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Abstract 
The Poni watershed, located in southwest Burkina Faso, is characterized by 
crystalline basement geological formations. The hydrogeology of the watershed 
is characterized by two types of aquifers: alterite aquifers and fissured aquifers. 
Fissured aquifers are still the most widely used for drinking water supply. The 
general objective of the present work is to map the hydraulic potential of fis-
sured aquifers in the Poni watershed, in order to identify areas with high hy-
draulic potential for sustainable and rational management of groundwater re-
sources. Four methodological approaches were developed, the first three of 
which resulted in thematic maps of fracture density, drainage density and al-
teration thickness, using Landsat 8 and airborne geophysical images, Digital 
Terrain Model (DTM) data and borehole data. Next, four flow classes were de-
fined according to the minimum flow required for the various types of drinking 
water supply works in Burkina Faso, followed by a study of their distribution 
on the various thematic maps produced for the definition of the coastlines. Fi-
nally, a weighting was made on the basis of coasts and coefficients assigned to 
each parameter for mapping the hydraulic potential of fissured aquifers. Field 
data (boreholes, structural measurements and hydrogeological indices) and 
previous studies were used to validate the mapping. Analysis of the distribution 
of borehole flow rates on the various thematic maps shows that borehole 
productivity is optimal for a fracture density of between 1.55 and 1.9 km/km2, 
a drainage density of between 0.28 and 0.35 km/km2 and an alteration thick-
ness of less than 25 m. Hydraulic potential was mapped using the weighting 
method, based on the distribution of borehole flow rates on maps of weather-
ing thickness, drainage network density and fracturing density, highlighting 
three hydrogeological domains: the low-productivity zone, occupying 24.40% 
of the basin’s fissured aquifers, mainly found north of Gaoua, in the south-
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central and eastern parts of the basin around Gbomblora; the medium-produc-
tivity zone, occupying almost 31.57% of the fractured aquifers, is found mainly 
in the central-eastern part of the basin between Gaoua and Perigban, to the east 
of the commune of Gaoua, to the west of Kampti and to the west and north-
east of Midebdo; and the good-productivity zone, representing 44, 04% of the 
basin’s fissured aquifers, it is located mainly in the north-western part of the 
basin, north of Loropéni, east of Kampti, around Perigban and in the south-
east, notably north-east of Batié. The high-productivity zones almost overlap 
with all the Water Production Centers (CPE) identified within the watershed 
during a hydrogeological study commissioned by COWI in 2019 on the search 
for high-productivity zones on the crystalline basement. This study constitutes 
a guide which will guide groundwater research and must be carried out before 
any land use project. 
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1. Introduction 

Water resources, particularly groundwater, are the foundation of economic and 
social development in arid and semi-arid countries (MacDonald et al., 2005). They 
are essential to the existence of life and the development of ecosystems. According 
to Carter and Parker (2009), almost half of Africa’s population depends on them. 
In crystalline and crystallophyllous basement zones, the search for groundwater 
is often highly complex due to the discontinuous nature of the aquifers (Kafando 
et al., 2016). In these zones, groundwater storage and flow only occur when the 
rock is fractured and/or altered. Discharge rates from hydraulic structures are 
generally low. Over the last few decades, studies have shown that in this geological 
domain, high-flow boreholes are linked to kilometre-long fractures, fracture in-
tersections and highly interconnected fracture networks (Savadogo, 1984; Nakolen-
doussé, 1991; Savané et al., 1995). Identifying these fractures is therefore one of 
the mainstays for mapping the hydraulic potential of fissured aquifers. These frac-
tures are generally accompanied by a significant alteration fringe, and are also 
zones of weakness that can be occupied by watercourses.  

In the Poni watershed, the permanent unavailability of surface water and its 
pollution, as well as the cost of mobilizing it, mean that groundwater is the re-
source of first choice for supplying drinking water to towns and the country side. 

In the crystalline formations, hydrogeologists have invested in the search for 
high-flow boreholes. Today, some high-flow boreholes have dried up during their 
operation, as in the case of boreholes (F2 and F7) belonging to the National Office 
for Water and Sanitation (ONEA) in the town of Gaoua. In addition to dwindling 
groundwater resources, the uncontrolled occupation of land due to demographic 
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pressure is limiting groundwater recharge. This is the background to our study, 
the aim of which is to map the hydraulic potential of fissured aquifers in the Poni 
watershed. Specifically, the aim is to produce thematic maps of fracture density, 
drainage network density and alteration thickness. 

2. The Poni Watershed 

The Poni watershed is located between longitudes 3˚45' and 2˚55' West and lati-
tudes 9˚50' and 10˚36' North in the South-West region of Burkina Faso. It covers 
an area of 5,453 km2. It is drained by the Poni river, one of the main tributaries of 
the Mouhoun. 

The climate is Sudanian, with two distinct seasons: a dry season from Novem-
ber to May and a rainy season from June to October, with average annual rainfall 
of over 900 mm. 

The relief is very rugged, with an average altitude of 350 m. It is characterized 
by a succession of hills and topographical depressions, with a geomorphology dom-
inated by a functional glacis crowned at the southern end by low-lying areas (Fig-
ure 1). 

 

 

Figure 1. Location map of the Poni watershed (data source: SRTM 2019 image and BNDT 2015). 

 
Lithologically, three series of formations can be distinguished: the volcanic and 

volcano-sedimentary series, essentially made up of various types of basalt and an-
desite. These petrographic formations are subsequently intruded by microgran-
ites, microdiorites, rhyolites and dacites. Finally, the sedimentary series of cherts, 
grauwackes and intercalary graphitic rocks. These three series are successively in-
truded by granitoids, microgabbros and microdiorites. 

https://doi.org/10.4236/gep.2025.137013


H. Adama et al. 
 

 

DOI: 10.4236/gep.2025.137013 212 Journal of Geoscience and Environment Protection 
 

In terms of structural geology, recent studies have shown that the geological 
formations of the Gaoua region were affected by four phases of deformation dur-
ing the Eburnian orogeny. The structures resulting from these different defor-
mation phases are divided into first-order, second-order, third-order and fourth-
order structures. According to (Baratoux et al., 2011), these structures are gener-
ally regional, oriented NE-SW and locally NW-SW. There are also shear zones 
with mylonitic deformation (Ouédraogo & Prost, 1986) and fractures of various 
orientations intersecting regional structures and shear zones (Ouiya et al., 2020) 
(Figure 2). 

 

 

Figure 2. Geological and mining map of the Poni watershed (Data source: BUMIGEB). 

 
Hydrogeologically speaking, groundwater reservoirs in the Poni watershed are 

divided between alterite aquifers and fissured aquifers. These two types of aquifer 
are often superimposed and closely linked by drainage (Savadogo, 1984). Alterite 
aquifers are generally tapped by wells, and their thickness varies between 10 and 
20 m in the granite-gneiss formations and between 15 and 40 m in the schists. 
These aquifers are highly influenced by climatic phenomena. 

Fissured aquifers are generally tapped by boreholes at depths ranging from 40 
to 120 m. Fissured aquifers play a capacitive role, and are the most sought-after 
for hydraulic drilling. The productivity of these aquifers is influenced by the lith-
ological facies, the presence or absence of alterites and the hydraulic connectivity 
of the fractures intersected by the works. 

3. Data, Materials and Methodological Approach 

1. Data and materials 
The database used for this study consists of borehole data, airborne geophysics, 
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Landsat 8 images and SRTM. In addition to these data, a field trip was carried out 
to carry out structural measurements on outcrops and to observe the orientation 
of hydrogeological indices with a view to validating the lineament map. 

Landsat data 
Landsat 8 OLI images were used for this study. These images are scenes 196 and 

195 (path) of row 053, respectively, taken on February 17, 2020 at 10 h 26 mn 37 
s and February 24, 2020 at 10h 32 mn 46 s. The shooting period is very important 
for obtaining good quality images. The various scenes used were downloaded 
from https://earthexplorer.usgs.gov/ with less than 5% cloud cover, justifying the 
quality of these images. The DTM data were also downloaded from NASA’s USGS 
(United Stated Geological Survey) website. 

Borehole data 
A database of four hundred and ninety-six (496) boreholes was compiled as part 

of this study. This information was collected from regional water authorities, en-
gineering firms and the Department of Study and Information on Water (DEIE). 

Airborne geophysical data 
Airborne geophysical magnetometry data from the 1999 sysmin project survey 

covering the Gaoua-Téhini square degree were also used. These data were ac-
quired from the Burkina Mining and Geology Bureau (BUMIGEB). 

Field data 
Structural measurements were carried out in the field, followed by observation 

of the orientation of biological indices and hydrophilic trees, in order to confirm 
or invalidate the mapped structures when interpreting the data. The various meas-
urements were taken using a compass. 

Hardware 
The data were processed using various software packages. ENVI 4.7 was used 

to process satellite images. Oasis montaj software was used to process airborne 
geophysical data. The data from the various processing operations were integrated 
into ArcGIS 10.5 software to produce fracturing and fracturing density maps. 
ArcGIS 10.5 was also used to process the DTM data and produce the drainage 
network density map. RockWork 14 was deployed to produce the directional ro-
settes. 

2. Methodological approach 
The methodology used to map the hydrogeological potential of the Poni water-

shed is based on four approaches: 
The first involved processing Landsat 8 images and airborne geophysical data, 

followed by lineament extraction and validation. The validated lineaments were 
then used to produce a fracturing density map. The second approach involved 
generating the hydrographic network from the DTM data to produce the drainage 
density map. The third approach involved the spatialization of weathering thick-
nesses from borehole data in the watershed, using the interpolation method. At 
the level of each approach, a statistical study was carried out on the basis of the 
flow rates from the boreholes drilled, in order to define the productivity zones for 
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each thematic map. The fourth approach was to map hydrogeological potential by 
combining the different productivity zones from the thematic maps. 

The first approach 
The lineaments resulting from the processing of Landsat 8 images from scenes 

195/053 and 196/053 covering the Poni watershed were extracted. Processing in-
volved mosaicking two images (combining the two images) to extract the study 
area, followed by band ratios (B4/B7, B4/B6, B3/B4, B4/B5). These band ratios 
reduce the effects of illumination, topography or vegetation, and accentuate the 
spectral signatures characteristic of certain soils, minerals and rocks. 

Following these operations, RGB (Red Green Blue) color compositions, princi-
pal component analysis (PCA) and directional filtering were performed. The color 
compositions highlight contrasts not visible to the naked eye. PCA is a linear 
transformation that reduces spectral redundancy and extracts the axes of maxi-
mum variance in multi-spectral data. Filters play a crucial role in the detection of 
linear structures. Among filtering methods, Sobel’s filters, which use two convo-
lution masks to estimate partial derivatives along two well-defined directions, and 
those of Yessou and Prewitt, which use well-defined algorithms, have been ap-
plied. Image processing using Envi 4.5 software highlighted color contrasts and 
linear structures that can be assimilated to lithological and structural discontinu-
ities. The various discontinuities, known as lineaments, were extracted manually 
using ArcGIS 10.5 software. 

In addition to Landsat 8 images, airborne geophysical data, in particular aero-
magnetic data, were used for lineament mapping. 

According to Metelka et al. (2011), aeromagnetic data are highly effective for 
mapping geological formations and their structures down to a depth of around 
300 m. As the raw data were pre-processed by BUMIGEB, processing involved the 
application of several filters such as Reduction to Poles (RTP)), Vertical Derivative 
(Vertical Derivative) or vertical gradient Kafando (2020). 

RTP aims to bring anomaly signals back to plumb (MacLeod et al., 1993), by 
transforming an asymmetrical anomaly measured at a given latitude into a simu-
lated symmetrical anomaly at the poles (Baranov, 1957 in Sawadogo, 2017) and 
the vertical derivative is the vertical gradient of the residual magnetic field, it eval-
uates the rate of change of the magnetic field of the sources according to depth. 
The latter filter is very useful for interpreting structural discontinuities. According 
to Hood, 1965 in Sawadogo (2017), this filter has the advantage of improving the 
resolution of anomalies close together or superimposed. 

Aeromagnetic data were processed using Oasis montaj version 8.4, and linea-
ments were extracted using ArcGIS 10.5.  

Lineaments derived from Landsat 8 image processing and airborne geophysics 
were verified in the field. Field work consisted of structural measurements on rock 
outcrops and verification of the directions of hydrogeological and biological indi-
ces at Gaoua, Gomblora and Nassara. In addition, the directional rosette from the 
lineament map was completed and compared with the rosettes from previous 
studies and the geological map. All anthropogenic linear structures (tracks, roads, 

https://doi.org/10.4236/gep.2025.137013


H. Adama et al. 
 

 

DOI: 10.4236/gep.2025.137013 215 Journal of Geoscience and Environment Protection 
 

field and forest boundaries and power lines) were eliminated. 
The validated lineament map was processed using ArcGIS 10.5 software to de-

termine fracture density. Zones were defined according to fracturing density. 
The second approach 
Nowadays, many boreholes are drilled through non-recharged fractures, due to 

low rainfall, low infiltration rates and high evapotranspiration rates (Kafando et 
al., 2016). In the Sahel region of Burkina Faso, certain works (Armand, 1983 in 
Kafando, 2014) have shown that high-flow boreholes are generally located on the 
edge of surface water points. These wetlands are therefore privileged groundwater 
recharge zones. As a result, the hydrographic network is an important factor to 
consider when mapping the hydraulic potential of aquifers. 

In the present study, the drainage network of the Poni watershed was extracted 
by processing Digital Terrain Model data on ArcGIS 10.5. As the hydrographic 
network produced was consistent with that of the topographic map, it was used to 
produce the drainage network density map. This drainage network density map 
is used to assess permeability, an important hydrogeological property for ground-
water accumulation and recharge.  

The third approach 
This approach consisted in spatializing the weathering thicknesses of the wa-

tershed, based on the weathering thickness data from the boreholes collected. This 
spatialization was carried out by interpolation using the IDW method, which is a 
weighting technique of inverse distance. Depending on their nature, alteration 
thicknesses can act as infiltration water collectors for groundwater recharge and 
partially control borehole productivity (Nakolendoussé, 1991; Kafando, 2014; 
Kafando et al., 2016; Sayoba et al., 2018; Kafando, 2020). Fracture zones, shear 
zones and lithological contact zones are generally characterized by powerful alter-
ation thicknesses (Savadogo, 1984; Nakolendoussé, 1991), the strength of which 
depends on the type of geological formation. Alteration thicknesses play an im-
portant role in groundwater recharge in fissured aquifers, which is why they are 
taken into account when mapping the watershed’s hydraulic potential. 

For each of the above approaches, a statistical study was carried out on the basis 
of data from 496 boreholes. The flow rates of the boreholes collected were divided 
into four classes: Q < 0.7 m3/h; 0.7 m3 ≤ Q < 3 m3/h; 3 m3 ≤ Q < 5 m3/h and Q ≥ 5 
m3/h, respectively defining zones of very low, low, medium and high productivity. 
The distribution of borehole flow rates by class was based on the minimum flow 
rates required for the construction of Human Motricity Pumps (HMPs), Auton-
omous Water Stations (ASWs) and Simplified Potable Water Supply Systems 
(SPWSSs). 

The fourth approach 
This involved mapping the hydraulic potential of fissured aquifers in the Poni 

watershed using the weighting method. Three zones were defined on each of the 
three thematic maps, ranked from 1 to 3 on the basis of statistical studies. 

Coefficient indices 5, 4 and 3 were assigned respectively to fracture density, 
drainage network density and alteration thickness, followed by calculation of the 
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potentiality index according to the formula: 
IP = DF*5 + DD*4 + EA*3, with IP: potentiality index; DF: Fracture density; 

DD: Drainage network density and EA: Alteration thickness. The choice of coef-
ficients 5, 4 and 3 was verified by calculating the consistency index (CR = 0) ac-
cording to the methodology applied by Saaty (1980) as part of the Analytic Hier-
archy Process, which shows that the choice is perfectly consistent, so these coeffi-
cients, once normalized give a perfectly consistent comparison matrix. 

On the basis of the potentiality indices, three hydrogeological zones or domains 
have been defined: 
 a zone or domain of low hydrogeological productivity, with a potentiality in-

dex of less than 17; 
 a zone or area of average hydrogeological productivity, corresponding to zones 

with a productivity index of between 17 and 22; 
 and a zone or area of good hydrogeological productivity corresponding to 

zones with a potentiality index greater than 22. 

4. Results 

1. Image processing and lineament mapping 
Landsat 8 images were processed using the 731 color compositions, Principal 

Component Analysis of the 567 color composition and NW-SE directional Sobel 
and Prewitt filtering of the panchromatic band 8, giving conclusive results for de-
tecting lineaments (Figure 3). Sobel’s 7X7 square matrix filters in the NW-SE di-
rection and Yessou’s band 8 and Prewitt’s 731 color composition provided inter-
esting results for lineament mapping. 

 

 

Figure 3. Landsat 8 image processing: (a) prewitt filter for color composition 731, (b) yessou filter applied to band 8, (c) sobel filter 
with NW-SE orientation for band 8; (d) ACP 1 for color composition 567. 
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The processing of airborne geophysical images through pole reduction, deriva-
tion and total magnetic field, also enabled lineaments to be visualized (Figure 4). 

 

 

Figure 4. Processing airborne geophysical images: (a) Vertical derivative, (b) Analytical signal, (c) Total magnetic field, (d) reduction 
to Pole. 

 

2. Lineament validation 
To validate the lineaments, the major fractures covering the watershed were 

first extracted from the 1:1,000,000 Burkina Faso geological and mining maps and 
the 1:200,000 Gaoua-Téhini square degree maps produced in 2003 as part of the 
SYSMIN project (Castaing et al., 2003), as well as those produced as part of studies 
in the area (Baratoux et al., 2011; Ouiya et al., 2020). Superimposing these major 
fractures extracted from previous lineament study maps shows a very high degree 
of similarity. In order to validate the lineament map, a field trip was carried out 
during which the orientation of hydrogeological indices was observed and struc-
tural directions measured on rock outcrops. (Figure 5). The structures measured 
consisted of fractures, veins and schistosities. 

Lineaments corresponding to linear structures of anthropogenic origin (tracks, 
roads, field boundaries, forests and power lines) have been eliminated. Validated 
lineaments are likely to correspond to fracturing. As a result, 1,242 lineaments 
were selected for directional studies and fracturing density mapping (Figure 6). 

Directional studies show that the dominant lineament directions are predomi-
nantly NE-SW and NW-SE, with the N40˚E to N70˚E and N120˚E to N140˚E  
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(a)                                     (b) 

       
(c)                                     (d) 

Figure 5. Structures measured: (a) fractured greenstone; (b) fractured granite; (c) quartz 
vein intrusion in a granitic facies followed by fracturing; (d) a mega-fracture on a granitic 
facies. 

 

 

Figure 6. The lineament map (data source: landsat 8 and aeromagnetic images, geological map and 
BNDT, 2015). 

https://doi.org/10.4236/gep.2025.137013


H. Adama et al. 
 

 

DOI: 10.4236/gep.2025.137013 219 Journal of Geoscience and Environment Protection 
 

classes emerging (Figure 7(a)). In contrast, the N90˚E to N120˚E class predomi-
nates in the structural directions measured on the outcrops (Figure 7(b)), corre-
sponding to the third dominant lineament class mapped. The difference in dom-
inant direction between lineaments and structural measurements could be ex-
plained by the restriction of structural measurements around the communes of 
Gaoua and Gbomblora, due to the inaccessibility of certain sites as a result of se-
curity issues, particularly recurrent terrorist attacks, and the scarcity of outcrops 
in certain parts of the basin. 

 

 

Figure 7. Directional rosettes (a) lineaments (b) structural measurements in the field. 

 
3. Fracture density 
The validated lineament map was used to produce the fracture density map. 

This map, produced on a 10 km × 10 km grid in order to map multi-kilometre 
structures, shows that fracturing density varies between 0.036 and 2.77 km/km2 
over the watershed. The 10 km × 10 km grid provides a resolution adapted to the 
regional scale and guarantees a statistically significant density of lineaments in 
each grid. This grid is widely used in hydrogeological studies in West Africa to 
link fracturing and drilling productivity (Macdonal et al., 2005; Adiat et al., 2009). 
On the other hand, the use of a finer mesh does not provide statistical stability, 
but does identify localized fractured zones. The choice of mesh size depends on 
the mapping scale. 

A statistical study was carried out based on 496 boreholes divided into three 
fracture density classes (0.036 - 1.55 km/km2; 1.55 - 1.9 km/km2 and 1.9 - 2.77 
km/km2) defined according to geometric distribution. In terms of borehole flow 
rates, four classes were defined (Q < 0.7 m3/h; 0.7 m3/h ≤ Q < 3 m3/h; 3 m3/h ≤ Q 
< 5 m3/h and Q ≥ 5 m3/h) according to productivity. The results of the statistical 
study are shown in Table 1 below. 
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Table 1. Distribution of boreholes by fracture density and flow rate. 

Fracture density 
Flow rate 

0.036 - 1.55 
km/km2 

1.55 - 1.9 
km/km2 

1.9 - 2.77 
km/km2 

Total 

Q < 0.7 m3/h 19 52 18 89 

0,7 m3/h ≤ Q < 3 m3/h 56 112 56 224 

3 m3/h ≤ Q < 5 m3/h 21 34 11 66 

Q ≥ 5 m3/h) 35 51 31 117 

Total 131 249 116 496 

Success rate (Q ≥0.7 m3/h) 22.58% 39.72% 19.76% 82.06% 

Rate of drilling (Q ≥ 3 m3/h) 11.29% 17.14% 8.47% 36.90% 

 
Statistical data are analyzed according to the success rate and the rate of bore-

holes with a flow rate greater than or equal to 3 m3/h. In the Poni watershed, the 
statistical study shows a success rate of 82.06% in drilling, including 36.90% of 
boreholes with a flow rate greater than or equal to 3 m3/h. 

The distribution of success rates and drillings with a flow rate greater than or 
equal to 3 m3/h (Q ≥ 3 m3/h) according to fracturing density classes shows that 
fracturing density between 0.036 and 1.55 km/km2 has a success rate of 22.58%, 
including 11.29% at Q ≥ 3 m3/h; fracturing density between 1.55 and 1.9 km/km2 
has a success rate of 39.72%, including 17.14% at Q ≥ 3 m3/h; and fracturing den-
sity between 1.9 and 2.77 km/km2 has a success rate of 19.76%, including 8.47% at 
Q ≥ 3 m3/h. 

Borehole productivity is thus defined on the basis of the success rate, i.e. bore-
hole flow rate greater than or equal to 0.7 m3/h, and the rate of obtaining a flow 
rate Q ≥ 3 m3/h. As a result, the zone with a fracture density of between 0.036 and 
1.55 km/km2 is classified as a medium-productivity zone; the zone with a fracture 
density of between 1.55 and 1.9 km/km2, a high-productivity zone; and the zone 
with a higher fracture density fluctuating between 1.9 and 2.77 km/km2, a low-
productivity zone (Figure 8). 

4. Drainage density 
The drainage density map of the Poni watershed shows that drainage density 

ranges from 0.014 to 0.49 km/km2. 
A statistical study was carried out on the basis of 496 boreholes divided into 

three drainage density classes (0.014 -0.28 km/km2; 0.28 - 0.35 km/km2 and 0.35 - 
0.49 km/km2) defined according to geometric distribution. In terms of borehole 
flow rates, four classes were also defined (Q < 0.7 m3/h; 0.7 m3/h ≤ Q < 3 m3/h; 3 
m3/h ≤ Q < 5 m3/h and Q ≥ 5 m3/h) according to productivity. The results of the 
statistical study are recorded in Table 2 below. 

The statistical study shows that 25.40% of the success rate is achieved, including 
9.27% with Q ≥ 3 m3/h for drainage density below 0.28 km/km2; 40.72% of the 
success rate, including 21.17% with Q ≥ 3 m3/h for drainage density between 0.28  
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Figure 8. The fracturing density map (data source: landsat 8 and aeromagnetic images, geological map and BNDT, 2015). 
 

Table 2. Distribution of boreholes according to drainage density and flow rates. 

Drainage density 
flow rates 

0.014 - 0.28 
km/km2 

0.28 - 0.35 
km/km2 

0.35 - 0.49 
km/km2 

Total 

Q < 0.7 m3/h 22 47 20 89 

0.7 m3/h ≤ Q < 3 m3/h 80 97 47 224 

3 m3/h ≤ Q < 5 m3/h 25 29 12 66 

Q ≥ 5 m3/h 21 76 20 117 

Total 148 249 99 496 

Success rate (Q ≥ 0.7 m3/h) 25.40% 40.72% 15.93% 82.06% 

Rate of drilling (Q ≥ 3 m3/h) 9.27% 21.17% 6.45% 36.90% 

 
and 0.35 km/km2. The drainage density between 0.35 and 0.49 km/km2 has a suc-
cess rate of 15.93%, including 6.45% with Q ≥ 3 m3/h. This method shows that 
productive boreholes are located in areas with a drainage density of between 0.28 
and 0.35 km/km2. 

Following the statistical study, three productivity zones were defined on the ba-
sis of the success rate and that of obtaining a Q ≥ 3 m3/h. The medium-productiv-
ity zone has a drainage density of less than 0.28 km/km2; the high-productivity 
zone has a drainage density of between 0.28 and 0.35 km/km2; the low-productiv-
ity zone has a drainage density of over 0.35 km/km2 (Figure 9). 
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Figure 9. Drainage network density (data source: DTM, 2019 and BNDT, 2015). 

 
5. Weathering thickness 
The weathering thickness map of the Poni watershed shows that weathering 

thicknesses range from 5 to 74 m. 
A statistical study was carried out based on 496 boreholes divided into three 

classes according to weathering thickness (5 - 25 m; 25 m – 35 m; and 35 - 74) 
defined according to the geometric distribution in the basin. In terms of borehole 
flow rates, four classes were also defined (Q < 0.7 m3/h; 0.7 m3/h ≤ Q < 3 m3/h; 3 
m3/h ≤ Q < 5 m3/h and Q ≥ 5 m3/h) according to productivity. The results of the 
statistical study are shown in Table 3 below.  

 
Table 3. Borehole distribution by weathering thickness and flow rate. 

Alteration  
thicknesses 

Flow rate 
5 - 25 m 25 -- 35 m 40 - 74 m Total 

Q < 0.7 m3/h 41 24 24 89 

0.7 m3/h ≤ Q < 3 m3/h 94 72 58 224 

3 m3/h ≤ Q < 5 m3/h 25 22 19 66 

Q ≥ 5 m3/h 52 33 32 117 

Total 212 151 133 496 

Success rate (Q ≥ 0.7 m3/h) 34.48% 25.60% 21.98% 82.06% 

Rate of drilling (Q ≥ 3 m3/h) 15.52% 11.09% 10.28% 36.90% 

 
The statistical study shows that boreholes with alteration thicknesses between 
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5 and 25 m have a success rate of 34.48%, including 15.52% with a Q ≥ 3 m3/h; a 
success rate of 25.60%, including 11.09% with a Q ≥ 3 m3/h for boreholes with 
alteration thicknesses between 25 and 35 m. Boreholes with alteration thicknesses 
between 35 and 74 m show a success rate of 21.98% including 10.28% at a Q ≥ 3 
m3/h (Figure 10). 

Based on the statistical study, three zones were defined on the basis of the suc-
cess rate and the rate of boreholes with a Q ≥ 3 m3/h. Thus, a high-productivity 
zone with alteration thicknesses below 25 m, a medium-productivity zone with 
alteration thicknesses between 25 and 35 m, and a low-productivity zone with al-
teration thicknesses above 35 m. 

 

 

Figure 10. The weathering thickness map (data source: borehole data, geological map and BNDT, 2015). 

 
6. Hydraulic potential of fractured aquifers in the Poni watershed 
The hydraulic potential of the basin’s fissured aquifers was mapped using a 

weighting method based on the distribution of borehole flow rates collected on 
maps of fracturing density, drainage density and alteration thickness. This map-
ping enabled us to define three hydrogeological domains or zones of hydraulic 
potential:  
• The low-productivity zone occupies 1,330.45 km2 of the basin’s surface area, 

i.e. 24.40% of the basin’s fractured aquifers. This zone is unevenly distributed 
throughout the basin, but is mainly represented to the north of Gaoua, in the 
south-central part of the basin and to the east around Gbomblora. 

• The medium productivity zone occupies almost 31.57% of fissured aquifers. It 
is mainly found in the central-eastern part of the basin between Gaoua and 
Perigban, to the east of the Gaoua commune, to the west of Kampti and to the 
west and north-east of Midebdo.  
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• The high-productivity zone accounts for 44.04% of the basin’s fissured aqui-
fers. It is strongly represented in the north-western part of the basin, north of 
Loropéni, east of Kampti, around Perigban and in the south-eastern part, no-
tably north-east of Batié. This zone almost overlaps with all the Water Produc-
tion Centers (CPE) identified within the watershed during a hydrogeological 
study commissioned by COWI in 2019 on the search for high-productivity 
zones on the crystalline basement (Figure 11). 

 

 

Figure 11. Hydraulic potential of fissured aquifers in the Poni watershed. 

5. Discussion 

The fracture density map shows that drilling productivity is linked to fracture 
density. To this end, there are fracturing density thresholds below and above 
which drilling productivity is lower. Low fracture density (0.036 to 1.55 km/km2) 
could be explained by the short length or interconnection of lineaments, which 
does not allow groundwater to accumulate. Drilling productivity is optimal when 
fracture density is between 1.55 and 1.9 km/km2. The drop in productivity in the 
zone of very high fracturing density (1.9 to 2.77 km/km2) could be explained by 
the clayey nature of the alterites in these highly altered zones. The clayey nature 
of the alterites does not allow groundwater to accumulate and recharge. In West 
Africa, several studies (Savadogo, 1984; Nakolendoussé, 1991) carried out in the 
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crystalline and crystallophyllous basement show that high-flow boreholes are lo-
cated close to interconnected fracture networks, kilometric fractures and fracture 
intersections. 

The drainage density map of the Poni watershed shows that low drainage den-
sity (0.014 to 0.28 km/km2) and high drainage density (0.35 to 0.49 km/km2) do 
not allow groundwater to accumulate. In hydrogeology, it is well known that the 
drainage network favours runoff and limits infiltration. However, in the Poni wa-
tershed, there are drainage density thresholds below and above which groundwa-
ter accumulation and recharge are limited. Drainage density of between 0.28 and 
0.35 km/km2 occupies an area of high drilling productivity in the basin. This may 
be explained by the fact that the drainage density between 0.28 and 0.35 km/km2 
corresponds to structural faults that allow aquifers to be recharged. Research car-
ried out in the crystalline basement environment (Edet et al., 1998) has shown that 
there is a correlation between drainage density and the permeability of geological 
formations. The work of Faillat (1986) also showed a strong correlation between 
the drainage network and regional faults. The drainage network has been used as 
a recharge factor for fractured aquifers by many authors (Sener et al., 2005; Shaban 
et al., 2006; Yeh et al., 2009; Krishnamurthy et al., 1996).  

The weathering thickness map of the Poni watershed shows that the majority 
of high-flow boreholes have weathering thicknesses of less than 25m. These alter-
ation thicknesses enable infiltration water to be collected for groundwater re-
charge. Borehole productivity decreases when alteration thickness exceeds 25 m. 
Previous studies have shown that weathering thicknesses act as collectors and par-
tially control borehole productivity (Nakolendoussé, 1991; Kafando, 2014). 

Mapping of the hydraulic potential of fissured aquifers in the Poni watershed, 
using the weighting method based on the distribution of borehole flow rates ac-
cording to fracture density, alteration thickness and drainage density, has high-
lighted three hydrogeological domains: the low-productivity zone occupying 
1,330.45 km2 of the watershed surface area, i.e. 24.40% of the fissured aquifers in 
the watershed. This zone is unevenly distributed throughout the basin, but is 
mainly found north of Gaoua, in the south-central part of the basin and in the 
eastern part around Gbomblora; the medium-productivity zone occupies almost 
31.57% of fissured aquifers. It is mainly found in the central-eastern part of the 
basin between Gaoua and Perigban, east of the commune of Gaoua, west of 
Kampti and west and north-east of Midebdo. The high-productivity zone ac-
counts for 44.04% of the basin’s fissured aquifers, and is strongly represented in 
the north-western part of the basin, north of Loropéni, east of Kampti, around 
Perigban and in the south-eastern part, notably north-east of Batié. This zone con-
tains almost all the Water Production Centers (CPE) identified within the water-
shed during a hydrogeological study commissioned by COWI in 2019 on the 
search for high-productivity zones on the crystalline basement. 

Zones with high hydraulic potential for fissured aquifers represent areas of the 
basin where fracturing and infiltration rates could be significant. 
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According to some studies (Nakolendoussé et al., 1993; Jourda, 2005; Jourda et 
al., 2006) carried out in the crystalline basement, the most productive drilling sites 
should be superimposed on zones with high hydraulic potential, high lineament 
density, high alteration thickness and high node density. 

The advantage of this approach is that it mobilizes low costs and saves time for 
studies covering vast areas. However, the main difficulty lies in defining the class 
boundaries of the various maps of alteration density and thickness, and digitizing 
the exact class boundaries to produce the hydraulic potentiality map of fissured 
aquifers. It should be emphasized that the boundaries of the various classes de-
fined must be perceived as transition zones between the different classes and not 
as tangible barriers. 

Validation of the hydraulic potential map of fissured aquifers in the Poni wa-
tershed was achieved by superimposing the results of the hydrogeological study 
commissioned by the Danish cooperation COWI in 2019. The purpose of this 
study was to map areas of high hydrogeological potential in the crystalline base-
ment of the Boucle du Mouhoun, Cascades, Hauts-Bassins and South-West re-
gions. As a result of this study, high-potential zones were identified for use as 
Water Production Centers (CPE). Most of the WPCs in the Poni watershed are 
located in areas of high mapped productivity. 

However, it should be noted that in the crystalline basement, the productivity 
of boreholes is linked to the presence of fractures, their length and their opening. 
In the high-potential zone, negative and low-flow boreholes may be encountered, 
but the probability of this happening remains low. For this reason, the high-po-
tential zone should be targeted for ground geophysical investigations for any pro-
ject involving the construction of high-flow boreholes or a water production cen-
ter. 

6. Conclusion 

Mapping the hydraulic potential of fissured aquifers in the Poni watershed using 
the weighting method, based on the distribution of borehole flow rates on maps 
of fracture density, drainage density and alteration thickness, has revealed three 
hydrogeological domains: the low-productivity zone occupying 24.40% of the ba-
sin’s fractured aquifers; the medium-productivity zone representing the major 
31.57% of the catchment area and the high-productivity zone occupying 44.04% 
of the fractured aquifers, this zone overlaps with most in high-productivity zones 
mapped to serve Water Production Centers as part of a Danish COWI coopera-
tion project in 2019.  

The distribution of borehole flow rates on the various thematic maps used to 
map the hydraulic potential of fissured aquifers in the Poni watershed shows that 
there is a range of values on each map for which the productivity and/or recharge 
of the structures is optimal. Productivity and/or recharge of catchment structures 
in fissured aquifers in the Poni watershed are optimal for drainage density of be-
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tween 0.28 and 0.35 km/km2; fracturing density of between 1.55 and 1.9 km/km2; 
and alteration thicknesses of less than 25 m. This methodology is highly pragmatic 
for the study of large watersheds in sub-Saharan Africa, characterized by the scar-
city or absence of hydrogeological data. 

Looking ahead, we plan to undertake ground geophysical investigations fol-
lowed by boreholes to refine the hydraulic potential map of the fissured aquifers 
in the watershed. 
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