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Abstract
Geographic Information Science is applied in the domain of Hydrology and
Hydrogeology to address geology-related environmental problems, reflecting the wide
scope, societal, educational and human implications of the cross-cutting nature of water
scarcity in such a geological context. This study focuses on the class analysis of various
parameters influencing aquifer recharge in a crystalline basement medium. Those
parameters are slope, drainage density, fracturing density and permeability (hydraulic
conductivity). The results using Landsat 8 and SRTM images ground resistivities and
boreholes dataset show that, areas with slope less than 12° are favorable for infiltration of
water. For the drainage density, areas with values less than 0.246 km/km2 are favorable for
recharging of the aquifer. Regions where the hydraulic conductivity ranges between 17.1
and 61.00 m/day are also favorable for infiltration. The map of fracturing density shows
that localities with values greater than 2.3 km/km2 are favorable for charging of the
aquifers.
Keyword: Aquifer recharge, Remote sensing, Geographical Information System,
Geophysics

1. Introduction
Geographic Information Science is applied in the domain of Hydrology and Hydrogeology to address
geology-related environmental problems such water scarcity in Central Africa region’s characterized
by poor spatial structuring of inter-annual rainfall (Camberlin, 2007; Tsalefa et al., 2015). Despite the
high annual rainfall, Africa's crystalline basement has problems to access to groundwater. This will be
related to several causes, including the morphological configuration and the heterogeneities of the
subsoil that control aquifer recharge. The assessment of groundwater recharge is undoubtedly one of
the most relevant parameters, but also the most difficult to estimate (Abdelhamid et al., 2010). That is
why geological engineers and geophysicists engaged in the production and supply of groundwater for
the benefit of the population face enormous difficulties in obtaining productive aquifers in general and
more particularly in crystalline basement environments. This is due to the absence, of sufficient
knowledge of the charging parameters, the multidisciplinarity of the factors to be taken into account for
the study of these aquifers and the complexity of the decision criteria. Unlike to the continuous
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environment, the search for groundwater in basement media is essentially
essentially based on the identification of
tectonic signatures (Chi and Lee; 1994; Watkins et al., 1996; Shahid et al., 2000; Kouassi et al., 2013;
Patra et al. al., 2016; Teikeu et al., 2016). In these areas, the recharge is ensured either by the matrix of
the altered
ered layer, cracks or fractures. In some developing countries of the world like those of Central
Africa, the crystalline basement formations represent 90% of the national territory with productive well
values of 44% (Assemian et al., 2014; Firmin et al., 2016).
2016). Practitioners agree that it is imperative for
progress to make in developing multidisciplinary fracturing study methods that closely combine the
techniques of structural analysis, photo-interpretation,
photo interpretation, geophysics and hydrogeology. These techniques
aree intended to facilitate the predictive study of fracturing in areas not easily accessible to direct
observation (recovery), but also to provide data whose knowledge is necessary to solve the practical
problems of access to water (Feuga and Vaubourg, 1980).
1980) The main objective of this paper is to
improve informations on the groundwater recharge parameters in a crystalline basement medium.

2. Materials and Methods
2.1. Presentation of the Study Area
The study area has been chosen in crystalline, fractured zone, with more than 250 wells where
populations are facing to severe water shortages. This zone (Lékié), is one of the departments of the
Central Cameroon region which is located between latitudes 3° and 4° North and longitudes 11° and
12° East. Its area is estimated at 2989 km2, divided into seven subsectors named Sectors I, II, III, IV,
V, VI and VII corresponding respectively to Monatélé, Sa’a, Obala, Okola, Evodoula, Batchenga and
Lobo. It is a well watered area with four seasons of short duration, unevenly
unevenly distributed, two wet and
two dry. It is located at the edge between the equatorial zone and the shrub savannah. The aquifers of
this zone are of bases consisting of crystalline rocks, of plutonic origin (granites) and metamorphic
(gneiss, micaschists,
micaschists, etc.) (Pagna, 2006). Hydrogeologically, these are hard rocks that exhibit relatively
homogeneous mechanical behaviour and overall hydraulic properties and are characterized mainly by
permeability of cracks and fractures (Banwart
(Banwart et al., 1994; Roques, 2013;
2
Koffi et al., 2016).
2016 . The map
of Figure1 (a) et (b) locates respectively the study area in Cameroon and the geological map. The
average annual rainfall is ranged from 1.500 to 1.800 mm, (Tsalefa
Tsalefa et al., 2015).
Figure 1:: Location and geological map of the study area
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2.2. Materials
In this study, several software programs as Erdas, Grass and QGIS have been used. The LandSat8
images (30 m of resolution), acquired on April 14, 2017 and the SRTM images (90 m of resolution)
were also used. They have been downloaded for free from the USGS Earth Explorer (U.S Geological
Survey) server. The figure 2 shows the procedure of lineaments extraction, drainage density and slope
generation. In addition, the map of lineaments structures produced by Debruelle and Regnoult (1983),
the data from ground resistivity, boreholes dataset containing information relating to the static levels of
water, the pumping flow, drilling depths, water inflow, etc. were exploited.
Figure 2: Procedure of lineaments extraction, drainage density and slope generation
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2.3. Methodology
The permeability of fractures is a paramount parameter in the understanding of fluid transfer at any
scale. Fractures are geometric discontinuities whose extension and opening can be very important
(Sausse, 2006). As a result, they play the role of preferential drains in rock masses with low matrix
permeability and control the intensity and direction of fluid flows, thus the intensity and propagation of
alterations within the rocks.
According to Thiery et al., (1982), Tsang, (1992) and (Gaillard and Gaillard, 2015), the flow tends
to follow the directions of greatest permeabilities. The hydraulic conductivity used here was calculated
from the pumping test data using the cubic law (Gaillard and Gaillard, 2015) using equation (1).
1

1
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b = K f


ρ g  ou
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(1)

In this equation b is the equivalent Aperture in m, K f the hydraulic conductivity of the fracture
in ms-1, the transmissivity in m2.s-1, μ the dynamic viscosity in kg.m-1.s-1, g the acceleration of gravity
in m.s-2 and ρ the density of the fluid in kgm-3.
This law determines an equivalent fracture the Aperture from transmissivity values obtained by
the interpretation of pumping test data. (Smith et al., 1987) propose three deterministic models for
estimating the opening of a fracture b: a calculation based on the pumping flow (hydraulic the
equivalent Aperture), a volume balance calculation (volumetric opening) and finally the calculation of
the opening fracture via a transport time of a tracer (tracer aperture). The model we are interested is the
one that calculates b from the pumping flow (hydraulic the equivalent Aperture) because pumping test
data is available. The opening is calculated according to equation (2).
1

 6Q µ
3
ln( R ) 
bh = 
r 
 ∆H πρ g

(2)

with bh the hydraulic opening in m; Q the pumped flow m3.s-1; ∆H the charge difference in m; r the
radius of the well m; R the radial distance of the piezometer in m, in our case this was considered as the
radius of influence. By analogy with Darcy's law (Darcy, 1856), a hydraulic conductivity of a parallel
plate-like fracture can be found practically with equation (3).
Kf =

ρ gb2
12µ

(3)

Kf the hydraulic conductivity of the crack in ms-1, μ the dynamic viscosity in kg.m-1.s-1, g the
gravitational acceleration in m.s-2 and ρ the density of the fluid in kg.m-3. This equation does not take
into account the different geometries of the crack (filling, irregularity and roughness). In the following
hydrodynamic parameters calculation, we take into account a fracture with regular shapes and parallel
plate type.
Excluding the hydraulic conductivity obtained by equations 1, 2 and 3, the parameters such as
slope, fracturing density and drainage density can be obtained by using remote sensing and GIS.

3. Results and Discussion
3. 1. Slopes
Values of the slope, ranged from 2.43° to 31.70°, are divided into four classes. The most important one
is [0-4]. Other classes are [4.1-12], [12.1-29] and greater than 29 (Figure 3). Abdelhamid et al. (2010)
and Voisin (2017) state that a high slope favors flows rather than infiltration. Given that a high slope
favors runoff instead of infiltration, the zones defined by classes I and II are considered to be favorable
for infiltration of water in the subsoil.
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Figure 3: Spatial distribution of slopes

3.2. Drainage Density
The drainage density has value from 0.135 to 0.567 km / km2 which was divided in four regions
according to 4 classes of drainage density. Class I: 0 - 0,135; Class II: 0,136 - 0,246; Class III: 0,247 0,353 and Class IV: 0,354 - 0,567 as illustrated in Figure 4. It is indicated that the density of the
hydrographic network is anti-correlated with water infiltration: denser is the network, more water flows
there (C.I.E.H, 1992). This means that a complex and developed hydrographic network usually
involves low infiltration (Abdelhamid et al., 2010). This implies that, the first and second classes can
be considered the most interesting in terms of recharging aquifers. The third and fourth can be
considered with small contributions in aquifer recharge.
Figure 4: Spatial distribution of drainage density

3.3. Hydraulic Conductivity
The hydraulic conductivity calculated using equations 1 to 3 has values from 0.10 to 62.00 m/day
divided into 5 classes. The first class has conductivity values less than 5; values of the second class
range from 5.0 - 9.5; those of the third class range from 9.51 to 17.00; the fourth class is made of
values ranged from 17.1 to 32.34 and the last one includes conductivities greater than 32 (Figure 5).
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The zones formed by the first-class of conductivity are disadvantaged in terms of aquifer recharge,
because the areas of low hydraulic conductivities, define zones of weak recharge (Koussoubé, 1996).
Those formed by the second class constitute moderately favorable zones, the third, the fourth and the
fifth classes constitute favorable zones for aquifer recharge. It is nevertheless noted that the zones
constituted by the fifth class are scattered in the study area.
Figure 5: Spatial distribution of hydraulic conductivity

3.4. Fracturing Density
This parameter has value from ranging from 0.6 to 6.4 km/km2 which have allowed to obtain four
regions according to four classes of fracturing density. There is a region defined by the fracturing
density less than 1.3, the second region has density ranged between 1.3 and 2.2, the third region has
density ranged from 2.3 to 3.3 and the last region whose density values are greater than 3.3 (Figure 6).
Moreover, it is known that in a basement area, a high fracturing density leads to greater infiltration
(Olaniran and Ogbonnaya, 2017; Hossam and Atef, 2011). The last two classes are very favorable to
the discharge of aquifers.
Figure 6: Spatial distribution fracturing density
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3.5. Characteristic of Extracted Lineaments
Figure 7 (a, b), show the basic lengthwise and multi-directional statistics in the four directions (E-W,
N-S, NE-SW, NW-SE) of the landsat8 image and also for the SRTM image. It may be noted that the
lineaments have variable lengths. For simplifying, it has been possible to group them into three large
classes as shown in (Figure 8). A main class whose length varies between 1.315 and 5.557 km (233
lineaments), a secondary class whose length varies between 5.557 and 9.798 km (140 lineaments).
Finally a tertiary (minority) class whose length varies between 9,798 and 14,040 km (11 lineaments).
Figure 7: Statistics of lineaments by their lengths (a) and their number (b)

The synthesis map (resulting from the manually extracted lineaments of the Landsat8 image
and the SRTM image) of the lineaments represents the set of unique segments resulting from the
superposition of the information contained in the filtered images. It includes a total of 369 lineaments,
for a total length of 1778.98 km. The rose diagram from the map of (Figure 9) shows four important
families of lineation oriented (diagram of Figure 8): N80-N90, N145-N150, N170-N180, N50-N60. In
terms of frequency occurrence, these lineaments could be classified into three groups: a group whose
frequency is about 12% (N80-N90), a group whose frequency is between 5% and 6%, and a minority
group whose frequency is less than 5%.
Figure 8: Lineaments distribution in length class
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Figure 9: Global lineaments map

4. Discussion
4.1. Validation of Lineaments and their Direction using Mechanical Logs
The directions of rose diagram derived from the lineaments observed in the mechanical logs were
compared with those provided by the satellite images (Landsat8 and SRTM).The rose diagram of the
non-productive boreholes lineaments (Figure, 10 b) has three large families in terms of length: N170N175 (7), N45-N50, N80-N85 (with a cumulative frequency of 12%), three families whose cumulative
frequency is 18% (N40-N45, N30-N35) and a group of lineaments whose individual frequency is less
than 5% are considered non-major.
In the case of the rose diagram of the lineaments from productive boreholes (Figure, 10a), four
major families were distinguished: N45-N50 with a frequency of 9%, N70-N75 whose frequency is
8%, N150-N155 and N80-85 with a frequency cumulative (14%), a family N135-140 (6%) occurrence
frequency and family N60-N65, N110-N115 whose frequency is (10%) The other families under 5%
are minor.
Figure 10: lineaments orientations (a) of productive wells, (b) of non-productive wells
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The rose diagram of global lineaments obtained with manually extracted in satellite images
(Figure, 9)
9) has the following major directions: N80-N90,
N80 N90, N145, N150, N170, N180, N50-N55.
N50
We can notice that, the rose diagrams of the lineaments from satellite images (figure, 8) and
those taken on the mechanical cores (Figures,
(Figures, 10a and 10b),
10b), have almost the same structure. We can
also notice intersections between some families. As an illustration, the large families N170-N175
also
N170 N175 and
N80 N85 of non-productive
N80-N85
non productive boreholes are also found in the rose diagram of manually extracted
lineaments. In the same way, the large family N80-N85
N80 N85 can be compared
compared to the N80N80-N90
N90 family. If the
drilling was done on a small scale in order to obtain sufficient data on mechanical logs, there would be
strong similarities between the directional orientations of the manually lineaments and those obtained
from the mechanical
mechanical logs. It can therefore be assumed that the extracted lineaments on the images
(Landsat 8 and DEM) have been correctly chosen.
4.2. Validation of Lineaments using Resistivity Data
Since references in structural geology are lacking in the study area,
area, we thought to use direct current
electrical resistivity to verify some lineaments structures that seem to represent current-conducting
current conducting
anomalies and consequently groundwater (fractured structures or cracked). For this, 16 lineaments
have been chosen, 9 of these are individual and 6 interconnected in pairs (Figure 12).
). It was a question
of verifying if the area where the lineaments were identified would have a conductive anomaly. The
drill points were superimposed on the lineament map and some drill points
points superimposed on the
lineaments were chosen at the execution locations of the resistivity profiles. Figure 11,
11, shows the
classes of the flow superimposed
superimposed on the lineaments.
Figure 11:
11 Flow divided into classes and superimposed
superimpose onn the lineaments

Figure
re 12: shows the map of lineaments that have been validated with the resistivity drag
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Figure 12: Lineaments validated by the DC methods

They were chosen according to the accessibility of the area. On the ground the profiles of the
resistivities have been arranged perpendicularly to the lineaments. Two or three profiles were made on each
lineament and the one that represented the reality was chosen with the drill guides that were made on each
validated line. The model proposed by the (C.I.E.H, 1989) allowed to classify these anomalies in forms of
V, U and W. These forms would be more favourable to the implantation of boreholes. The results of the
apparent resistivity profiles on the lineaments are given by figure 13. The identifiers of the lineaments
(numbers in red on the profiles, figure 13) are the same (number in black) on the map of Figure 12.
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Figure 13: Profile of apparent resistivities

The four parameters analyzed (Figures 3, 4, 5 and 6), including slope, drainage density,
hydraulic conductivity and fracturing density, have allowed to define favorable and unfavorable areas
for recharging if they are to be considered individually. The small slopes favor the infiltration; it allows
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seeing that more than half of the zone favorable to the infiltration. The low drainage density is spread
over small areas which are therefore very favorable to aquifer recharge. The study area has a high
lineaments density that has been validated and afterwards have been considered as very favorable
markers for water infiltration in a crystalline basement area.
For each of these parameters, the optimal values for the aquifer recharge vary from a region to
another. Within the catchment of Vizhupuram district (Tamil Nadu), Venkateswarana and Ayyandurai
(2015) established that the recharge is said to be optimal for values of drainage density less than 0.75
km/km² and for slope values less than 12.3°. These values differ from those found out in the catchment
of Ondo city (Nigeria) where Adeniyi and Yekeen (2017) estimated the recharge to be optimal when
the slope is less than 10° and the fracturing density ranged from 1.2 to 1.8 km/km². Majid et al. (2017)
established that the aquifer recharge is optimal in the region of Bojnourd basin (Iran) for values of
fracturing density ranged between 0.51 and 1.28 km/km2. Olaniran and Ogbonnaya (2017) stated that
the groundwater infiltration is optimal in the region of Akoko-Edo (Nigeria) for values of drainage
density, slope and fracturing density ranged respectively from 0 to 0.7 km/km2, from 0 to 7° and from
0.69 to 1.10 km/km2.
Any of those reference values does not exactly fit with those established in our study area
where the aquifer recharge is optimal for values of slope less than 12°, drainage density less than 0.246
km/km2 and fracturing density ranged from 2.3 to 6.4 km/km2. Note that these parameters strongly
depend on the geomorphologic and geological context of the region.

5. Conclusion
This study focuses on the class analysis of various parameters influencing aquifer recharge in a
crystalline basement medium. It is shown that, slope, drainage density, fracturing density and hydraulic
conductivity act as favourable parameters for aquifer recharge, according to their values. Concretely, in
our study region, areas favourable to aquifer recharge have slope values less than 12°, drainage density
less than 0.246 km/km2, hydraulic conductivity ranges between 17.1 and 61.00 m/day and fracturing
density values greater than 2.3 km/km2. This study also shows that, these parameters are specific to the
geomorphology and the geology environment. This investigation that applies remote sensing and
Geographic Information Science in the domain of Hydrology and Hydrogeology has addressed some
geology-related environmental problems including water stress in geological context of crystalline
basement.
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