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Niger is a landlocked African country and the only source of surface water is the Niger River which ﬂows
in the western part of Niger and only few villages near to the river gets beneﬁted from it, leaving most
of the areas dependent on groundwater solely. The groundwater resources in Niger are mainly used for
drinking, livestock and domestic needs. It can be observed that the water exploitation is minimal there
due to several factors like undeveloped areas, less population, limited wells, rain-fed irrigation, etc. The
delineation of potential aquifer zones is an important aspect for groundwater prospecting. Hence, the
direct current (DC) resistivity soundings method also known as vertical electrical sounding (VES) is one
of the most applied geophysical techniques for groundwater prospecting that was used in the capital
city, Niamey of Niger. Twelve VES surveys, each of AB spacing 400 m were carried out in lateritic and
granitic rock formations with a view to study the layer response and to delineate the potential zones.
Potential aquifer zones were at shallow depth ranging from 10 to 25 m for the drilled borehole depth
of 80–85 m in every village. Analysis of the result showed a good correlation between the acquired data
and the lithologs.
Keywords. Vertical electrical sounding; groundwater; aquifer zones; borehole litholog; Niamey.

1. Introduction
Niger is a semi-arid and one of the driest
countries in Saharan region where the only source
of surface water is the Niger River which lies mostly
outside the country and is primarily exploited to
irrigate a limited land area. To meet the drinking
and domestic needs, the people of Niger primarily
depend on groundwater. Detailed knowledge of the
aquifer as well as understanding of aquifer composition is important for optimum groundwater

exploration especially in hard rock environment.
There is little information available on the mechanism and rate of groundwater recharge in Niger.
The shallow aquifers of the country are mainly
recharged by seasonal rainfall and ﬂooding, but in
recent years, rainfall has decreased about 25–40%
compared to the 1930–1960 period (Nicholson et
al. 2000). Recharge rates of aquifers in most areas
of the country are low, but in some locations the
dug wells are yielding suﬃcient amount of water
but are very limited in numbers. Groundwater
1
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exploration also accompanies lots of uncertainties which needs to be tackled with scientiﬁc and
systematic approach.
In the early 1990s, hydrodynamics and
geochemical methods have been applied at a
regional scale to estimate natural groundwater
recharge to the unconﬁned aquifer (Leduc et al.
1997). For the delineation of the aquifer zones, the
direct current (DC) resistivity soundings method
is one of the most applied geophysical techniques
(Van Nostrand and Cook 1960; Zohdy 1974; Koefoed 1979; Patra and Mallick 1980). The electrical
resistivity of subsurface is a function of the voids or
pores between the particles which allow an electric
current to ﬂow through it. Therefore, layers with
large pores will have high resistivity value compared to a layer with tighter pore space between
its particles. Hence, the subsurface geological variations play an important role and a complex one
may add diﬃculties in exploration.
A total of 12 electrical sounding surveys using
Schlumberger array were carried out for groundwater exploration in Niamey, the capital city of
Niger. Like any other geophysical methods, DC
sounding gives smooth variation as a representative of subsurface changes with depth, which is
inverted to extract the subsurface representative
model. Five sites were validated with borehole
drilling data, providing us all the subsurface information to delineate the potential aquifer zones for
drinking water prospecting.

2. Field study
The study sites lie in the vicinity of Niamey,
the capital city of Niger, West Africa (ﬁgure 1)
is a metropolitan city covering an area of about
239.3 km2 bisected by the Niger River. The vertical electrical sounding (VES) proﬁles were 400
m long with some sites adjacent to the Niger
River to study the river inﬂuence and aquifer
system in these areas. It is situated on various formations of the Precambrian West African
shield (Liptako–Gourma region in the west) and
on Palaeozoic, Mesozoic and Tertiary formations of
the Iullemeden basin which extends from Algeria
over Mali to Benin and northern Nigeria (Geological setting in the Iullemenden basin, Greigert
1963). The study sites lies in the Precambrian
basement shield occurring in the west (Liptako),
where its geological boundary is also traced by
the river Niger (ﬁgure 1). It is partly concealed
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by dunes and smooth cover sands. Detailed maps
were established by Machens (1967) and Ferier
(1981), who divided the basement area into Prebirrimian, Birrimian, and Dolerites of younger age.
The batholiths are composed of granites, granodiorites and quartz-bearing diorites. Schists with
high metamorphism and intercalations of magmatic rocks occur locally between the Prebirimian
and the Birimian formations.
The sedimentary formation in the Iullemeden
basin can be divided into (a) series of Infracambrianage, (b) the Perm to Cretaceous ‘continental ‘intercalaire’, (c) the upper Cretaceous
to lower Eocene ‘continental hamadien’, (d) the
Eocene to Pliocene ‘continental terminal’, and
(e) Quaternary alluvial deposits, dunes and sand
deposits (Machens 1967). The ‘continental terminal’ deposits cover the central part of the lullemeden basin. The base was assigned by Greigert and
Pougnet (1967) to the middle Eocene, whereas
Machens (1973) indicated an approximatively MioPliocene age for the middle to upper strata. Several
types of alluvial deposits of various compositions
are found along the Niger River and its tributaries (Thevoz et al. 1994). This formation can be
expected to be the main potential aquifer. Therefore, precise identiﬁcation of the layer thickness is
required.

3. Methodology
3.1 DC electrical method
DC electrical method also knows as vertical
electrical sounding (VES) is one of the simplest and
most widely used geophysical methods for unravelling subsurface structure for various geotechnical
purposes such as groundwater exploration by citing a borehole site, determining depth to bedrock,
aquifer system, suitable site of landﬁll, assessing extent of leachate contamination at landﬁll
site, estimating hydraulic conductivity and natural recharge, etc. (Keller and Frischknecht 1966;
Kelley 1977; Patra and Mallick 1980; Kelly and
Frohlich 1985; Chand et al. 2004; Chandra 2006).
VES provides information about change in the
lithology with depth by means of measured resistivity at surface. A number of electrode conﬁgurations, viz., Wenner, Schlumberger, dipole-dipole,
pole-dipole, Lee-partitioning, buried bipole-pole,
Mise-a-la-masse, etc. are used for various purposes
depending on the objective.
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Figure 1. (a) Geological map of Niamey, Niger, Africa and (b) VES locations in Niamey.
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In Schlumberger conﬁguration, all the four
electrodes are kept in a line similar to that of Wenner array, but the outer electrode spacing is kept
large compared to inner electrode spacing (usually more than ﬁve times). For each measurement,
only the current electrodes are moved keeping the
potential electrodes at the same locations. The
potential electrodes are moved only when the signal
becomes too weak to be measured. The apparent
resistivity (ρa ) for this conﬁguration is computed
with the formulae (equation 1):
 AB 2  M N 2 

− 2
ΔV
2
ρa =
π
(1)
MN
I
where AB is the distance between the current
electrodes and MN is the distance between the
potential electrodes.
The resistivity measurements were made by fully
automated resistivity meter named Junior Syscal
resistivity meter and Syscal pro-resistivity meter.
Typically, a combination of four electrode forms
an array where pair of electrodes are used to inject
electrical current (I) into the ground and another
pair of electrodes are used to measure the resultant
potential (V ). The greater the distance between
the current electrodes, the deeper the investigation (Roy and Apparao 1971a,b). VES determines
the resistivity distribution as a proxy of subsurface
setup.
The ratio of measured potential diﬀerence (ΔV )
between the pair of potential electrodes and injected
current (I) and, between current electrodes gives
the resistance that changes the dimension of measurement setup. The resistance multiplied with

geometrical factor (K) gives apparent resistivity as
per equation (2) given below:
ρ=K

ΔV
.
I

(2)

Geometrical factor is determined based on the
electrode setup, which can be seen in various literatures and publication (Bogatyrev 1963; Zohdy Adel
1970; Rhett 2001). The VES data acquisition were
carried out with diﬀerent AB/2 spacing ranging
from 200 to 300 m, according to the space available at each respective site. The measured apparent
resistivity data is processed using Interpex 1D inversion software and inverted to determine
the subsurface structure (Dey and Morrison 1979;
Fitterman et al. 1988; Inman et al. 1975; Johansen
1977; Slichter 2004).
4. Results and discussions
A total of 12 soundings were carried out, equally
distributed along the Niamey region with a view of
covering the whole area geologically. VES responses
are interpreted below followed by the drilling
validation for the data accuracy and reliability.
• Site-1 (Tchoroudi Elh Sadoua Village): This site
shows ﬂat topography with sandy soil belonging
to lateritic terrain and granites as basement. The
‘KH’ type’ curve’s (ﬁgure 2) top layer resistivity
(>1400 Ωm) up to 4 m depth may be attributed
to sandy soil followed by sharp increase in resistivity indicating hard laterite zone. The decreasing resistivity may indicate weathered granite
or saturated lateritic layer up to 25 m depth.

Figure 2. Interpreted VES model of site 1 (Tchoroudi Elh Sadoua Village).
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Figure 3. Interpreted VES model of site 2 (Soudoure Peulh Village).

Figure 4. Interpreted VES model of site 3 (Timire 3 Village).

Further high resistive zone (>3500 Ωm) may
indicate that granitic zone up to 55 m depth and
possibly some fractures marking the low resistivity response (∼750 Ωm) is observed beneath this
zone extending up to 80 m depth.
• Site-2 (Soudoure Peulh Village): This site is
characterized with ﬂat topography with laterite surface and gneiss out crops observed
during the survey. Geological feature shows lateritic patches over surface followed by granite
gneiss as basement. The curve (ﬁgure 3) is ‘QH’
type with resistivity parameter decreasing with
respect to depth. The high resistive top layer
(∼2500 Ωm) may be attributed to dry sandy
soil up to a depth of 16 m. Resistivity variations is observed in the sand layer due to
mixture of loose and compact sand. The sudden

low resistive zone beyond 15 m depth could be
attributed to high yielding shallow aquifer zone
or weathered and saturated layer beneath the
sandy layer and could be a possible reason for
such low resistive layers extending up to 70 m
depth.
• Site-3 (Timire 3 Village): This site shows undulating topography, occupied by ﬁne to medium
sand. This zone is located over the Niger River
bed surrounded by lateritic hills. The curve (ﬁgure 4) is ‘KH’ type. The top layer high resistivity
(>6000 Ωm) is attributed to dry sand up to 5 m
deep followed by low resistivity indicating highly
saturated or weathered layer up to 40 m depth.
Shallow aquifer may be encountered and its inﬂuence could also be the reason for sudden decrease
in resistivity. The sudden increase in resistivity
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Figure 5. Interpreted VES model of site 4 (Bougouroum 2 Village).

Figure 6. Interpreted VES model of site 8 (Lokoto 2 Village).

could be attributed to granites below extending
up to a depth of 80 m.
• Site-4 (Bougouroum 2 Village): The site is
characterized with ﬂat topographic surface occupied by ﬁne-to-medium sand. Geologically the
area belongs to lateritic terrain. The curve (ﬁgure 5) is ‘KH’ type and the increase in resistivity response in the top layer could (>2500
Ωm) be attributed to dry loose sand with some
moist beneath dry sand till 15 m depth. The
increase in resistivity parameter of the next
layer may indicate dry lateritic zone up to 25
m (∼200 Ωm). Sudden decrease in resistivity
below lateritic layer may indicate highly weathered granitic layer up to 65 m depth and could
be the aquifer zone followed by granites with
possible fractures extending up to 85 m and
beyond.

• Site-8 (Lokoto 2 Village): This village is
characterized with little undulating topography
with silty soil surface. This site is located over
the Niger River bed similar to site 3 and surrounded by lateritic hills. The curve (ﬁgure 6) is
‘KH’ type with top layer resistivity is attributed
to dry sand (>6000 Ωm) up to a depth of 6 m followed by weathered laterite or highly weathered
granite up to a depth of 45 m. The signiﬁcant
rise in resistivity to 2500 Ωm is attributed to
hard granitic layer extending up to 80 m and
beyond.
The interpreted models are classiﬁed as
geoelectrical sections and compared with the borehole logs which are a sheer tool for correlation and
data accuracy. Table 1 presents the geoelectrical
stratiﬁcation for all the VES survey carried out in
Niamey, Niger along with the isoresistivity sections
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–
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–
–
–
–
–
–
59.5
–
344.4
109.3
–
303.7
–
549.8
430.8
–
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–
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–
40.47
44.52
–
12.24
–
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–
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VES-1
VES-2
VES-3
VES-4
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27.63
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0.39
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0.4
1.16
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0.3
0.91
0.42
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0.48
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6370
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1428.5
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3.47
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0.58
4.75
2.3
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1.32
2.37
8.07

460.87
369.8
10.09
53.95
9.5
217
63.49
13.91
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54.25
22.77
71.27

22.2
2.91
27.8
10.05
1.69
15.71
3.03
32.28
8.05
4.95
30.36
10.56

3636.4
989.4
3178.9
138.18
77.3
9.65
177.6
2543
612.1
482.8
23.68
266.2

51.08
7.18
–
10.9
5.08
34.8
5.14
–
15.71
10.53
–
14.88

756.09
29.8
–
27.63
13.09
142.3
92.3
–
52.39
66.99
–
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Resistivity
(Ωm)
Thickness
(m)
Resistivity
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Resistivity
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(m)
Resistivity
(Ωm)
VES
point

Resistivity
(Ωm)
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Layer 2
Layer 1

Table 1. Geoelectrical layer parameters of VES sites
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(m)
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(m)

Layer 5
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(ﬁgure 7). From the isoresistivity map, it can be
seen that the top layers are high resistivity layers due to sand domination. Resistivity variations
in some layers indicate the eﬀect of the saturated
and weathered material. The expected water striking zone indicated from the VES curve response is
assumed to be at shallow level (<25 m) indicating
potential shallow aquifer zones. Few fractures may
be encountered deep in granites.
4.1 Drilling and validation
Veriﬁcation of the interpreted 1D resistivity results
is an important factor for the favourable anomaly
identiﬁcation. The resistivity map and soundings
interpretation results clearly show that the vertical extension of the potential aquifer zone ranges
less than 20 m. This increases the vulnerability of
the groundwater resources. Nevertheless, the granite basement could present local variation in the
weathered proﬁle and provides potential aquifer
zones that can be missed due to the interpolation
of the VES data. Hence a validation by drilling
is required. Five sites with available lithologs are
brieﬂy interpreted below for the drilling validation.
The interpreted sites are correlated with the
drilled lithologs to delineate the potential aquifer
zones. The drillings in sites 1–4 and site 8 between
the depths of 80 and 85 m encountered sand layer,
lateritic and granitic layer mostly in all the sites.
Some of the drilled bore well sites also show weathered layer and fractures in granites as expected
from the VES subsurface model which is adversely
aﬀecting the resistivity parameter to a large scale.
Site 1 (Tchoroudi Elh Sadoua Village) drilling
results showed good correlation with the VES
model (ﬁgure 8). The subsurface layers were found
to be matching with the VES model. The top
sandy layer is extending up to 6 m deep followed by laterites up to 15 m. The water struck
at 15 m right at the contact zone depicting
very shallow aquifer. The decreasing resistivity
observed in interpreted VES model was due to
the weathered granitic layer up to a depth of
25 m followed by granites extending up to 80
m which was marked by high resistivity parameter. A small fracture has also been encountered
at 48 m indicating the probable reason for the
sudden low resistivity observed in the granitic
layer.
Site 2 (Soudoure Peulh Village) drilling was done
to a total depth of 85 m (ﬁgure 9). The interpreted
model correlated well with the top sandy soil layer
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Figure 7. Isoresistivity map of the layer parameters.

extending deep up to a depth of 18 m followed
by low resistivity layer depicting the corresponding layer as a saturated layer due to the eﬀect of
shallow aquifer present above. Water struck at 18
m with high yield (2–3 in.) in the sand–laterite contact zone similar to site 1. Highly weathered granite
up to a depth of 46 m was encountered below the
saturated lateritic layer, which indicates the possible reason for low resistive parameter. Further
deep down to 70 m, the fracture zone might have
inﬂuenced the resistivity parameter which was well
interpreted from the VES model.
Site 3 (Timire 3 Village) drilling was also done to
a total depth of 85 m (ﬁgure 10). The interpreted
model showed sudden decrease in resistivity immediately after the top high resistive layer. Drilling
resulted the top high resistive layer as dry sand followed by saturated laterite and weathered granite
marked by low resistivity response. Shallow aquifer
striking at 18 m depth possibly inﬂuenced the top

and below layer’s low resistivity up to 35 m depth.
The sudden rise in resistivity clearly shows the
presence of granites extending up to 85 m depth.
Site 4 (Bougouroum 2 Village) drilling results
show high resistive sandy top layer up to a
depth of 2 m (ﬁgure 11). Water struck at 23 m
depth, adversely aﬀecting the resistivity parameter of top sand layer. Highly weathered granite up to 50 m depth beneath the dry lateritic
layer showed low resistivity response. The sudden increase in resistivity parameter beyond 65 m
depth is due to granitic layer. Fractures in granitic
layer resulted in resistivity variations as observed
in VES model.
Site 8 (Lokoto 2 Village) showed usual high
resistive response in the top sandy layer followed
by weathered laterite and weathered granitic layer
to a depth of 40 m was marked by low resistive
response (ﬁgure 12). Granitic layer beneath the
weathered layer showed high resistivity parameter
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Figure 8. VES model (linear) depth and lithologs validation of study site 1.

Figure 9. VES model (linear) depth and lithologs validation of study site 2.
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Figure 10. VES model (linear) depth and lithologs validation of study site 3.

Figure 11. VES model (linear) depth and lithologs validation of study site 4.
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Figure 12. VES model (linear) depth and lithologs validation of study site 8.

extending up to 85 m deep. Shallow aquifer at 11
m also inﬂuenced the layer resistivity. A fracture
was encountered at 42 m depth. Drilling result
correlated well with the VES model.
It has been observed that in all the sites, the
top sand layer (2–15 m) showed high resistivity
contrast whereas decrease in resistivity parameter
indicates saturated and highly weathered material
which is in good agreement with the interpreted
resistivity models. Very shallow aquifers which
inﬂuenced the layer’s resistivity response were
delineated eﬃciently. The high resistive layer is
inferred to granite structures extending up to 80 m
and beyond in all the sites. Few expected fractures
from the sounding response in the granitic formations were encountered in the lithologs. Hence,
with all the positive agreement the drilled bore
well lithologs correlate very well with the above
interpreted resistivity models.
5. Conclusion
VES survey has been carried out in the areas
of Niamey city to locate the potential aquifer

zones for groundwater prospecting. The areas were
surrounded by laterite hills with outcrops of granitic
rocks. The subsurface information derived from
the sounding data shows that the study areas
are mostly lateritic formations followed by granitic
formations. The top layer is relatively dry and
shows high resistivity with a downward decrease
in resistivity for the following few layers which
corresponds to the aquifer layer. The high resistive top layer (>1000 Ωm) depicts the sandy soil
layer covering few meters deep. The following saturated lateritic and weathered granitic formations
revealed low resistivity contrast. The identiﬁed
potential aquifer zones were at shallow level ranging from 10 to 25 m for the drilled borehole up to a
depth of 80–85 m, similar to the nearby dug wells
revealing very shallow aquifers ranging from 5 to
15 m deep. The lithologs were very useful to differentiate the layer boundaries and delineate the
formations precisely. The sounding response correlates very well with the drilled bore well data
and proves that the vertical electrical sounding
method is still an eﬃcient method for groundwater
prospecting.
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du Brgm, Paris, 273p.
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