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Abbe, A.M., Douagui, G.A., Onetie, O.Z. and

Kanga, K.C.G. (2025) Comparative Study of a The comparative study of electrical and hydrogeological soundings is being
Lithological Description by Geoelectrical carried out on the site of the Jean Lorougnon Guédé University in Daloa, in
and Hydrogeological Drilling in a Basement
Environment: Site of the Jean Lorougnon
Guédé University in Daloa (Centre-West of
the Ivory Coast). Open Journal of Modern the electrical surveys. The methodology is based on a comparative study of the

central-western Cote d’Ivoire. The aim of this study is to determine the simi-
larities in the weathering profile obtained by the hydrogeological surveys and

Hydrology, 15, 18-31. characteristics of the weathering profile (number of layers, thickness of weath-
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ering and number of water inlets). The results show that the electrical sound-
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Basement, Alteration Profile, Daloa

1. Introduction

There are several geophysical methods, including electrical resistivity. The latter
is widely used in the search for groundwater through the techniques of trailing,
sounding and electric panels. These techniques are highly suitable tools for con-
ducting a hydrogeological research programme, both to identify new resources
and to improve knowledge of an underground aquifer [1]. The use of these geo-
physical techniques is based on the study of an intrinsic property of geological
formations. This property varies with the water content and mineralisation of the
geological environment [2].

In contrast to boreholes, which provide real and direct information about the
subsurface, electrical boreholes provide an estimated and indirect approach to the
geometric characteristics of the subsurface. For some authors, such as [3], 1D elec-
trical surveys can lead to erroneous borehole locations. According to them, the
results of electrical surveys are often far from the realities on the ground and can
lead to negative boreholes. Also, the information (number of layers, thickness of
alterites, position of fractures or water inlets) given by the electrical survey is often
different from that obtained with the boreholes. This raises the problem of the
reliability of the interpretation of the results of electrical boreholes. To provide a
solution to this problem, we initiated this study, the subject of which is: “Compar-
ative study of a lithological description by geoelectrical and hydrogeological drill-
ing in a basement environment: site of the Jean Lorougnon Guédé University in
Daloa (Centre-West of the Ivory Coast)”. The aim of this work is to establish a
similarity between alteration profiles based on a hydrogeological and geoelectrical
survey. Specifically, the geometry of the alteration profile of the bedrock will be
determined from the electrical boreholes, the alteration profile will be identified
from the borehole logs and a comparative analysis of the results of the electrical
and hydrogeological boreholes will be carried out. Based on this study, it will be

possible to establish a hydrogeological log from a geoelectrical borehole.

2. Study Setting and Geological Context

Daloa is a town in central-western Cote d’Ivoire. It lies between longitudes 6°24'
and 6°29' West and latitudes 6°50' and 6°55' North. The town is home to the Uni-
versité Jean Lorougnon Guédé (UJLoG), our study area. The UJLoG covers an
area of 400 ha and is located to the north of the town of Daloa, in the Tazibouo
district (Figure 1).

About the climatic, the town of Daloa is under the influence of a transitional
equatorial climate (Baoule climate). The town’s hydrographic system is made up
of streams, giving it a scattered site of low-lying areas. These have been extensively

developed for rice growing and market gardening [4].
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Figure 1. Location of the Jean Lorougnon Guédé University in Daloa.

There are two main geological entities in the department. These are magmatic
rocks and metamorphic rocks. The geology of the Daloa department is known
from the work of [5] and [6]. The magmatic rocks encountered are of the plutonic
and volcanic types. They are mainly represented by granitoids. The composition

of these rocks varies from granite to granodiorites [7] (Figure 2).
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Figure 2. Géological formations of Daloa département [6].

3. Materials and Methods
3.1. Data

This study required two types of data: data from geophysical surveys and data
from boreholes drilled on the University site as part of the University development
project under the drinking water supply component. The geophysical data con-
sists mainly of apparent resistivity data obtained from 11 electrical boreholes.
These 11 electrical boreholes were the subject of hydrogeological boreholes. These

electrical resistivity and borehole data are mapped in Figure 3 below.
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Figure 3. Borehole and resistivity distribution map.
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3.2. Methods

3.2.1. Alteration Profile from Electrical Soundings

1) Electrical soundings

The electrical soundings, corresponding to a vertical investigation, were carried
out at the level of the conductive anomalies revealed by the electrical tracings. The
profiles obtained from the tracings were used to position the various electrical
boreholes carried out in the study area (Figure 4). The boreholes and electrical
profiles were carried out using the Schlumberger system. This device provides bet-
ter results and is easy to use in the field. This method is most recommended for
1D geophysical surveys in groundwater prospecting. The distance between the
current injection electrodes A and B was gradually increased, while keeping elec-
trodes M and N fixed (AB > 5 MN). This makes it possible to gradually increase

the depth of investigation. In this work, the distance between A and B varies from

2 to 300 m (Figure 5).
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Figure 4. Parallel profiles 10 and 11 showing some of the electrical soundings carried out.
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Figure 5. Illustration of electrical sounding using the Schlumberger configuration [2].
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2) Processing of electrical sounding data

The IPI2WIN software is used to process and interpret the sounding data nu-
merically. This software is used to represent the apparent resistivity data and in-
terpret the electrical sounding curves obtained. The aim is to create a model of
the subsoil made up of a succession of horizontal layers, each with a certain re-
sistivity and thickness (B), and then to calculate the response of this model (C)
[8] (Figure 6).

®

Sondage électrique Modeéle obtenu
Mesures de terrain par l'interprétation
du sondage électrique
1 r _—

Sondage électrique
fictif calculé &
partir du modéle

P
o { Ht 50 ohmm ,m
mma i o +
10' i 450 ohm:m h2 10°
E | > mE
< : 1 < -
o = ! o b
102 e P, 102
[ U Oohm'm h3
10° = ) 103 === ==ss
10 10 102 108
P, -
(ohm'm)

Comparaison entre
la courbe obtenue par calcul
et celle obtenue sur le terrain

La coincidence des courbes A et C
indique que linterprétation est correcte

Figure 6. Automatic interpretation of electrical sounding data [8].

3.2.2. Study of the Weathering Profile Based on Hydrogeological
Soundings

A macroscopic description of the rock samples taken during drilling is carried out
in the laboratory. These samples are taken every 1 m of depth. Observation of each
sample shows the changes and nature of the facies with depth. The nature of the
facies and the facies changes are noted along with their corresponding depth. This
makes it possible to establish borehole logs for each borehole. Water arrivals in
the alterites and bedrock are also mentioned. This can be seen from the volumes
of rock samples and the increase in the quantity of water. The parameters that will
be analysed and compared are the number of layers (Nc), the thickness of each
layer (Ec), the thickness of the alteration (Ea) and the depths of water arrivals
(Pae).

4. Results and Discussion

4.1. Geometry of Weathering Profiles from Electrical Soundings

The electrical sounding curves used in this study are of the KH type. It is
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characterised by 4 layers of ground. These electrical sounding curves have a «bell
shape and then the shape of the bottom of a boat» (Figure 7). This curve also
characterises terrains with great depths of weathering.

1000% : ; ]
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Figure 7. Electrical sounding curve (SE13).

The alteration profile obtained from the quantitative interpretation of the electri-
cal soundings also shows four (04) layers. These layers are shown in Figure 8. The
thickness of this zone is highly variable, ranging from 2.83 to 26.2 m, with resistivi-
ties ranging from 782 to 2183 Ohm.m. Horizon three (03), with a lower resistivity
(58.8 to 628 Ohm.m), corresponds to a sandy clay or arenaceous zone. It is thicker,
ranging from 14.5 to 35.9 m. The fourth horizon corresponds to granitic rock, the
resistivity of which varies greatly depending on the quality of the bedrock. It varies
from 690 Ohm to 8692 Ohm.m, corresponding to a healthy bedrock.
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Figure 8. Interpretation of electrical sounding curves SE50, SE26 showing fractures.

4.2. Geometry of Weathering Profiles from Hydrogeological

Soundings

The alteration profiles of the hydrogeological soundings made it possible to dis-
criminate the number of layers (Nc) observed as shown in Figure 9. 4 to 5 litho-
logical layers were observed and described from the rock samples taken during

the hydrogeological sounding. The first layer is characterised by the vegetation
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cover, which varies in thickness from 0 to 1 m. Then a second layer characterised
by clays of varying nature. It may be lateritic, ferruginous or lateritic clay. The
third layer is sandy, sometimes with mottled clay. Finally, the fourth and fifth lay-
ers are arenic and fractured granitic bedrock respectively (Table 1).

Table 1. Lithological description of hydrogeological soundings.

Couches Nature des couches Epaisseurs (m) Sondages hydrogéologiques
C1 Top soil 0-1 F1, F2, F3, F4, F6, F7, F8, F9, F13, F14
Lateritic cuirass 1-3 F13
C2 Ferruginous cuirass 1-15 F7
Lateritic clay 1-25 F2
Colourful clay 1-30 F1, F2, F3, F4, F6, F8, F9, F13, F14
C3 Clay sand 23-33 F1
Oxidised coarse sand 3-25 F13
C4 Sandstone arena 15 -48 F1, F2, F3, F4, F6, F7, E8, F9, F13, F14
C5 Granite fracture 21-117 F1, F2, F3, F4, F6, F7, F8, F9, F13, F14
Log F3 Log F4 Log F6
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Figure 9. Alteration profiles of hydrogeological soundings with four to five layers.

4.3. Comparative Analysis of Electrical Sounding and
Hydrogeological Sounding Results

This part of the study is based on a comparison of three parameters, namely the

number of lithological layers, the thickness of weathering and water inflows.

4.3.1. Number of Layers

The histogram in Figure 10 shows that the number of layers of electrical sounding
and hydrogeological sounding carried out at the Jean Lorougnon Guédé University
in Daloa is identical for 6 pairs of soundings, 60%. These are the pairs of boreholes
(SE2; F4), (SE6; F9), (SE10; F3), (SE13; F6), (SE23; F7), (SE26; F14) et (SE37; F15).
However, these results are different from those for which the interpretation of the
soundings reveals 5 layers. There are 4 pairs of surveys, 40%. These are the pairs
(SE5; F13), (SE9; F2), (SE17; F1) and (SE50; F8).
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Figure 10. Histogram comparing the number of layers observed between electrical sound-
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4.3.2. Alteration Thicknesses

The histogram in Figure 11 shows that the thickness of alteration varies from one
borehole to another and from one electrical sounding to another. It ranged from
18.3 to 53.5 m for the geophysical boreholes and from 21.28 to 54.27 m for the

hydrogeological soundings. The difference between the alteration values is not
significant enough for the pairs of boreholes analysed. The range is between 0.7
and 8.57 m. With the exception of electrical sounding SE50 and hydrogeological
sounding F8, where we observed alteration thicknesses of 32.3 m and 23.73 m re-
spectively, Ie. a difference of 8.57 m. The other couples (SE_F) show a difference

in weathering thickness of less than 3 m.
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Figure 11. Histogram comparing alteration thicknesses for each pairing (SE_F).
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4.3.3. Depth of Water Inlet

The depth of water arrivals is identified by the fractures encountered on the
sounding curves, which fractures are also identified by the arrivals during hydro-
geological sounding. The position of these fractures on the electrical sounding
curve is linked to disturbances (change of trend, break or slope on the curve) on
the rise of the curve at bedrock level. It is also linked to the dip of this rise. In the
boreholes drilled, the depth of the water arrivals corresponds on the whole to the
depth identified on the electrical sounding curves. Major fractures were identified
at depths exceeding the total depths of the boreholes. Table 2 compares the vari-
ous fracture depths obtained with the boreholes and those identified on the elec-

trical sounding curves.

Table 2. Position of the various fractures interpreted in the electrical soundings and observed in the boreholes.

Couples Depth of investigation (m) Fracture depth (m)
SE17 150 55 70 90 100 130
SE17_F1
F1 95.92 63 83 85 92
SE9 150 65 80 90
SE9_F2
F2 120 61 77 83
SE10 150 50 70 80 130
SE10_F3
F3 117.29 54 68 83
SE2 150 60 70 80 100 130
SE2_F4
F4 105.98 63 73 85 98
SE13 120 60 70 90
SE13_F6
F6 118.16 58 86 93
SE23 150 32 50 70 100 130
SE23_F7
F7 92.88 33 39 53 72
SE50 150 55 80 130
SE50_F8
F8 115.71 50 75
SE6 150 60 70 90 100
SE6_F9
F9 123.22 65 76 85
SE5 150 55 70 95 120
SE5_F13
F13 93.04 58 76 90
SE26 150 60 70 100 130
SE26_F14
F14 107.87 56 74 98 103
SE37 150 50 60 70 90 120
SE37_F15
F15 128.05 52 76 118

5. Discussion
5.1. Geometry of Alteration Profiles from Electrical Soundings

The geoelectrical boreholes analysed are of type KH. According to this study, these
boreholes are characterised by 4 ground layers. This type of electrical sounding
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curve is also obtained in other localities in Cote d’Ivoire, belonging to the base-
ment domain. Examples include the departments of Dabakala [9], Sikensi and
Tiassalé [1], the Bandama valley region [10] and the N’Zi-comoé region [11]. The
first layer is topsoil. It is thin, around 0 to 1 m thick. Its resistivity can reach 300
Ohm.m depending on climatic conditions. According to [12], this layer is some-
times less perceptible on geoelectrical profiles. In the N’Zi-Comoé region, [12] got
results. Similar. The second layer is characterised by clay formations which can
vary from lateritic or cuirassed clays to bariolated clays. The thickness of this zone
is highly variable, ranging from 2.83 to 26.2 m with a resistivity ranging from 782
to 2183 Ohm-m. This resistivity is all the higher when the first level of clay is ar-
moured. Layers 3 and 4 correspond respectively to sandy clay followed by gravelly
arena. This level is highly conductive, as it is sometimes supplied with water and
can be used as a catchment area for boreholes for human-powered pumps or farm
wells. Layer 3 rests on the fourth layer, which is the bedrock. At the University of
Daloa site, this bedrock is granite. Its resistivity varies from 690 Ohm-m for a frac-
tured rock that may be a groundwater drainage channel to 8692 Ohm-m corre-
sponding to a healthy bedrock. Fractures in bedrock are marked by disturbances
in the rise of the curve or by a rise slope of less than 45° [12]. believes that whatever
the geophysical method used, the analysis of the results of a measurement will be
greatly enhanced if a reconnaissance borehole is available to enable the interpre-
tation of the geophysical data to be calibrated.

5.2. Geometry of Weathering Profiles from Hydrogeological
Soundings

The results of the geophysical soundings obtained were validated by hydrogeolog-
ical soundings. These results showed that the lithological sections from the hydro-
geological soundings show 4 to 5 layers. The difference in layers is due to the dif-
ferentiation of the layers, which can be seen in the rock samples obtained. Using
the resistivity method, it is difficult to distinguish between two layers by their col-
our or their water saturation level. Drilling reveals four to five distinct layers, as is
the case in the basement regions of Cote d’Ivoire [13] and [14]. The thicknesses
of the layers vary for layer 1 from 0 to 1 m, for layer 2 from 1 to 3 or 15 m, for
layer 3 they vary from 1 to 33 m and from 15 to 48 m for layer 4. Some boreholes
such as F1, F2, F3, F4, F6, F7, F8, F9, F13, F14 showed 5 layers. The thickness of
these layers varies from 21 to 117 m. In the N’Zi-Como¢ region, [11] has shown
that the lithology of certain boreholes has 5 layers.

5.3. Comparative Analysis of Electrical Sounding and
Hydrogeological Sounding Results

The comparative study validated the results obtained from the geoelectrical sur-
veys. These results showed that 63% of the geophysical soundings identified the
same number of layers as the hydrogeological soundings. The results of the elec-
trical soundings do not always agree with the borehole readings. There are two
reasons for this: the water content of the formation and the nature of the geological
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environment. These two factors affect the behaviour of the electrical sounding
curve. Drilling allows direct observation of the alteration profile. Electrical sound-
ings allow indirect recognition of the alteration profile on the basis of analyses of
geoelectrical responses of the subsoil, translated into electrical sounding curves.
On this electrical sounding curve, the presence of a single slope means that there
are two superimposed terrains with different electrical properties. The change in
slope on the curve marks a change in geological layer. For example, we go from
two horizons to three horizons. This change in slope does not always correspond
to a change in geological layer. It often corresponds to a change in the water con-
tent in the same geological formation. In the same horizon, we go from a saturated
zone to an unsaturated zone and vice versa [1].

This same comparative study showed that the alteration thicknesses obtained
from the geophysical soundings and those obtained from the hydrogeological
soundings vary between 0.7 and 8.57 m. Comparative analysis of the water inlets
also shows that the number of water inlets and the depth of these water inlets is
almost identical for both the geophysical and hydrogeological soundings. These
fairly convincing results show that the thickness of alteration, the number of lith-
ological layers, the depths and the number of water arrivals can be predicted by
geoelectrical drilling. This means that it is possible to assess the productivity of
water boreholes from the analysis of electrical sounding curves [2]. [15] has estab-
lished a mathematical equation for estimating productivity based on geophysical

parameters.

6. Conclusions

This study is being carried out at the Université Jean Lorougnon Guédé (UJLoG)
in Daloa (central-western Cote d’Ivoire). The aim is to compare the weathering
profile obtained by drilling and electrical sounding. The results of 11 boreholes
drilled using geophysics are compared with the results of the corresponding elec-
trical soundings. The aim is to compare the characteristics of the weathering pro-
file commonly obtained during hydrogeological sounding and electrical sound-
ing. These are: the number of layers, the thickness of the alteration and the depth
of the water arrivals. Prior to the installation of the boreholes studied, electrical
sounding was carried out using a Schlumberger device, with the distance AB (elec-
tric current electrodes) varying between 2 and 300 m and the distance MN (po-
tential electrodes) varying between 0.8 and 20 m.

The electrical sounding curves obtained in this study correspond to a single
family of curves. These are type KH electrical sounding curves. These sounding
curves correspond to an alteration profile, in the middle of the bedrock, with four
distinct horizons, as shown by some of the boreholes drilled at the level of these
electrical soundings. The superficial horizon (first layer) corresponds to topsoil or
vegetation and is less than 1 m thick. Beneath the topsoil is a thick lateritic or
variegated clay formation (second layer), around twenty metres thick. This layer

is often coupled with a sandy clay facies. This is followed by an intermediate zone
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(third horizon) between the fractured granitic bedrock and the overlying alterites.

This is the granitic arena, between 8 and 30 metres thick. The weathering profile

observed from the boreholes and that obtained from the electrical soundings is

identical. However, there are some differences in the number of layers, the thick-

ness of the weathering and the depth of the water inlets.
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