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13 Abstract

14  Drinking water supply in the Lobo catchment is based mainly on surface water. In recent years, the
15  adverse effects of climate change and strong population growth have led to increasing uncertainty
16  about the availability of surface water and growing interest in groundwater in this region. Therefore,
17  to ensure sustainable management of this resource, it is necessary to characterise and understand
18  this groundwater system. This characterization requires knowledge of the geometry and structure of
19  this aquifer system, which is a prerequisite for ensuring future water supply from groundwater
20 resources. This aquifer system, which is the subject of this study, has never been the subject of a
21 study aimed at characterising it and getting to know it better. This study aims to improve the
22 knowledge of this aquifer system by elaborating the geometry of this aquifer system through the
23 study of drilling data and electrical resistivity tomography (ERT). The results show that weathering of
24 the granitic rocks in the Lobo catchment leads to the development of composite aquifers at two
25 levels: a shallow saprolite aquifer overlies in places by a thick layer of ferruginous crust, and a
26  deeper and very thick fractured aquifer. This shallow weathering aquifer, fed directly by
27  precipitation, is tapped by conventional large diameter wells that are generally not immune to
28  seasonal fluctuations. For sustainable management of this resource, an assessment of its recharge
29  should be undertaken in addition to this study of the geometry of this aquifer system. The results of
30 this study of the geometry of the Lobo catchment aquifer system improved the understanding of this
31  aquifer system and will assist in groundwater exploration in this area.

32 Keywords: Fractured aquifer, Lobo catchment, Climate change, Saprolite, Electrical resistivity

33  tomography

34 Introduction

35 Water is an essential element, indispensable for life, for natural ecosystems and an undeniable
36  socio-economic asset [1]. It is source of life and the most important factor in achieving sustainable
37  development. However, in developing countries such as Cote d'lvoire, access to this resource is not

38  always guaranteed due to the negative impact of climate change [2]. In Cote d'lvoire, the bedrock is
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97.5% crystalline rock. Therefore, the drinking water supply of large cities is generally provided by
large surface water bodies. Due to their low productivity, groundwater from these crystalline
bedrock aquifers is generally used to meet the water needs of the rural population [3, 4]. However,
in the context of the climate change negative impacts, these geographically well distributed aquifers
[5] have been used in recent years as an alternative source of water in several major cities in Cote

d'lvoire.

Daloa, the third largest city in Cote d'lvoire and the economic center of the Lobo catchment
area, has experienced problems with access to drinking water. Indeed, the reservoirs built at Lobo
River for supplying drinking water to the major cities, is subject to numerous anthropogenic
pressures. For example, Vavoua, the second largest city in the area, has abandoned its water
reservoir at Lobo River due to advanced eutrophication and has turned to groundwater resources
[6]. Therefore, the drinking water supply for the population in this area is currently provided by
several drillings. To compensate for the recurrent water supply problems in Daloa, the authorities
are considering using groundwater as an alternative source to improve the drinking water supply in
this town and its surroundings. For sustainable management of this resource and to improve the
success rate of drilling in the area, a detailed knowledge and understanding of groundwater
dynamics and key hydrogeological processes is required [7]. [8] have shown that the main cause of
drilling failure in crystalline rocks is weak understanding of the aquifer system. According to [9], the
hydrogeology of bedrock aquifers is highly dependent on the overall evolution of weathering, its
depth and spatial distribution. The thickness and lateral extent of the weathered zone that control
the storage capacity of this aquifer system and the yield of wells in this zone depend mainly on the
available saturated thickness. In weathered zones, where the original texture of the source rock is
completely destroyed, and which generally have low porosity, the yield of these aquifers is low.
However, the presence of fractured zones enhances the storage and flow of groundwater, generally
received through the overlying weathered zone. In these areas, fractures and vertical joints
immediately beneath the weathered zone generally convey water to a deeper fracture network that

controls the movement and direction of groundwater flow [10].

However, no studies have been conducted in Lobo catchment to characterise this aquifer
system and understand the various hydrogeologic processes. Basic information such as the geometry
of the underlying aquifer is required for planning sustainable groundwater management strategies in
the Lobo catchment [11]. In this regard, geophysical surveys such as electrical resistivity tomography
(ERT) and information from drilling logs in the area, may be important [12,13]. Electrical resistivity
tomography (ERT) is an effective tool for studying the hydrogeological properties of the subsurface
[14]. This technique is not only provides the geological structure but, in addition, it can reveal

information about possible groundwater occurrence. The applications of this technique, which has
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been used for many years, have increased due to advances in data acquisition techniques, and
computer technology for their processing [14]. Therefore, it has become more accurate and efficient
to map the complex and small-scale geological features [15]. Geophysics, especially electrical
resistivity tomography (ERT), is a highly recommended tool for groundwater prospecting in
crystalline bedrock [16]. This technique can be used to determine the exact location of geological
discontinuities with greater accuracy and locate areas of high hydrogeological interest [16,17]. In
addition, this technique can be successfully used to characterise areas of weathered rocks, as a
pronounced contrast can be clearly observed when fresh rocks are reached [14]. In the Lobo

catchment, this technique has never been used to characterise this aquifer system.

The objective of this work is to use electrical resistivity tomography (ERT) data to characterise
the geometry of the aquifer in this area and validate this geometry using drilling data. The geometry
of this aquifer system to be characterise can contribute to the creation of a conceptual model that

can be used to develop a sustainable management plan for this resource.

Study area

Lobo catchment area is located in central-western Cote d'lvoire, between 6°05' and 6°55' west
longitude and between 6°02' and 7°55' north latitude. This area is bordered by the regions of upper
Sassandra, of which Daloa is the regional capital, and part of Worodougou (Séguela). The catchment
area has a surface area of 7,000 km?2. It is drained by the Lobo River and its main right tributary, the
Dé. The average rainfall during 1971-2016 is about 1,330 mm/year and the average temperature is
25°C. The population is estimated at about 1 million inhabitants, with an annual growth rate of 3.1%
[18] of which 49% live in the department of Daloa. The drinking water supply for the population of
the catchment is provided by both surface water and groundwater. The geological formations of the
Lobo basin belong mainly to the Precambrian basement and are divided into two main groups:
igneous rocks, which consist mainly of granite, and metamorphic rocks, which consist of shale.

Granitic rocks cover about 95% of the area [19] (Fig. 1).
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Fig.1. Geological formations of the Lobo catchment

Material and Methods

The sites investigated in this study were selected after preparatory work. As a first step, a
campaign to collect drilling logs was organized and an interpretation of aerial photographs of the
area was made. Then, field visits were organized to get an idea of the geomorphology, weathering
profile at the outcrops in the area and the condition of the existing boreholes. Finally, 1D electrical
surveys were carried out and an analysis of these results was undertaken to select points for ERT
surveys.

Drilling data were collected by the Territorial Directorate of Human Hydraulics (DHH) based in
Daloa (capital of the region of upper Sassandra). These data were obtained from the analysis of 315
villages and urban files. Of the 315 drillings data sheets that existed prior to this study, only 159
boreholes have complete data. As a result of the study, 16 new wells were drilled and their data
sheets were also used to improve our analyses. A total of 159 drillings data sheets were used in this

study (Fig. 2).
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Fig.2. Drillings location of the Lobo catchment

The methodological approach used in this study consisted first of analysis of the lithologs and
cuttings, to determine the nature and thickness of the differents layers of the weathering profile and
the lithology of the parent rock. Then, vertical electrical soundings (VES) were carried to determine
the different electrical resistivities of the main geological formations. Finally, 2D electrical resistivity
tomography (ERT) sections were determined and geologically classified based on the corresponding

layers of the weathering profile derived from the electrical logs.

The elaboration of the structure of the weathered zone was based initially on the interpretation
of 159 logs from old boreholes and secondly on the interpretation of the electrical logs recorded in
the 16 new unequipped drillings. The interpretation of these lithologs was improved by the use of
additional drilling data (drilling rate and change of drilling tools) and outcrop observation. Drill
cuttings were examined to assess the nature and geometry of the various components of the

weathering profiles corresponding to the geological formations in the catchment.

Electrical resistivity methods are used as described in [20]. These methods consist of injecting a
direct current into the soil with electrodes A and B and measuring the difference in electrical
potential between the other two electrodes M and N. In this study, Schlumberger array
configuration was used for the vertical electrical soundings (VES), with a maximum electrode spacing
(AB/2) 200 m. All measurements were made with SYSCAL Pro. The location of the VES was based on

the information available from the drillings logs of the different sites surveyed [21]. This is to

5



134
135

136

137

138

139

140

141

142

143

144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

quantify the thickness and resistivity of different layers of this aquifer system. The values of

apparent resistivity (pa) obtained from the survey are estimated as follows (equation 1) [20]:

(AB/2)’~(MN/2)?’| 'V
MN I

p, =k (1)

Where:

Pa: the apparent resistivity in Q.m,

V: the difference of potential in volts (V) measured between the potential electrodes,
I: the applied current strength in ampere (A).

AB: the distance between current electrodes in meters (m),

MN: the distance between potential electrodes in meters (m).

The interpretation of sounding data is done with the software IPI2Win.

Wenner, Schlumberger, pole-pole, dipole-dipole and pole-dipole arrays are the most commonly
used for 2D resistivity measurement. In this study, the pole-dipole arrays has been used for
differentiating complex geological structures [22]. The pole-dipole array was used because it has
much higher signal strength to obtain high resolution of 2D ERT data, as well as higher vertical
sensitivity and great depth of investigation [23]. The multi-electrode resistivity technique uses multi-
core cables (SYSCAL-Pro from Iris instrument) with as many conductors as electrodes plugged into
the ground at fixed spacing. The SYSCAL-Pro was coupled with two (2) or four (4) electrical cables
depending on the depth of interest. In this study, two sets of profile lengths (240 m and 480 m) were
applied depending on the availability of lateral space for deployment of the required cable length.
For a 240 m profile investigation, two (2) cables of length 120 with minimum takeout separation of
2.5 m were connected on either side of the SYCAL-Pro along a chosen direction. On the other hand,
for a 480 m traverse investigation, four (4) cables each of length 120 m with minimum electrode
takeout of 5 m were connected on the flip side of the resistivity meter. A total of 96 electrodes were
used with an electrode at infinity (1 km). This configuration was chosen for the study to increase the
depth of the cross-sections [24]. Fig.3 shows the different sites surveyed. RES2DINV software [25]
was used to invert the apparent resistivity values into a resistivity model section. The least-squares
fitting technique [26] was used to obtain the best fit for the resistivity model. A series of iterations
were performed until the difference between the model response and the measured data was
minimal. This difference is quantified in terms of a root mean squared error value (RMS) (equation

2).



167 RMS = (Qi=1(Xdata,i—*modeLi)* ) (2)

Ydata,i
N
168 where N represents the total number of measurements,
169  x44, : field data,
170  xmoqe : Simulated data
171 However, as it has been shown that low values of RMS do not guarantee that the model

172 provides an accurate representation of the subsurface [27], it is still important to refer to lithologs
173  when calibrating geophysical data. The geophysical models obtained by inversion were clustered
174  according to the resistivity ranges [28] corresponding to the saprolite, fractured and fresh rock layers

175  determined from the electrical resistivity logs.
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Results

Lithostratigraphic description

The analysis of the 159 lithologs shows that the weathering profile of the Lobo catchment
corresponds to a classical horizontal structuring. The analysis of these different sections revealed a
general heterogeneity between the different profiles. However, four different horizons can be
deduced from these profiles. Thus, the topsoil is the identified surface horizon, its thickness varies
from 0 to 1.5 m and can be up to 2.5 m. It is usually located above the saprolite layer. The
lithological structure of our study area, from top to bottom, is as follows:

v" The ferrous crust: ferruginous in its upper part and clayey in its lower part. It is not always
visible at the outcrop, but has a thickness that varies between 4 and 5 m and can be up to 10 m. It
covers the saprolite layer. When this layer is exposed, it reduces the penetration of water into the
ground.

v" The Saprolite layer: it can be divided into two sublayers. The alloterite sublayer (rich in clay)
and the isalterite sublayer (rich in sand). The average thickness of the saprolite is 35 m and varies
from 18 to 58 m in depth. The alloterite layer has an average thickness of 21 m, but can reach 40 m.
It is generally composed of lateritic clay with some sand grains, but the fresh rock is not evident in
this layer. The isalterite layer has an average thickness of about 10 m, but can reach 28 m. It
generally consists of fine and coarse sand; clayey sand and sometimes highly weathered granite.

v' The Fissured layer: it lies between the fresh rock and the isalerite sublayer and in wich most
of the water inflow is observed. This layer is characterised by cuttings containing both weathered
and fresh rock elements. The thickness of this fracture layer generally ranges from 25 to 80 m with
an average of about 65 m. In the Lobo River catchment, this layer consists mainly of slightly
weathered granite (Fig.4).

v" The Fresh rock: located underneath the weathering profile, this layer may be visible at the
outcrop. It is permeable only where deep fractures are present. Even when these fractures are as
permeable as the fractures of the fissured layer, their density is less at depth and laterally. It is
generally composed of granitoids. Although this structure is typical of granitic rocks, there are

sometimes marked differences in thickness depending on the topography.
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Fig. 4. Weathering profiles on granite in the Lobo catchment. The height of the ferrous crust

is about 4 m.

Interpretation of electrical resistivity logs

Vertical electrical soundings (VES) carried out over the study area with a distance (AB/2 = 200
m) show a variation of electrical resistivity with depth (Fig.5). These vertical electrical surveys
allowed us to identify 2 or 4 geoelectrical layers with different resistivities. It consists mainly of the
topsoil up to 2 m thick, with a resistivity varying between 49.6 and 1787 Q.m and a layer of ferrous
crust 14.4 m thick with a resistivity up to 4144 Q.m. The lateritic-clay layer with a thickness of up to
50 m and a resistivity that varies between 58.8 and 970 Q.m and the fresh rock with resistivity that
can reach 100,000 Q.m (Table 1).

These vertical electrical sounding curves also show that the resistivity can vary within the
different layers. These different variations in resistivity within the same layer indicate the
heterogeneity of the layer. It can also be seen in Fig.6 that the transition from one layer to another is
characterised by a gradual change in resistivity, indicating that there is no abrupt change in facies
along the weathering profile. This is particularly evident between the fractured layer and the fresh

rock (Fig.6). Thus, this makes it difficult to identify the boundary between these two layers. All these
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Table 1

Summary of interpretation of results of vertical electrical soundings (VES)

VES n° Layer thickness (m) Layer resistivity (Qm)
H1 H2 H3 H4 p1 P2 p3 P4 Ps
1 1.5 4.3 27.4 - 538 3902 218 2813 -
2 0.7 4.3 8 19.6 1787 502 1350 227 8023
3 0.6 3.5 18.7 27.9 1272 625 1129 155 3194
4 0.3 71 6.5 19.9 841 133 1450 104 81493
5 1.5 8.1 29.4 - 346 2098 155 7259 -
6 2.3 8.5 50.1 - 477 1493 186 6700 -
7 1.6 8.4 31.4 - 905 2273 186 6974 -
8 2 6 28 - 467 1787 138 96079 -
9 1 17 - - 1731 414 1.6*10° - -
10 2 33 38.7 - 528 1248 170 33626 -
11 0.6 4 - - 4414 525 2319 - -
12 13 8.4 25.8 - 1136 1504 123 3981 -
13 21 14.1 325 - 65.8 697 143 1020 -
14 1 18.8 26.1 - 155 818 183 1749 -
15 0.8 8.3 23.7 - 185 2394 203 2936 -
16 0.8 17.4 30.4 - 49.6 1041 138 5174 -
17 2 25.8 17.4 - 75 856 58.8 1022 -
18 1.1 26.2 26.1 - 83.6 956 95.6 1169 -
19 1.1 184 317 - 65.2 1204 59.5 946 -
20 1.1 20.1 29.9 - 237 970 86.1 2413 -
21 0.4 14.8 21.4 - 123 1685 133 5666 -
22 1.6 136 269 - 117 1000 253 1425 -
23 0.3 144 349 - 120 2006 194 1585 -
24 1.5 9.78 345 - 582 2776 458 4580 -
25 0.9 17.1 31.1 - 386 852 216 690 -
26 0.3 12.7 31.9 - 207 1614 179 1752 -
27 1.9 10.5 26.6 - 527 3008 127 2890 -
28 0.7 10.9 26.6 - 234 2987 152 3069 -
29 1.3 114 359 - 631 1898 256 1128 -
30 1.7 7.5 37.5 - 726 3530 202 1523 -

11
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Statistical analysis

Statistical analysis of all the borehole data and the various vertical electrical soundings shows
that the median values of electrical resistivity for the "saprolite" layer, the "fissured" layer and the
"fresh rock" are 712, 218 and 5420 Q.m, respectively (Fig.7). Plotting the lower and upper quartiles
of resistivity for each layer allows the three main layers of the medium to be distinguished. The
lower and higher quartiles 155 Q.m and 1129 Q.m, calculated with the VES data, characterise the
base of the weathering layer and the fissured layer, respectively. These values were then used to
define the boundaries between the three layers: for the 'saprolite’, 'fissured' and 'Fresh rock' layers,
the following ranges of electrical resistivities were selected: [0 to 155 Q.m], [155 to 1129 Q.m] and
[1129 to 100,000 Q.m [. A resistivity threshold of 50 Q.m was also used to distinguish the most
conductive parts of the saprolite. These ranges of resistivities, thus defined, allowed us to propose a

geological interpretation for the 2D resistivities measured in our area.

12
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Geophysical interpretation of ERT data

Fig.8 below shows inverted data representing the profile of this region. High resistivity values
with yellow to red colours and low resistivity values with blue and green colours are observed in all
profiles. These blue and green colours which are found in all profiles indicate the presence of
conductive materials while the others (yellow, orange and red) indicate the presence of resistant

materials.

The results of the data inversion show that the highly conductive regions have resistivity values
between [50-1129 Q.m]. These areas may correspond to the saprolite or fissured layer. The
resistivity of these zones can in places be lower than 50 Q.m. These highly conductive areas show a
trend of increasing resistivity values with depth. At great depth, resistivity values can sometimes

exceed 100,000 Q.m. These zones correspond to fresh rock.
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262 Hydrogeological interpretation of ERT data

263 Geologic interpretation of electrical resistivity tomography ERT data has used lithologic
264  information from boreholes in the vicinity of the profile. These profiles generally consist of three
265 layers, sometimes overlain by a thick layer of iron crust, ferruginous in the upper part and clayey in
266  the lower part. From top to bottom we have a layer of saprolite, the thickness of which varies from
267 21 to 55 m, with an average of 38 m and a resistivity of below 155 Q.m. This layer is clayey and
268  overlain in places by a thick layer of ferrous crust, about 5 m thick. The fissured layer, ranging in
269  thickness from 35 to 83 m with an average of 68 m and has a resistivity generally ranging from 155
270  to 1129 Q.m. In our area, it consists mainly of slightly weathered granite. The underlying fresh rock
271 (beneath the first two layers) is generally at a depth between 93 and 108 m, but in some cases, it can
272 upwell a depth of 13 m or even outcrop. This hydrogeological conceptual model allows us to
273 understand the hydrodynamic function of this aquifer system. Indeed, the presence of ferrous crust

274  in this area could favour the runoff of rainwater towards topographically low points, thus
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275 representing preferential groundwater recharge zones. As for the fractured zone, its productivity
276 depends on its thickness and the density of the fracturing (Fig. 9).
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278 Fig. 9. Geological model of the completed profiles.
279  Discussion
280 Interpretation of the geophysical profiles conducted to map the geometry of aquifer system
281 required knowledge of the general geology of the area. Therefore, several drilling logs were used.
282  This combination of geophysical methods and drilling logs was very useful in mapping the geometry
283  of the aquifers in our area. The weathering profile proposed in this study shows top-down
284  structuring into four main distinct layers as proposed by [29, 30, 13, 4]:
285 The ferrous crust layer may be absent, but when present, its average thickness is about 5 m.
286  This layer is ferruginous in the study area. When it is protected from erosion and heavy rainfall
287  recharged, the ferrous crust can give rise to small perched aquifers with locally some springs [30,4].
288 In this area, the resistivity of the ferrous crust is generally above 4000 Q.m.
289 The saprolite layer, this layer originates from the decomposition of the source rock and
290 generally consists of two subunits, the clay-rich alloterite layer and the sand-rich isalerite layer. With
291  an average thickness of about 37 m, generally rich in clay, it can be up to 55 m thick in places. This
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layer forms the first level of our composite aquifer. It contains the water table, generally tapped by
traditional wells. This saturated layer ensures the capacitive function of the composite aquifer. Due
to its low hydraulic conductivity and high porosity [31,32], it is not sustainable. In our area, this layer
is largely saturated as the piezometric level is generally 10 m below ground level. This saturated
layer could play an important role in recharging deeper aquifers.The resistivity of the clay-dominated
saprolite is below 50 Q.m. The underlying isalerite zone has generally a resistivity from 50 to 155
Q.m what is higher than the clay layer ones. This geoelectrical description of the saprolite layer is

consistent with that proposed by [12,13].

Beneath the saprolite layer, the fissured layer, is also called saprock by some authors [33]. This
layer is characterized by a very intense fracturing in the first few meters (14.4 m). Its thickness varies
from 25 to 63 m and can reach 83 m in places, with water inflow at 118 m. In places where the
saprolite has not been eroded, the thickness of the fissured layer is about twice that of the saprolite
and can exceed 100 m thick [34,35,36]. The resistivity of the fissured layer ranges from 155 to 1129
Q.m and can be less than 155 Q.m in places if it is thick enough. It is the main aquifer in our study
zone. For future drilling with high yield, these fractured zones with low resistivity should be searched
the most. This description of the proposed fissured layer for the Lobo catchment composite aquifer
is consistent with that proposed by [12,16]. Beyond 105 m depth, there is a progressive decrease in
the occurrence of water-bearing horizons until 130 m depth where no water-bearing horizon is
observed. This progressive decrease in the occurrence of water-bearing horizons with depth,
implying an increase in resistivity, shows a decrease in fracture density with depth [37, 31]. These
results, based on from the geometry and geological structure of the saprolite layer and the fissured
layer, allow us to fix the depth in our area at no more than 130 m. Beyond this depth, high electrical

resistivity values are observed, which make fresh rock appear.

The fresh rock is permeable only where "deep fractures are present. Although these fractures
are as permeable as fractures in the fissured zone, their density is literally lower with depth [38].
This zone sometimes has resistivity greater than 100,000 Q.m, which characterizes the underlying
fresh rock. For water resources studies in the Lobo catchment, the bedrock is considered
impermeable with negligible storativity [37]. The weathering profile of the Lobo catchment has not
been previously characterized geologically, hydrogeologically or geophysically. However, this
weathering profile highlighted in this study is similar in structure but different in geometry from that
developed by [13] in similar formations in Burkina Faso and by [29] in eastern Cote d’lvoire. In
general, resistivity values obtained with ERT techniques and logs of new drillings realized after this
study showed good agreement with some differences. As a result of this study, 16 boreholes were
realized. The success rate of these boreholes is 69%, i.e., 11 out of 16 wells realized. Boreholes

declared as negative are those with a yield (Q < 6 m>/h). The depth of these boreholes varies from 93
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to 130 m with an average of 110 m. The average yield of these boreholes is 15.18 m?/h with a
maximum flow rate of 22 m?/h. Hydraulic investigations carried out in the zone prior to this study,
without precise knowledge of the geometry of the underlying aquifer system, have given less
satisfactory results. In fact, the average depth of the realized old drillings is 63 m with an average
yield of 4.4 m?/h. This difference could be explained by the lack of knowledge of the geometry of this
aquifer system and the hydraulic role of the deep fractures at the time these wells were drilled.
Indeed, studies carried out in Cote d'lvoire on granitic rocks have set the maximum depth of the
boreholes at 80 m [39,40]. This lack of knowledge about the geometry of this aquifer system may

help to explain the high number of negative boreholes in the study area.

Conclusions

The weathering profile of the Lobo catchment proposed in this study is similar to that proposed
in the hard rock in recent years. Thus, from our various analyses, it appears that the alteration
profile is a standard one with four main layers: the iron crust, the alteration layer composed of
isalerite and alloterite, the fissured layer and the fresh rock. The ferrous crust averages 5 m thick,
the saprolite layer is 37 m thick and the fissured layer is 68 m thick but can reach 83 m. In the Lobo
catchment, the thicker fissured horizons should be the preferred sites for productive drilling. In
general, from 37 m depth, areas with resistivities from 155 to 1129 Q.m should be preferred targets
for future drilling. These results allow us to estimate the optimal drilling depth in this area, i.e., the
depth beyond which drilling is not necessary, as the probability of having significant flows decreases.
In this study, through analysis of ERT and borehole data, a depth of no more than 130 m was
suggested to penetrate as far as possible into the saprolite and fissured layer. The resistivity values
obtained in this study will be used as a guide for future investigations. This study provided
information on the geometry of the aquifer system in this area. The boreholes drilled following this
study, which validated this geometry, have a success rate of about 70% with an average yield of
15.18 m>/h, which is 4 times higher than the values obtained in previous studies. These results are
therefore interesting for the planning and management of groundwater in our area and for the
evaluation of the financial costs of hydraulic campaigns (depth of wells to be realized) including
preliminary geophysical surveys, which can also be accurately sized. This study was carried out
mainly on granitic rocks that cover about 90% of our area. However, similar studies need to be
conducted on shale formations to elaborate a typical alteration profile of all the geologic formations
in the aquifer system underlying our study. More powerful geophysical methods with even longer
cables will have to be used to explore this aquifer system at great depth. An estimate of

groundwater recharge should be made to improve the sustainable management of this resource.
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