
 
Journal of Water Resources and Ocean Science 
2019; 8(6): 94-107 
http://www.sciencepublishinggroup.com/j/wros 
doi: 10.11648/j.wros.20190806.12 
ISSN: 2328-7969 (Print); ISSN: 2328-7993 (Online)  

 

Combination of Structural Data and GIS Tools in the 
Delineation of Groundwater Potential Zone in Crystalline 
Terrain: The Case of Southeastern Senegal 

Ibrahima Mall
1, *

, Mahamadane Diène
2
, Moctar Diaw

1
, Papa Malick Ngom

1
, Serigne Faye

1
 

1Department of Geology, Faculty of Sciences and Technique, Cheikh Anta DIOP University, Dakar, Senegal 
2Institut of Earth Sciences, Cheikh Anta DIOP University, Dakar, Senegal 

Email address: 
 

*Corresponding author 

To cite this article: 
Ibrahima Mall, Mahamadane Diène, Moctar Diaw, Papa Malick Ngom, Serigne Faye. Combination of Structural Data and GIS Tools in the 
Delineation of Groundwater Potential Zone in Crystalline Terrain: The Case of Southeastern Senegal. Journal of Water Resources and Ocean 

Science. Vol. 8, No. 6, 2019, pp. 94-107. doi: 10.11648/j.wros.20190806.12 

Received: October 2, 2019; Accepted: October 30, 2019; Published: November 9, 2019 

 

Abstract: In some West African regions, the craton is made by birimian formations that constitute the basement in these 
areas. In Senegal, the Kédougou Kéniéba inlier is characterized by the presence of fractured aquifers, thus constituting a 
problem of availability and mobilization of groundwater resources in this zone. Evaluation of groundwater potentiality zone is 
studied by using Remote Sensing and GIS technics integrating eight thematic parameters (Rainfall, geology, lineaments, 
regolith thickness, and weathered thickness proximity of rivers). The weighted overlay technic is used and appropriate weight 
were evaluated by statistical approach with a linear regression model in order to determine and built influence percentage of 
groundwater storage related to each parameter. Results showed a map of five groundwater potential classes ranging from very 
good to very low potentiality. High groundwater potential areas are located in the southern part of the Sabodala mining area 
and contrast with the northern part where groundwater potential is low due to lower rainfall and rock types dominated by 
granite formations in most parts of the area. Very good potentials occupy about 5% of this study area. These areas are mainly 
located in the southern part of the Gambia River watershed between the isohyets 1250 to 1150mm and on the MTZ. Areas with 
good potential are mainly found on volcano-sedimentary formations, but they are more concentrated on the southern part of the 
Gambia watershed where interesting flows can be observed (8 to 20 m3/H). This result is in compliance with the flow rate data 
observed in this southern part. On the other hand, the moderate potentialities constitute the class which is found on all lithology 
types and represent 35.1% of the total surface of the study area (1280.6 Km2). However, the very low potentialities are only 
found in the northern part and occupy an area of 873.10 square kilometers corresponding to 10.5% of the total area of the area. 
These results confirm that in the northern part and the granitic terrains have weak potentialities and the risks to get a negative 
boreholes remain high at these zones. Results show that there is a good correlation between the good potential areas identified 
by the GIS and the areas with appreciable borehole yields and the tectonic basins. 
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1. Introduction 

In the sub-Saharan regions, problems of water availability 
and mobilization are increasingly felt particularly in 
crystalline basement regions where aquifers remain very 
unproductive. 

Today, the natural region of eastern Senegal, which is 

relatively steep compared to the rest of the Senegal Republic 
is very attractive because of its numerous mineral resources, 
exploration, and exploitation of its gold mines. The gold rush 
has now favoured the development of villages such as 
Sabodala, Tinkoto, Bantako, Diabougou, and 
Sambarabougou, to name but a few, which host a massive 
influx of people from neighbouring countries and the sub-
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region of West African region. This situation makes the 
demand for community drinking water supply (DWS) more 
than a priority and remains a challenge for the state of 
Senegal and its development partners to achieve the 
Millennium Development Goals (MDGs) transformed into 
Sustainable Development Goals (SDGs) after 2015. In this 
region characterized by the absence of generalized 
groundwater resources and relatively high failure rates 
boreholes drilling, the main groundwater resources are 
localised in weathered, and fractured aquifers and, the 
shallow alluvial aquifers along major rivers. These very 
unproductive and difficult to locate aquifers are subject to a 
great pressure linked to gold washing activity which is now 
widespread throughout the region and consume a great 
amount of water. This activity has direct impact on the 
quality and quantity of groundwater resources in eastern 
Senegal, whose reserves are poorly known. This is not 
without consequences on the water resources in the region. 
The hydrogeology of this region of eastern Senegal has only 
been the subject of some pioneering work [1-8]. The 
methodological approach consisted in exploring the 
advantages of GIS tools combined with remote sensing for 
the delineation of favourable areas to boreholes implantation 
in this basement aquifer context. These concerns can lead to 
complex "scientific" issues, so it is important to note that the 
communities that rely on these groundwater resources live in 
poverty and isolation and access to groundwater resources 
remains very limited in some areas. The Kédougou Kéniéba 
Inlier, like many parts of the crystalline basement regions, 
belongs to the Birimian rock domain characterized by the 
presence of discontinuous aquifers. The hydrogeological 
system consists of fractured and altered aquifers, whose 
implementation is a function of the tectonic evolution and the 
climatic effects on these crystalline formations (alteration). 
Today several authors have shown the relevance of optical 
satellite imagery [9, 10] or radar [11, 12] or their 
combination [13] as a mapping tool in earth sciences 
(geology, mining, geomorphology, hydrogeology, civil 
engineering, geography, etc.) to identify favourable areas for 
borehole implantation. The systematic integration of these 
data, followed by hydrogeological investigations, provides an 
effective, rapid and economical delimitation of potential 
aquifer zones. Despite extensive research and technological 
advances, the study of groundwater has remained more than 
random, as there is no direct method that facilitates the direct 
observation of groundwater. Its presence or absence can only 
be asserted by indirect deduction based on the study of 
geological parameters and surface conditions. However the 
study of the structural evolution of these terrains, could be of 
a great contribution for facilitating the understanding and 
groundwater dynamic evolution on crystalline basement 
rocks [14]. The purpose of this paper is to combine 
geological and structural data and GIS and Remote Sensing 
tools for a better understanding and characterization of the 
aquifer potential in basement areas. These data could better 
explain the correlation between large tectonic structures and 
potential aquifer zones. 

2. Methodology 

The Landsat ETM+ images (April 2010) and ASTER 
images were respectively processed using Erdas Imagine 
9.2 and Arc Map 10.5. Landsat images were filtered to 
highlight the lineaments first by the low pass band filters 
(3×3 filter) then directional filtering (Sobel 7×7 filter) are 
applied to the images. The ASTER image processing was 
carried out on Arc Map 10.5 with "Spatial Analyst tool" 
by the hydrology module which made it possible to 
generate the slopes. Thus, the lineament density is 
calculating by using the tool "line density" which 
calculates the density of linear elements in the vicinity of 
each output cell of the raster. The density is calculated in 
units of length per unit area (Km/Km2). The 
methodological approach adopted is based also on the 
description of the lithology of formations crossed by 
drillings from the stratigraphic logs of 66 boreholes. These 
show a great diversity of geological terrains in the 
Birimian of eastern Senegal. The stratigraphic analysis 
was carried out by the Rock Works software which 
allowed to model the extension and the variation of 
thickness of the different terrains crossed by the wells. 
The first step consisted in setting up the database that 
integrates the lithological and stratigraphic data of all the 
structures as well as their flow rates. The model first 
integrates the location data of the borehole (XY 
coordinate) and the Z (altitude of each of them) extracted 
from the SRTM images. On the basis of the stratigraphic 
information provided, the software makes it possible to 
correlate and restore a lithostratigraphical division. Thus, 
4 stratigraphic units were identified: (1) the weathered 
unit, we define it here as the superficial formations that 
include soils, laterite, and clay minerals developing on 
weathered rock; (2) the Regolith unit, which represents 
altered rock in situ and which in turn rests on the fractured 
bedrock unit; (3) and the latter rests on the unfractured 
basement (4). However, the absence of one or more of 
these units may be noted in some areas. The 
characterization of the different aquifer reservoirs by a 
detailed study of logs of 66 boreholes was done with Rock 
Work in order to determine the different lithologies, 
weathered and fractured zone thicknesses and extensions. 
All input rasters were generated, reclassified, weighted, 
and overlaid using the "Weighted overlay" module. In 
order to determine importance and influence of each 
parameter in groundwater occurrence, a statistical analysis 
was performed. The data analysis was carried out by the R 
software which allowed us to make linear regression 
model which defines the flow rates as dependent variable 
and the other parameters as explanatory variables. This 
analysis takes into account parameters such as rainfall, 
borehole flow, lineaments, slope, proximity to major 
rivers, weathered thickness and fracturing thickness and 
determines the influence of each parameter (Figure 1). 
Table 1 summarizes the percentages of influence of the 
various parameters chosen in the model. 
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Figure 1. Methodology used in the study. 

2.1. Data and Tools 

Table 1. The classification and the weight of the influencing factors on the potentiality for groundwater storage. 

Classes Very good Good Moderate Low Very low 

Weighted parameters 9 7 5 3 1 

Rainfal 25% 
2,25 1,75 1,25 0,75 0,25 
1250-1150 mm 1150-950 mm 950-850 mm 850-750 mm 750-650 mm 

Geology 25% 
2,25 1,75 1,25 0,75 0,25 
VSS RPB RVB GR Dolérite 

Slope 15% 1,35 1,05 0,75 0,45 0,15 
% 0-2% 2-5% 5-10% 10-15% 15-35% 

Proximity of major rivers 10% meter 
0,9 0,7 0,5 0,3 0,1 
250 m 500 m 750 m 1000 m >1500 m 

Thickness of regolith 10% meters 
0,9 0,7 0,5 0,3 0,1 
19-35 12-19 7,4-12 3,7-7,4 0-3,7 

Thickness of fractured unit (m) 5% 
0,45 0,35 0,25 0,15 0,05 
29-47 22,5-29 16,8-22,5 11,4-16,8 0-11,4 

Weathered unit (m) 5% 
0,45 0,35 0,25 0,15 0,05 
30-60 22,4-30 16,4-22,4 10,7-16,4 1,2-10,7 

Lineament density 5% Km/Km² 
0,45 0,35 0,25 0,15 0,05 
38-48 28-38 19-28 9,5-19 0-9,5 

 

2.1.1. Rainfall 

Rainfall constitutes the most important parameter in 
groundwater recharge. Rainfall in the region is mainly 
concentrated during the wintering period, which begins at the 
end of April and continues until late October/early November 
in the southern part of the study area. In contrast, in the 
northern part, rains start later in late June and usually stop in 
early October. The highest precipitation is recorded in 
August in the two climatic provinces. The sector is 
characterized by a north-south rainfall gradient [5]. This is 
illustrated by a spatial distribution of isohyets showing a 

gradient that increases from north to south. The isohyet 1250 
mm (Figure 2) is observed in the southern part of Kedougou 
and towards the northern part of the zone is the isohyet 650 
mm. This contrast between the climatic provinces also 
reflects a difference in the structure of plant communities. 
The southern part of the forest area is characterized by a high 
density of vegetation sometimes associated with gallery 
forests that follow the meanders of the thalwegs. Thus, going 
up to the northern part of the study area, the forest gives way 
to the savannah dominated by thorny vegetation, well 
adapted to drought conditions. 
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Figure 2. Rainfall map. 

 

Figure 3. Reclassified rainfall map. 

 

2.1.2. Lineaments 

Usually, a lineament is defined as any observable 
geomorphic linear feature that can be attributed to 
geological structures, notably fractures or lithological 
contacts [15]. The analysis of lithological discontinuities 
(contact between different formations) or structural 
discontinuities (faults, fractures, Joints) [16] shows that 
some large families of lineation orientation are noted in 
the region. Lineament density of a region in an indirectly 
way uncovers the groundwater capability of that territory 
since the nearness of lineaments, as a rule, signifies a 
pervious zone. Regions with higher LD are useful for 
groundwater conservation [17]. The NE-SW directions 
(Figures 5-6) remain the most representative with more 
than 20% of the length of the total lineaments, followed 
by the NNW-SSE at NS and finally the EW direction 
which represents about 8% of the total length of 
lineaments. The preponderance of NE-SW is mainly due 
to major NE-SW faults [18] among which we have the 
regional tectonic accident called MTZ (main transcurrent 
zone). Fractures increase permeability and secondary 
porosity, thus, enhance vertical flow of water contributing 
to groundwater recharge. For this reason, fractures in 
rocks were considered to be a major factor and then 
included in identifying potential areas for groundwater 
storage [19]. 

 

Figure 4. Lineament density map. 
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Figure 5. Reclassified lineament density map. 

 

Figure 6. Rose diagram of lineamen direction and number. 

2.1.3. Geology 

Geological formations are an important factor in the 
development of groundwater storage in crystalline basement 
aquifers (Figure 7). Their petrography determines the type 
and profile of weathered that develops there. Thus, the 
thickness of the weathered units is much greater on the mafic 
rocks and schist than on granites [7]. However, more clay is 
developed on the basics rocks than on the granites where the 
weathered units are rather sandy. Due to their high Quartz 
content, granites are much more resistant to mechanical 
disintegration and weathering than other rock types. So 
granites could become good aquifers if they are well affected 

by faults. On the other hand, they become less so if they are 
not very structured because of the high resistivity of the 
granites to the alteration due to their high quartz content. 
Mafic rocks and schist may have good aquifer potential due 
to the fact that their weathering upper part is often well 
developed. This weathered layer constitutes the aquifer roof 
and develop a capacitive function and plays an important role 
in the delayed recharge of groundwaters in many cases. 
These laters being able to be useful and often exploited by 
the traditional wells villagers. Thus, the most interesting 
potentials are recorded at the level of mafic ultramafic 
formations and carbonate formations. Volcano-sediments can 
be good aquifers with good potential in groundwater storage. 
However, schist have moderate potential, so low potentials 
are observed on granites and acidic volcanic rocks. 

 

Figure 7. Geological map [6]. 

Slope of an area plays a very important role while 
evaluating its potential for groundwater occurrence. High 
slope areas produce more surface runoff and rainwater gets 
less time infiltrate [20]. 

The plain occupies most part of the area and the terrain is 
often marked by plateaus covered by a thick lateritic mantle. 
Slopes are higher especially in the southern west part of 
Kédougou in vicinity of Mako and in the center of the study 
area where they can reach 32% (Figure 9). The north side of 
the study area terrains become relatively flat with few 
elevations and gentle slope near the Falémé River. The 
elevations are more important in the south of the study area. 
This configuration of the geomorphology makes the terrains 
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in the southern part, more conducive to runoff than 
infiltration, therefore less favorable to groundwater storage. 

 

Figure 8. Reclassified geological map. 

 

Figure 9. Slope map. 

 

Figure 10. Reclassified slope map. 

2.1.4. Proximity of Major Rivers 

In the Eastern Senegal the Senegal, and Gambia River 
basins drain more than 79% of the total area of the region. 
These two major rivers are separated by a ridge that 
extends, in a direction NNW-SSE, from the Guinean 
border and the city of Toubacouta, through Saraya, 
Sabodala then to Koussane to the north. The Gambia 
River makes a big loop inside the region (Figure 12). Its 
major tributaries are the Koulountou, Niokolo-Koba, 
Sandougou, Thiankoye and Niériko Rivers, all of which 
have intermittent flows [21]. The Gambia is the only 
perennial river and crosses the entire basement region 
from east to west. On the other hand, the Falémé dries up 
in places during the advanced dry season. The flow of the 
Falémé River was observed for 60 years (1930-1989) at 
Kidira, a locality located more or less 35 kilometers 
upstream of its confluence with the Senegal River. In 
Kidira, the average annual flow or modulus observed over 
this period was 170 m3/s for an area taken into account of 
approximately 28 900 km2, ie almost the entire river 
catchment area [22]. These two rivers can feed the alluvial 
aquifers with weak lateral extensions which can constitute 
good aquifers at villages scale. Thus, proximity of 
boreholes to these major rivers could be a success factor 
for drilling projects. 
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Figure 11. Proximity of major rivers. 

 

Figure 12. Reclassified proximity map. 

 

Figure 13. Weathred thickness map. 

 

Figure 14. Reclassified map of weathered. 
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Figure 15. Fractured thickness map. 

 

Figure 16. Reclassified fractured thicknes map. 

 

Figure 17. Lithostructural map and cross-section positions [21-23]. 

Drilling data show that the weathering profile is much 
more developed in the southern part of the region if we take 
into account the cross-section (A-A') (Figures 17-18), 
ranging from Sibikiling to Mako and along the Gambia River 
to Guingara with a relatively greater thickness of alteration 
(on average 25 m) in this southern part of the region. On the 
other hand, to the north of the zone, the cross-section (B-B') 
(Figure 19) shows a profile that starts from Diabougou in the 
south to Dioumbalou in the north, there is a decrease of the 
thickness of the weathered profile from south to north with 
an average of 9 to 10 m. This result is consistent with the 
hydroclimatic situation in the northern part of the zone, 
which remains with very sparse vegetation compared to the 
southern part. This section shows that the alteration is much 
less important in the northern part where the rains are less 
important and the evaporation more intense. The 
development of the fractured part is also weak and the 
unfractured basement is reached at relatively low depths 
exceeding rarely 50 m. The predominance of granitic 
formations in the northern part is also an important factor in 
the development of weathered rocks at this level. The 
granites are less affected by alteration than other types of 
geological formations, which is not without consequence on 
the yield of the boreholes located in this northern part and 
more particularly on the granitic formations. 

The cross-section (C-C') (Figure 20) is an SSW-NNE 
direction profile that starts from Folonkoto, crosses the MTZ 
and extends to Bokhody. It gives a clear overview on the 
evolution and the depth of the unfractured basement roof. 
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The thickness of the weathered unit is very variable and the 
unfractured basement is also reached at very different depths. 
Fracturing remains highly developed in the Madankholy 
sector and this is a direct result of the Main transcurrent zone 
that affects the area. This intense alteration has a significant 
impact on the boreholes productivities localized on MTZ, the 
bulk of which has good flow rates. Concerning arenas, they 
develop mainly on dolerites (Kanouméring and 
Sambarabougou), on granit (Tinkoto), on sandstone 
(Madankhloy). The weathered rock unit often consists of 
granite arenas or balls of dolerite characteristics of the 
doleritic weathered which develops a presence of a clay layer 
on the roof of its arena. 

 

Figure 18. Cross-section (A-A’). 

 

Figure 19. Cross-section (B-B’). 

The section (D-D') (Figure 21) starts from the Sabodala 
zone situated in relatively high altitude and crosses the MTZ 
and a part of the Saraya granite to the village of Sanela. It 
shows an evolution of the thickness of the weathered unit 
much more developed on the mafic volcanic formations of 
the Mako group. This weathered unit decreases gradually 
from Massamassa towards the granite where the unfractured 
basement is reached at less than 50 m of depth. It should be 

noted also a more important development of arenas on the 
granites than on the other geological formations. This could 
be an important factor in the recharge of the underlying 
aquifers because of the high secondary porosity that can 
develop on these types of formation thus improving the 
performance of boreholes in these areas with high 
transmissivity. 

As for the fractured units, they show a much greater 
evolution of fracturing on the MTZ (C-C') at Madankholy 
and at Mako (A-A' section) probably related to the Mako 
shear zone with respective average thicknesses around 50 to 
75 m. On granitic formations, this unit is less developed 
(sections B-B 'and D-D') with average thickness exceeding 
rarely 20 m. This fracturing is a function of the rock 
decompression limit which often does not exceed 60 m. 

 

Figure 20. Cross-section (C-C’). 

 

Figure 21. Cross-section (D-D’). 

2.2. Structural Data 

The structural evolution of the sector of Mako, has led to 
the development of large structures whose implementation 
and its development was made during the entire Eburnean 
orogeny and which are at the origin of its current structure. 
The Mako volcanic belt, show a structural evolution 
characterized by a well-defined context marked by 
transpressive tectonics with two deformation styles 
constituting a continuum. This transpressional tectonic 
deformation is at the origin of the establishment of accidents 
of directions NE-SW, N-S, E-W and NW-SE affecting the 
volcanic belt. These structures have a certain relation with an 
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evolution starting from the segmentation of the belt while 
passing by the formation of the intrabrands and marginal 
basins, the pull apart [18-23]. 

The analysis of the lithostructural map (Figure 17) 
highlights two types of basins: the edge basins of green rock 
panels and basins located inside the first. These will be called 
type II basins. All these basins are delimited by NE-SW to N-
S tectonic structures, which can constitute facies boundaries. 

They are located at the edges of the green rock belt (Figure 
17). These basins surround the green rocks and are bounded 
by NE-SW to N-S faults such as the MTZ and the Badon-
Niéniéko shear zone system, the LMZ. 

These types of basins are common in strike-slip corridors 
and are true isoclinal folds that are filled by sedimentation 
and troughs effect, with detrital filling and raised erosion 
margins that are often eroded, often more or less overlapping, 
and accompanied by significant volcanism. This folding 
associated with the uplift of the lithological pile, will lead to 
the creation of marginal basins whose filling will be by-
products of dismantling rocks constituting its elevated 
margin, but also by a mafic and calco-alkaline volcanism. 
The lithology in the Mako Supergroup's marginal basins 
consists of andesitic conglomerates that laterally cross the 
andesites (massive lava) in the east part. However, in the 
central parts, this evolution is interrupted by detrital 
metasediments that appear in the middle of the andesitic 
complex, with a posterior placement and a different control. 

The setting up of these basins would be due to the activity 
of the N-S faults framed by major faults NE-SW. These N-S 
faults would constitute transforming faults that would have 
relayed the senestrial motion of NE-SW accidents, thus 
creating the formation of openings or basins inside the edge 
basins. 

The observation of the geological map of the study area 
shows us the existence of such basins having evolved in pull-
apart including the Tinkoto basin (Figure 17), and the 
molasse basin of the north of Tourékhoto. All these two 
basins formed along the MTZ to the south and north 
respectively. 

The creation and evolution of these basins were made 
under tectonic control. Rotation of the shortening constraint 
of NNW-SSE; NW-SE at WNW-ESE, transitions from an 
NS transpressional regime to a transpressive NE-SW dextral 
regime flanked by major NE-SW faults whose effects will 
lead to the creation of pull-apart basins including that of 
Tinkoto. The combination of the dextral strike of these faults 
will favour the birth of a zone in extension whose evolution 
will contribute to the opening and the formation of this basin. 
Its filling will be under tectonic control with coarse detrital 
inputs accompanied by a synsedimentary calc-alkaline 
volcanism but also by volcanodetritic products. These detrital 
inputs consist mainly of conglomeratic, grauwackous and 
gréso-pelitic levels. 

Transpressive evolution would be synchronous with basic 
to intermediate volcanic activity represented by massive 
basalts and the andesitic complex and formation of basins. 
The filling of these, will be done gradually and 

synchronously to the deformation, by volcanic and volcano-
detritic products of mostly andesitic nature, but also detrital. 

3. Results 

 

Figure 22. Groundwater potential Map. 

Areas of high aquifer potential are located along the 
Gambia River, south of the Gambia watershed and on the 
MTZ (Figure 22). These sectors are thus privileged areas for 
the search for zones favourable to the implantation of drilling 
mainly to obtain high flows. These zones represent 3.15% of 
the total zone area, ie 256.8 km2. Areas with good potential 
are mainly found on volcano-sedimentary formations, but 
they are more concentrated on the southern part of the 
Gambia watershed where interesting flows can be observed 
(8 to 20 m3/H). This result is in compliance with the flow rate 
data observed in this southern part. They are also found on 
the MTZ at Madankholy, towards Kossanto. On the other 
hand, the moderate potentialities constitute the class that one 
finds on all the types of lithology and represent 35.1% of the 
total surface of the study area with an area of 1280.6 Km2. 
This class is mostly found in granites and in the northeastern 
part. This fact can be related to two phenomena: either the 
drilling is implanted on a major tectonic accident or it is 
implanted near a hydraulic axis (tributary of watercourse) 
generally guided by the fracturing (case of the Diaguiri 
boreholes). The low potentials are mainly encountered in the 
northern part and more particularly on the granit of 
Sandikounda Soukouta. Results from GIS model show that 
volcano-sedimentary formations of the Birimian have the 



 Journal of Water Resources and Ocean Science 2019; 8(6): 94-107 104 
 

best aquifer potential. The very low potentialities are only 
found in the northern part and occupy an area of 873.10 Km2 
or 10.5% of the total surface of the area. 

 

Figure 23. Groundwater potential and borehole yields. 

4. Discussion 

These results confirm that in the northern part and the 
granitic terrains have low groundwater potentialities and the 
risks of getting negative boreholes remain elevated at these 
levels. Unlike areas with low potential, areas with high 
potential remain the most interesting areas in South-eastern 
Senegal, because it is only in these areas that are observed 
borehole yields sometimes greater than 20 m3. A wary 
perception of the GWPZ map demonstrates that the 
arrangement of groundwater is more or less replications of 
the precipitation and geological formations beside slope [24-
26]. These areas, therefore, constitute preferred sites for 
drilling implantation for sufficient groundwater 
productivities. However, in some areas although the area 
having a good potential, low drilling rates have been noted: 
this is the case of the Mako sector located at high altitude. 
These low flows can be related to the quality of the 
boreholes' realization of or especially to a bad choice of their 
implantation sites. Accordingly, the groundwater potential 
zone map deciphered can be useful for hydrologists in 
detecting new zones of potential groundwater [27-28]. These 
results of the model could be refined if they are coupled with 
a complementary structural analysis that can give more 
precise indications on the real hydraulicity of the fractures 
and a good understanding of these basement environments in 
order to carry out a correct interpretation of results generated 

by the GIS. 
Method Validation 

 

Figure 24. Frequency diagram showing well yield distribution. 

Models will not have scientific significance without 
validation process [29]. To evaluate the accuracy of the 
model, we use the flows as validation data. In Table 2 the 
columns represent the flow rate classes and the rows 
represent the predictions in terms of potentiality. Thus, to test 
the accuracy of the model we studied the correspondence of 
the classes of flow rate compared to the classes of 
potentialities predicted in the different sectors. For this, we 
defined three flow rates classes: low (class 1), moderate 
(class 2) and high (class 3) flow rates (Figure 24). From these 
flow rates classes, we used the tool "extract value to point" in 
"spatial analyst tools" to have the correspondence of the flow 
classes to the results of predicted potentialities. The table 
gives all the values predicted by the model as well as their 
correspondence with the actual flow rate classes. This 
enabled to calculate the frequency of correspondence of each 
class with respect to the values of potentialities predicted 
from the "frequency" tool in Arctoolbox. The result is 
recorded in the frequency table (Table 2). The latter allowed 
us to determine the error matrix between the different classes 
by using the tool "pivot table" (pivot table) always in 
Arctoolbox (table 3). 

Table 2. Frequency of correspondence of flow classes with the potential 

classes predicted by the model. 

Classes Prediction Frequency 

1 1 15 
1 2 12 
1 3 7 
2 1 1 
2 2 5 
2 3 2 
3 1 7 
3 2 6 
3 3 14 

1= Low yield; Low potentiality; 2= Moderate yield, Moderate potentiality; 
3= High yield, High potentiality. 
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Table 3. Error matrix. 

Classes Prediction Low yield 0-5 m3/H Moderate yield 5-8 m3/H High yield > 8 m3/H Percentage of accuracy 

Low Potentiality 1 15 1 7 61,21% 
Moderate potentiality 2 12 5 6 21,76% 
High potentiality 3 7 2 14 60,86% 

 
These results show that the low potential class has the best 

accuracy with 15 low flow rate values out of 23 (Table 3). 
This corresponds to a precision percentage of 61.21% in 
areas with low potential. On the other hand, the moderate 
potentiality class shows the lowest accuracy, on this category 
only 5 boreholes on 23 displaying moderate flows, ie 21.7% 
of the boreholes encountered in these moderate potential 
classes predicted by the model. However, for most of 
moderate potential zones low borehole flow rates are 
observed (12 out of 23), or 52% of the boreholes. These 
results show that in areas with moderate potential mainly 
located on granites, drilling success is random and requires 
precise studies in the selection of boreholes location, because 
in these areas with moderate potential, the probability get 
borehole with low flow rates remain very high (52%) of the 
boreholes in these areas with moderate potential have low 
flows). However, in some sectors, even though the predicted 
potential is moderate, high flow rates have been noted: this is 
the case of the Badioula borehole, which although on the 
granite has a high flow rate (19 m3/H). These high flow 
values can be explained by the fact that the Badioula 
borehole is drilled on the sedimentary enclaves of the Saraya 
granite consisting of sandstone. 

Regarding the good potential class, it shows good accuracy 
of the model with a precision of 60.86% or (14 of the 23 
boreholes) that have good flow rates. However, in these areas 
with good potential, 7 boreholes have low productivities. 
This could be due to improper borehole positioning in 
relation to open conductive fractures which are hydraulically 
active, or a defective realisation of the borehole due to the 
drilling process. 

Other lessons to be learned remain the fact that areas with 
low potential coincide well with areas with low flow 
boreholes, however, the only areas favourable to these levels 
are the areas near the major Rivers including Falémé and 
Gambia Rivers. However, it must be remembered that in 
these areas, the construction of boreholes with high flow 
rates remains to be excluded and an appropriate choice of 
drilling sites should be well done at this level to avoid 
unproductive boreholes. 

However, it is necessary to quantify this uncertainty of the 
method. This makes it possible to better evaluate the value of 
the results which are presented because these results from 
modelling process can be altered by many elements that can 
affect the accuracy of the analysis. Some data analysis and 
the tools used are responsible for this potential loss of 
confidence in the results generated by the model. The 
mapping process is an example where uncertainties can be 
generated [22]. For example, slope values accuracy depends 
on the spatial resolution of image data used. Another 

example who can generate an error could come from the 
interpolation methods used, which predict results in areas 
without information. The accuracy of these predicted results 
will largely depend on the density of the measurement points 
in the area. Thus, the denser the observation points, the lower 
the error generated on the predicted value is. The 
discontinuous, and very heterogeneous nature of the 
basement terrain combined with fracturing and often an 
important thickness of weathered cover in these 
environments increase the risk of errors in this type of 
analysis. 

5. Conclusion 

The investigations for favourable zone drilling 
implantation in the crystalline basement areas constitutes a 
major challenge for the water supply in these disadvantaged 
zones presenting a low aquifer potential. The results showed 
that the very low potential represents 10.50% of the total area 
of the study area and corresponds to 873.10 km2 these areas 
are located mainly in the northern part of the Sandikounda-
Soukouta granite. On the other hand, the low potentialities 
are distributed on the majority of the granitic terrains (Saraya 
and Sandikounda-Soukouta) and occupy 35.9% of the total 
surface of the study is 2987.62 Km2. Moderate potential 
occupies the same areas and is found in all terrain types 
mainly on granites, but also on volcano-sediments and mafic 
rocks. However, the good and very good potentialities are 
about 18% of the area of the study area and are mostly 
located in the volcano-sedimentary formations and in the 
southern part of the study area. Results show that there is a 
good correlation between the good potential areas identified 
by the GIS and the areas with appreciable borehole yields 
and the tectonic basins. The characterization of the different 
aquifer reservoirs by the detailed study of the boreholes logs, 
to determine the different lithologies, show a good 
correlation between the good potential aquifer zones and the 
volcano-sedimentary filling basins. The marginal basins, the 
type II basins, and the pull-apart basins would have better 
characteristics by their lithology and on the other hand by 
their fracturing and porosity, to constitute good aquifers. 
However, the granitic zones are areas with low potential 
because of their resistance to weathering but also less 
affected by fractures. The integration of all these data shows 
a good correlation between areas with high aquifer potential 
and geological sedimentation basins. Indeed, the volcano-
sedimentary ones present the best potential aquifers and they 
constitute the formations of filling of the marginal basins and 
basins in pull-apart. The installation of these basins has led to 
sedimentation offering better fracturing and porosity, but a 
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significant alteration contributing to a better recharge of 
aquifers. 
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