show high upward trends. The higher appareso&ioipy measured by square array
is an advantage because the anisotropy is ledy lixdbe obscured by heterogeneities in bed roc&werburden,
relief or electrode placement error [2] than theeotelectrodes arrays like Wenner or Schlumberger.

B M M N M B 4 3
'Clz. é‘@ Starting orientation
|
M
A ] 2 E A 1 EBatg. 2
Alpka Beta 3amma

Electrode configurations per Square array Current electrode configuration
AB = Curent electiodes for Crossed Square array

MHN = Potential electrodes
Alpha 1-4=Faq
Alpha' 5-8=Faq
Beta 1-2=Pasz

Second onientation

- rotated 45 degrees Eeta' F-b=Payq
about centes point Garmma 1-3
Garmma’ 5-7

Fig. 2. Shows Square array el ectrode arrangements.

DATA ACQUISITION OF APPARENT RESISTIVITY FROM SQUARE ARRAY METHOD
The starting orientation of square array is a@ifnin N-S direction. The apparent resistivity isasured from
perpendicular sides (alpha and beta) and diaggaahifha) of each square.

Figure.3. Squarearray electrical resistivity method data collection in thefiled

In each of the three experimental sites, azimwhahre array soundings were carried out for alpéia and gamma
array orientations. Depth wise apparent resistiwids obtained by varying spacing between 10-1#rapn interval
of 3.5, 10m, which resulted in twenty azimuthal @es with the each of the orientations. The saroeeglure is
repeated for alpha’, beta’ and gamma’ configurati(fig 2.).

INTERPRETATION

The apparent resistivity is calculated by multiptyiapparent resistance measured in azimuthal squag survey
with the configuration factor. Secondary porosigparent anisotropy, bedrock anisotropy are catedlaising
apparent resistivity. The calculated values webeltted and three types of graph were plotted. tihee types of
graphs are.

1.Anisotropy graphs.

2.Azimuthal polar plots
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3.Depth sounding graphs.

ANISOTROPHY GRAPH:

The calculated data of bed rock anisotropy (N) apdarent anisotropy are utilized to plot the anggmt graphs.
Anisotropy graphs are used to characterize tlimoanpism of bed rocks in the study area. Thespébtow high
upward trends. The higher apparent anisotropy $s measured by square array is an advantage bettaise
anisotropy is likely to be obscured by heterogeéesiin bed rocks or overburden. The higher anipgtiadicates
that the rock formations in the study area aresygotmetrical and aligned in different directions efdfore there is
high percentage of possibility of presence of gobwater in the fault zones [9],[10],[11]. Depth wizealysis of the
groundwater availability and the fault / fracturerds in the study area.
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Fig. 4. Plots showing upward trends for bedrock anisotropy (N) and Apparent anisotropy (A) measured for
rocksat 4a. Mangalagiri, 4b.Chandiragiri, 4c. Kovilpatti.

AZIMUTHAL POLAR PLOTS:

The apparent resistivity values calculated for thiee locations are plotted as Azimuthal graphsntthese
azimuthal plots in the study area three fracturedtions long with homogeneous rock mass are ifiethton the
basis of the relative of increasing order of apparesistivity values. This fracture zone detectéord rock mass
identification using polar plots considerably hetpsdentify the groundwater level in the studyaa(Eig.5)

The longest axis of the ellipse in the polar pludicates maximum resistivity of the rock mass. Whkien polar

diagram conforms to an ellipse, it is taken to espnt the anisotropy. The circular pattern of tlo¢ gxhibits rock

mass without fault / fracture orientation. i.e thek is isotrophic. The intersection of the fauldnes oriented in two
directions assumes the cross shape. Majority oéllises in the location 1 are in NESW and NW $€dlion and

three of the single faults are in NE SW directindicates that the fractures are oriented in NE $\ction. In the

second spot fractures are oriented in E-W direstihereas in the location 3, they are directed ipalong NS

direction (Tablel).
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Fig5. Showsthe pattern of Azimuthal apparent resistivity in Ohm-m plotted in different depths at 5a.

Mangalagiri, 5 b.Chandiragiri, 5 c. Kovilpatti.

TABLE 1: DEPTH AND ORIENTATION OF FRACTURES

Depth (m) and Orientation of features in

Depth (m) and Orientation of features

n Depth (m) and Orientation of feature

[

Pattern location MANGALAGIRI location KOVILPATTI in CHANDRAGIRI
50 - NE SW 245-NS 30-NS
90 - EW 130 - EW 150 - E-W
Elipse | 100 - NW SE 42- NE-SW
110 - NE SW
120 - NW SE
80 7,10.5,14,42, 90
140 31.5, 38.5, 42,45,49, 140
Circular 52.5,56,59.5,
63,66.5,70,
73.5,80.5,84
20 - NE SW 10 -NE-—SW
Single | 30 - NE SW 50 NE-SW
Fault | 40-NESW 35 -NS 110 -NW-SE
60 - EW
Double
fault 10

The circular patterns are seen at the depth of &hd1140 m in location 1. circular patterns arenfified in the
location 2 at the depth of 80m, 140m, and 150m.
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DEPTH SOUNDING

Depth sounding curve is plotted between apparesistigity and ‘A’ spacing. Plotting of ‘A’ spacingersus
apparent resistivity values obtained from alphphal, beta’, beta’ orientation imply the horizontesistivity zones.
In the square array, ‘A’ spacing is equal to defitie maximum resistivity in this area is 1275 ohn(Rig6.).
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Fig.6b.
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Fig.6. Depthwise variation azimuthal apparent resistivity vaules at 6a. Mangalagiri, 6 b.Chandiragiri, 6 c.
Kovilpatti

In the plot of the T location, we observed that there is a sudden dseseof resistivity values at the depth of 60 m
for alpha’ orientation and at the depth of 60m lieta orientation. It is an indication of the growader. At the
depth of 100m all the resistivity curves goes t ppleak and indicates the impermeable dry layeriwisicapable to
store groundwater with granitic rock.

The depth sounding plot for th&*2ocation shows a rapid decrease in resistivityatdepth of 56m in alpha, alpha’
orientations. The resistivity rises at the depth7@m for all the orientations. The existence ofugmwater is
observed between 77m and 180m in between the app@sstivity value of 1200hm.m. In the third certhe
alpha, beta orientations clearly show the watdetabthe depth of 80.5m.

DISCUSSION AND CONCLUSION

Azimuthal Square Array (DC) Resistivity method ised to study the fracture zone of the subsurfack tan
investigate the groundwater level of the (Mangaiadllage, Kovilpatti (Kalugumalai village) and l@ndragiri
Village) in and around Thoothukudi Area.

Mangalagiri is a high anisotropy region. High atispy implies the presence of rocks with differgttysical
properties in different orientations in the subaoef of the study area. Azimuthal polar plots shthas, In location
1 single faults are found between 20 - NE SW,-30E SW,40 — NE SW and 60m - EW at 60m depthiptdtial
features are identified between 50m - NE SW, 90BW, 100m - NW SE, 110m - NE-SW.

In the square array, the depth is equal to ‘A’ apgcPlotting of depth versus apparent resistivijues obtained
from alpha, alpha’, beta, beta’ orientations imiblg horizontal conductivity zonesSince, the study area is situated
in sedimentary and igneous rocks; the maximum dsmbapparent resistivity in this terrain is 1275%m and the
resistivity range for the conductivity zone is ardy fixed as less than 7 Ohm-m. Horizontal freetpermeability
independent of direction and also contribution freertical or steep fracture sets vary with azimatkating
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anisotropic distribution. The water table of thady area Mangalagiri Water table zone 1 at a dep80m or 264
feet and 110m to 120m / 363 to 396 feet. Mangalagiin high anisotropy region. High anisotropy imeplthe
presence of rocks with different physical propertie different orientations in the subsurface af 8tudy area.
Azimuthal polar plots shows that, In location 1gdnfaults are found between 20 - NE SW, 30 -3N¥,40 — NE
SW and 60m - EW at 60m depth.

Elliptical features are identified between 50m E SBW, 90m - EW, 100m - NW SE, 110m - NE-SW. tha
square array, the depth is equal to ‘A’ spacingitiPlg of depth versus apparent resistivity valobgined from
alpha, alpha’, beta, beta’ orientations imply tlegitontal conductivity zonesSince, the study area is situated
sedimentary and igneous rocks; the maximum recoag@arent resistivity in this terrain is 1275 Ohmand the
resistivity range for the conductivity zone is ardiy fixed as less than 7 Ohm-m. Horizontal fraetpermeability
independent of direction and also contribution freertical or steep fracture sets vary with azimatkating
anisotropic distribution. The water table of thedt area Mangalagiri Water table zone 1 at a dep80m or 264
feet and 110m to 120m / 363 to 396 feet. From todyson Azimuthal square array resistivity methaadhat
Magalagiri it is concluded that fresh water is itiised at a depth of 110m to 120m. The borehol#idg geological
data compared with geoelectrical logging. Theyartined good freshwater from the recommended getrial
site at Magalagiri site.

n

In Kovilpatti 2 single faults are detected at 3.51MN-S depths. Elliptical features are discoveae@4.5m — NS,
130m — EW, 42m - NE-SW. The apparent resistivigptiilys the upper layer clay and kankar depositgtiftkd the
resistivity ranges from 7-800hm.m. The range ofstesty of the freshwater horizon in the profil@ries from
110-124 Ohm in the intermediate layer of weatheyeelssic rock. The lower part of the charnockitekroccurred
in the range of resistivity ranges from 482 Ohm.m.

In 3 location of chandragiri village single faults @oend between Ellipses are noticed at 30m — NS5 E-W.

Single fault is in-between the depth of 10m E NsW, 50m NE-SW. The upper layer or the fiaselr covered
by clay and kankar deposits resistivity ranges fiorb30Ohm.m. The intermediate layer is formed by tivesed

gnessic rock with ground water the horizon resistiranges from 100-134 Ohm.m. The lower layer i@mtic rock

resistivity ranges from 200-489 Ohm.m.
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