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AbstractThis study aims tamprove knowledgeof fractured aquifers in the bedrock formations in the
Agnibilékiou department (East Céte d'lvoire). Its main objective is to map the network of fractures in crystalline
and metamorphic rocks using an approach integrating remote sensing and geophysics.

The processing of Landsat 7 ETM + satellite images made it possibighlight the lineaments network. The
rosettes produced show five (5) predominant directional classes of lineaments which are in order of abundance
NWSE (N120N150), NS (NEIN10), NESW (N46N60), NNWSSE (N150N180) and NNESSW (N1N40).

These direébns were confirmed by geophysical work carried out on three sites (3) chosen in the study area.
The resistivity and chargeability maps established made it possible to identify certain minor directions on a
regional scale. This is the case of th&\Ediredsion (NBGN100O) observed in Mossi kro ar
fracturing density map produced showed a spatial variability of the fractures. The positioning of certain holes
already drilled on the fractures testifies to the presence of groundwater. Thesardsacould therefore
constitute interesting aquifers for the supply of drinking water to populations.
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I. Introduction

As a natural resource essential for the good functioning of living beings, water continues to be at the
centraldevelopment policies. Less vulnerable to various types of pollution, groundwater is the main source of
drinking water for the Ivorian populationThey have the advantage of being sheltered from seasonal
fluctuations**% However, problems with the supply of drinking water to certain localities, notably those of the
Agnibilékrou department, have been noted. ILO social services mapping has telabwwame primary schools
like Kongodja and Damé do not have potable water. In search of water for their families, some pupils return
very late for afternoon lessons or never return. Faced with this deplorable situation, the sustainable supply of
drinking water to the populations necessarily requires better knowledge of the fractured aquifers of
Agnibilékrou department. The complexity of water flows in geological terrain in fractured environments has
favored a combination of appropriate prospecting teclasigthereby helping to improve the success rate of
drilling>3*®” The present study therefore aims to map the fracture network using the Landsat7 ETM + satellite
images and electrical methods.

Located at 270 km from Abidjan, in the east of Cote d'bjoretween latitudes 6°46 and 7°22N and
longitudes 3°04 and 3°40 W, the department of Agnibilékrou belongs to the region of Djidalidin (Figure
1).

Geological formations were structured during the Eburnian orogeny and are of Proterozoic age. Several
works® have focused on the geology (petrography and tectonics) of this region. It turns out that tectonics is
polyphase and has resulted in the establishment of many fractures of varying sizes ranging from a few meters to
several kilometers. The formatis in this area have been affected by a regional metamorphism. From a
petrographic point of view, the granitoids estimated at 9% and the vedeainmentary formations composed of
80% schists and oriented NEW are the main geological formations encoumnténeghe study area (Figure 2).
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Figure 1: location of the study area
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Figure 2 :geological map of Agnibilékrou departm&nt
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Il. Material And Methods

2-1 Satellite images

The LANDSAT ETM + 7 satellite images used come frima georeferenced scene 185 Their processing

was done in different stages summarized in figure 3.

Landsat7 ETM
image (scene 195
55)

Image transformation and
processing (Principal
component analysis; Dynamic

spreading; Colored
compositions and Sobel
directional filters)

lineaments map

Validation

Fracturing Map

Figure 3:Landsat7 ETM + image processing techniques used in Agnibilékrou department

2-2 Electrical methods
2-2-1 Electric profiling

The electric profiling provides qualitative information on lateral variations in the electrical properties
of the subsurfad@1#13415 |t allows to follow the lateral continuity of a layer and to highlight the areas of
geological discontinuities. ltonsists in moving the ABMN quadrupole of fixed dimensions along a path
paral |l el to itself. At each station, we measure the
determine the apparent resi st i vietdgvice( Tha jneadutechvaluesve as si
correspond to resistivity valueser a constant depth of investigation.

In the field, the surveys were carried out on 3 different sites according to the fracturing density
obtained from the lineaments map produced by tersensing. These sites concern the localities of Siakakro,
Néguessankro and Mossi kro (Akpouesso). El even (11) pe
each site. The middle profile, 3000 meters long, was used for injecting electrieaitairthe ends. The current
injection was carried out with the rectangular gradient device. The characteristics of thisadeid® / 2 =
1500 m and MN = 20 m. The data of electrical profiling was processed with Geosoft software in order to
establish esistivity imaging

2-2-2 Induced polarization

A continuous current was injected into the subsurface for a certain period of time and the potential difference
was measured. Schlumberger (1930) showed that the potential does not return to zero ingsintiter the

injection current is cut off, but it decreases rapidly until reaching a value V then it decreases almost
exponentially over time. This decrease or relaxation is observed and recorded to calculate the apparent
chargeability of subsurface.

Chargeability M (&4 &/ @) is defined as the ratio between the secondary voltagecy) measured after

switching off the current at a time t and the primary volimge) measured just before the cutoff of the injected

L Oy e
current:d = o ®(0). D
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lll. Result

3- Results and interpretation
3-1 Lineaments map of Agnibilékrou department

Figure 4 shows the lineaments map obtained after the extraction of the different lineaments on the
Landsat ETM + 7 images. The identifitdeaments form a very dense network of different size and direction.
The influence of several tectonic phenomena would be at the origin of the intense fragmentation of geological
formations. This map of the lineaments network is not exhaustive, butérysrepresentative of the region
studied.
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Figure 4 :lineaments network map of Agnibilékrou department

3-2 Fractures identification by electrical methods
The resistivity and induced polarization maps were performed on three (3) sites where dersigh of
fracturing was observed by remote sengifigure 1)

A- Siakakro Site

The apparent resistivity map (Figure 5) highlights elongated structures distributed in two (2) different
resistivity domains. A resistant domain is located to the north, sothnathe central part of the site studied.

The conductive area occupies the eastern and western parts of the study area. The resistivities vary from 3143.8
to 10047.1 q. m.

The resistive domain has a resistivethgrelatifeych var |
conductive domain is materialized by athiswariatiornis t resi
translated by the colors yellow to magenta for resistant structures and blue for conductive structures. The green
screen indicate$he apparent resistivities of the intermediate formations.

The apparent chargeability map (Figure 6) highlights polarizable (loadable) structures. The
chargeability valuesary from 2.5 to 10.8 mV / V. These elongated structures are divided into thieE-&)\V
oriented polarizable corridors which alternate from the North West to the South East with the weakly
polarizable corridors.

The low chargeability valueare represented by the color blue on the induced polarization map. This
weakly polarizable doain is materialized by two (2) elongated structures with low or intermediate resistivity
corresponding to the sandjay formations.

DOI: 10.9790/099812010720 www.iosrjournals.og 10| Page



Contribution Of Landsat 7 Etm + Satellite Images And Electrical Methods To The Structural

472000 472200 472400 472600 472800 473000 473200 473400
T T T T T T

100471
9663.5
9280.0
8886.5
8513.0

- o 8129.4

- o il - . 77459

§_u R Sy, . R g 7362.4

g p . . g 69789

6595.3

6211.8

5828.3

54448

5061.2

4677.7

4284.2

3810.7

3527.1

3143.6

RESISTIVITY|

L
000¥8L

Resistant axes

~ —
5

14 ]
Conductive axes
=]

763600

Interpreted faults

! 1 1 - ! ] 1 !
472000 472200 472400 472600 472800 473000 473200 473400

. FHB UNIVERSITY
SCALE : I~ UFR STRWAPPLIED GEOPHYSICS LABORA TORY
100 0 100 200 300 ELECTRIC SURVEY
e e

RESISTIVITY MAP

(meters) SIAKAKRO/AGNIBILEKROU GRID
WES 84/ UTM zone 30N TANIKF

Figure 5: apparent resistivity map of Siakakro site

472|DDO 472‘200 472400 4721§00 472800 473000 473';00 473400

764800
008F9L

764400
00rraL

764000
© 000p9L
r
o

HARGEABILITY

Polarizable axes

N —

763600

& Non-polarizable
e axes

Interpreted faults

I I i I 1 1 1 -
472000 472200 472400 472600 472800 473000 473200 473400
SCALE : FHB UNIVERSITY
UFR STRM/APPLIED GEOPHYSICS LABORATORY

100 0 100 200 300 ELECTRIC SURVEY
e CHARGEABILITY MAP
(meters) SIAKAKRO/AGNIBILEKROU GRID
WGS 84/ UTH zora 30N TANTKE

Figure 6 : chargeability map of Siakakro site

The highchargeability valuesre represented by the colors changing from yellow to magenta. This polarizable
domain materialized by three (3) elongated structures occupies the Center, thé/Nsirdnd the Southast of

the site of Siakakro.

The PP anomaly lotad in the Center is the most important because it crosses all the profiles and has a
pronounced width. With regular contours, this anomaly is affected by many distortions. It corresponds to a
resistant zone on the resistivity map and could reflect theepoe of metallic particles in metamonzogranites

and muscovite metagranites.

The PP anomaly located to the northwest has a less pronounced width than that of the Center. It crosses all the
profiles, fading in places. This is explained by the fact thataffected by many distortions.
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The PP anomaly located in the Southeast is as wide as that of the Center. However, it does not cross all the
profiles, especially in the eastern part.

B- N6 Guessankro site

On this site, the apparent resistivities vary from%16.t o 3917 .4 qgq. m whi lvaey t he c¢ h,
from 3.8 t0 9.4 mV / V. (Figures 7 and 8). The resistivities are relatively low compared to those observed at the
Siakakro site. These resistivities are due to the presence of the dominant metaamemig¢ssiltites, the main
geological formations encountered.

The high resistivities represented by the colors yellow to magenta correspond to the resistant formations
while the low resistivities, represented by the blue color, correspond to the condiactivations. The
resistivities of the intermediate formations are translated by the color green.

Resistant formations with high chargeability (6.9 to 9.3 mV / V) are very pronounced in the northeast
and extend to the west. The resistant formation obsenvegtiNortheast has a discontinuous axis. This testifies
to the presence of fractures.

Two (2) conductive formations are observed at t he
located in the Southeast and is oriented SWE. It generally has avochargeability (3.8 to 5.4 mV / V).

Also elongated in the same direction, the second conductive structure is located to the northwest. It is
less pronounced and seems to extend over the neighboring area not covered by this site. However, it has a high
chageability.
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Figure 7: apparent resistivitymapf NOo gusts sankr o
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Figure8:char geabi lity map of Noébguessankro si

C- Site de Mossikro

Depending on the apparent resistivity, three (3) categories of formations are observed on this study site (Figure

9).

The colors yellow to magenta express the presence of resistant formations while the color blue translates the
presence of conductive foations.These two formations are separated by intermediate formations materialized

by the color green. Compared to the apparent resistivities of the two (2) previous sites, the apparent resistivities

of the Mossi kro site (12lkequd tothose meastired of theNgoessankro site s ub s
(916.7 to 3917.4q .m). This result confirms the prese
Unlike previous sites, the chargeability valaes relatively low. They vary from 2.5 5 mV / V (Figure 10).

This could be explained by a low clay content and a predominant presence in sandy rock. The low chargeability
valuesare represented by the blue color while the high valuesrepresented by the colors changing from

yellow to magenta. The polarizable and rpaolarizable structures are distributed throughout the site.
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