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Abstract
The need to address the acute water shortage problem within the Ahmadu Bello University Zaria Campus in Samaru 
necessitated this groundwater exploration project. 2D geoelectric imaging and vertical electrical sounding (VES) surveys 
were carried out to investigate the groundwater potential of the study area. The 2D geoelectric models and sounding 
curves obtained were correlated with existing borehole logs obtained from the area, hence validating the results from 
the 2D resistivity survey. Results from the surveys showed three-layer lithologies with varying thicknesses and resistivity 
values. The topsoil showed resistivity values of between 4 and 170 Ωm, characteristic of clayey sand and sandy materials. 
The second layer is characterized by resistivity values ranging between < 4 and 90.6 Ωm, coinciding with zones of the 
weathered basement. The third layer which has resistivity values ranging between 90 and 550 Ωm constitutes the base-
ment rocks. The thicknesses of the weathered regoliths favourable for groundwater exploration vary from 13.4 m around 
the Amina Hall, 16.7 m northeast-southwest of Akenzua Hall, 21.2 m northwest-southeast of Akenzua Hall, 24.3 m around 
Alex Hall and 25.3 m around the Suleiman Hall. These very important parameters reveal the groundwater potential of the 
study area and therefore suggest that groundwater can be developed and harnessed for use by the University but with 
a greater yield around the Alex and Suleiman Halls. VES survey was integrated with the 2D resistivity survey to provide 
information that compliment results from the 2D resistivity survey. The sounding curves were A-Type and H-type curves 
exhibiting low resistivity values (5–24 Ωm) within the second layer.
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1  Introduction

Groundwater is a crucial resource used as an alternative 
source for drinking water  [17] and also a viable source 
for meeting domestic water needs such as bathing, cook-
ing, and washing. This can be attributed to the fact that it 
is safe, economical, available and is generally more pro-
tected from contamination as compared to surface water  
[25]. Generally, groundwater is not too hard to locate in 
Zaria environ in terms of depth, as the water table is within 
a few meters below the surface of the ground. However, 

the yield of boreholes is frequently low and water supplies 
do not have long-term sustainability [14]. This challenge 
is attributed to a lack of geophysical or inadequate geo-
physical investigation before the citing of boreholes.

Resistivity survey aims to investigate the subsurface 
resistivity distribution by carrying out measurements on the 
surface of the ground. From these measurements, the true 
electrical property of the subsurface can be revealed. The 
method involves sending electrical currents into the subsur-
face via two current electrodes, while the electrical poten-
tial difference is measured between two other potential 
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electrodes along a predetermined profile. This process is 
repeated in a systematic manner such that for many differ-
ent combinations of source and receiver, data-set is obtained 
from such an operation to enable the construction of a cross-
section through the survey area. The resulting cross-section 
of the subsurface represents a spatial distribution of resistiv-
ity, which is closely linked with the internal architecture of 
the body. The electrical characteristics of various geological 
substances enable geoscientists to noninvasively image 
structures in the subsurface. The ground electrical property 
is related to the different geological properties such as the 
porosity and degree of water saturation in the rock, and min-
eral and fluid content.

The electrical resistivity techniques are increasingly being 
employed in the study and evaluation of groundwater 
potential and mining survey [22], geotechnical investiga-
tion, environmental contamination and geological mapping 
[6, 8, 10, 19]. The method is usually deployed in contamina-
tion study as a result of their ability to discriminate between 
areas free of contamination and the contaminated zones [7]. 
Improved technology over time led to the development of 
electrical resistivity Tomography or electrical imaging tools 
with 3D and 2D data interpretations. With this new develop-
ment, the subsurface property is unraveled and improves 
better knowledge of the geologic situation. Other areas of 
application of resistivity techniques are being developed 
as knowledge improves and challenges in many areas of 
human endeavour called for an audience.

As a result of the rapidly growing population and the 
pressure on the existing borehole facilities within the 
Ahmadu Bello University community, Samaru Campus, there 
was a need for intensive groundwater prospecting on cam-
pus to address the problem of acute water shortage faced 
by residents of the University. This geophysical survey was 
therefore designed to explore the groundwater potential 
within the campus to guide the University on the appropri-
ate locations to site boreholes. Since 2D electrical imaging 
gives more detailed information on the subsurface geology, 
the present survey was structured to obtain appropriate 
images of the study area to delineate appropriate locations 
for groundwater exploitation. In doing this, an attempt was 
made to establish a correlation between geologic and geo-
electric information from the area under investigation. It is 
hoped that this information would enhance the success rate 
of future groundwater exploration and exploitation in the 
area.

2 � Location and geology of the study area

The study site is located within the Ahmadu Bello Uni-
versity main campus in Zaria (Fig. 1). It is approximately 
bounded by latitude 11°091 N and 11°101 N longitude 

7°381 E and 7°391 E. It is a part of the gently undulating 
peneplain that extends from Lake Chad to Sokoto and 
Northward from Southern Kaduna into the Republic of 
Niger. The slope within the Zaria environment is gener-
ally less than 4° with the exception of those of inselbergs, 
lateritic mesas and river valleys. Two distinct seasons are 
identifiable in the Zaria area, and they are the dry and 
rainy seasons. The wet season lasts from April to October, 
with the maximum rainfall in August. Zaria has a mean 
annual rainfall of 1082 mm [15]. Land use/cover change 
assessed by Aminu et  al. [9], through a time-series 
analysis of Landsat Thematic Mapper 1990, Enhanced 
Thematic Mapper + ,1999 and NigeriaSat-1 2009 satel-
lite imageries of the study area suggests that the major 
changes in land use/cover were in the plantation and 
cultivated areas with very significant increase in areal 
extent by (19.8% and 13.8% gain, respectively) while cul-
tivated land and water bodies depreciated with a loss 
of about 386 km2 (− 2.73% loss) and 20.7 km2 (− 5.5% 
loss). Zaria is underlain by Precambrian rocks typical of 
Nigeria basement complex, which bear the imprint of 
thermo-tectonic event dating from Achaean to early 
Paleozoic times [18]. The study location is underlain 
by Precambrian rocks of the basement complex with 
muscovite biotite-gneiss in the south-western part of 
the campus, while the north-eastern part is underlain 
by biotite granite-gneiss [12]. The entire area is gener-
ally underlain in part by Pre-Cambrian rocks which lie in 
the mobile zone between the West African and Congo 
cratons (Fig. 2). These Pre-Cambrian rocks are made up 
of gneisses, migmatites and metasedimentary rocks 
trending north–south and intruded by a series of mafic-
ultra-mafic and granitic rocks of late Pre-Cambrian to 
early Palaeozoic age as reported by McCurry, [18]. The 
summary of the hydrogeological findings according to 
the works of Danladi, [11], Alagbe, [5] and Adanu, [1] is 
as follows,

•	 Fresh crystalline rocks contain no water.
•	 Two types of aquifers, the fractured rock and regolith 

aquifers are present,
•	 The specific yield of boreholes was observed to be 

similar in all rock types probably because the rego-
lith aquifer of the different rocks possesses similar 
hydraulic properties. To successfully sink a borehole 
in a crystalline environment like Zaria where the 
groundwater aquifer is fairly complex and heteroge-
neous, there is the need for a thorough investigation 
of the subsurface geology and hydrogeology in con-
siderable details. Long time in-place breakdown of 
the basement complex rocks under tropical climates 
often time produces a sequence of unconsolidated 
sediments that are usually extensive and of varying 
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thicknesses. The occurrence of groundwater around 
such zones is determined by several parameters 
which include the extent and pattern of weathering, 
the depth, parent rock type, the sand/clay ratio, thick-
ness of the weathered materials, and the degree of 
fracturing, fissuring and jointing [24]. It is vital that 
the hydrogeological parameters of the rocks are well 
investigated and interpreted for adequate ground-
water development, modeling, well design and con-
struction especially for localities lacking such useful 
information [2].

3 � Materials and method

The 2D resistivity study was accomplished with the aid 
of a multi-electrode Lund imaging instrument, SAS 4000. 
The resistivity parameters were obtained along predeter-
mined profiles using the Wenner array, with 5 m spacing 
between 40 copper steel electrodes. The length of each 
profile along the predetermined line was 200  m. The 
choice of the Wenner configuration was because of its 
advantage to provide good vertical resolution and clear 
image for groundwater and sand-clay boundaries as hori-
zontal structures [3]. The borehole logs with which the 2D 
images were constrained were obtained from Hydro-Skill 
engineering services limited around the area. The digital 
measuring instrument, together with an electrode selec-
tor, was used to select the relevant four electrodes for each 
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measurement automatically. The type of configuration to 
use, the sequence of measurements to take, and other sur-
vey parameters were imputed into a text file that can be 
read by a computer program in a laptop computer. With 
the aid of the software, the appropriate electrodes for each 
measurement were then automatically selected. During 
the survey, the data set was obtained automatically and 
stored in the measuring instrument, where they were later 
retrieved for further processing. The data were processed 
and inverted using the RES2DINV.EXE inversion algorithm. 
The algorithm calculates the apparent resistivity values 
using finite difference forward modeling and quasi-New-
ton technique. It produces the inverted resistivity–depth 
image for each profile based on an iterative smoothness 
constrained least-squares inversion algorithm [16].

VES survey was integrated with the 2D resistivity survey 
to provide information that compliment results from the 
2D resistivity survey. To achieve this, five VES profiles were 
measured along the 2D resistivity lines employing the 
Schlumberger spread, with the midpoint of spread coin-
ciding with the middle of the 2D resistivity line (Fig. 1). The 
partial curve matching technique was utilized for process-
ing and interpretation of the VES curves. Thereafter, the 
sounding parameters were further processed using the 

WINRESIST computer software to smoothen the curves 
and also carrying out iteration to get the curves of the best 
fit to the theoretical models. The layer parameters (thick-
ness, depth and resistivity) derived were used to generate 
the geoelectric sections.

4 � Theory of the method used

In practical resistivity survey, we have a bi-polar arrange-
ment of electrodes where current goes in at one point and 
goes out through another, the potential at any point due 
to such arrangement is given as shown in the Schlum-
berger configuration in Fig. 3.

Since the distance between the two point current elec-
trodes is finite, both will contribute to the potential at any 
nearby surface point. Therefore, the potential at P1 due to 
both current electrodes is;

If a second potential electrode is introduced at P2

(1)U1 =
I�

2�

(

1

r1
−

1

r2

)

Fig. 2   Geological map of study area. Source [20]
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Then, the potential difference between p1and p2 will be;

In practice, there is a flow of current when there is 
potential gradient. When one potential electrode is used, 
there no potential difference established. Hence, four 
electrodes are used in normal resistivity surveys. Current 
flow between two current electrodes is measured and a 
receiver measures in potential difference.

From Eq. 2;

Or

K = Geometric factor which depends on the type of elec-
trode array used.

By measuring ∆U and I and knowing the electrode con-
figuration, resistivity, ρ can be calculated.

(2)U2 =
I�
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5 � Results from the experiments

Figure 4 shows the inverted 2D resistivity model of the 
heterogeneous subsurface obtained on profile 1, trending 
northeast-southwest of the Akenzua Hall. Figure 4a and b 
represents the observed data plotted as a measured appar-
ent resistivity pseudosection and the calculated apparent 
resistivity pseudosection, respectively, while Fig. 4c shows 
the model displaying the inverse model resistivity section 
(true formation resistivity and true depth). The measured 
and calculated apparent resistivity pseudosections for all 
the models give a good true representation of the subsur-
face, as reflected in their Root Mean Square (RMS) values. 
The first layer on the geoelectric model is characterized 
by resistivity values ranging between 19 and 100 Ωm. 
This unsaturated topsoil, when constrained with avail-
able lithology log (obtained from Hydro-Skill engineering 
services limited around the area) at the centre of the line 
(Figs. 4 and 5), is made up of reddish-brown clay and sand. 
The 2D section shows greater thickness of the topsoil from 
the beginning of the profile to the centre, as reflected in 
the low resistivity values. The thickness of this layer varies 
from 5 to 8 m. The second layer indicates resistivity values 
ranging between 30 and 50 Ωm. The layer is interpreted as 
the weathered basement made up of greyish brown sandy 
clay and classified as an aquifer favourable for groundwa-
ter exploration. This layer exists between the depth range 
of 8 m and 18 m, and it is being recharged through the 
overlying layered sediments. The third layer, like the first 
and second, has varying resistivity values ranging between 
90 and 150 Ωm. This is attributed to the fresh basement. 
The high resistivity structure is prominently displayed at 
the base of the model and occurs as a basement rise from 
a distance of about 110 m to the end of the profile. The 
variation of the thickness of this basement structure across 

Fig. 3   Schlumberger electrode 
configuration
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Fig. 4   Electrical imaging line on profile 1, with borehole-log at the centre (a) observed data plotted as a contoured pseudosection (b) pseu-
dosection computed from the model and (c) image showing true formation resistivity and true depth

Fig. 5   Borehole logs used to constrain Profiles 1–3 (After Hydro-Skill Engineering Services Limited [13])
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the section suggests that there was no uniform weather-
ing across the area. The thickness of the weathered materi-
als from a distance of about 50 to 110 m along the section 
and depth of about 22 m from the surface vise-a-vise the 

basement rise at the beginning and toward the end of the 
profile will create a conducive environment for the accu-
mulation of groundwater in this area (Fig. 6).  

Figure 7 shows the 2D geoelectric section obtained on 
profile 2, oriented northwest-southeast of the Akenzua 
Hall. When correlated with the lithology log in Fig. 5, the 
area is also characterized by three layers. The topsoil along 
this line is made up of reddish-brown topsoil and sandy 
clay characterized by resistivity values ranging between 
10 and 80 Ωm. The thickness of this layer varies between 
3 and 9 m along the profile and also clearly shows a rela-
tively larger thickness of weathered materials between 0 
and 100 m along the line and depth of 29.3 m. like profile 
1, the 2D image also revealed the basement rise in the 
second half of the profile as depicted by the high resistiv-
ity structure along 130–165 m along the line. The second 
layer with varying thickness values ranging between 13 
and 20 m is characterized by resistivity values between 
10 and 650 Ωm. The first half of this section, beginning 
from 0 to 100 m along the line and depth of 29.3 m, indi-
cates lower resistivity values (< 19.3–70 Ωm). This is, as a 
result, the presence of weathered materials (made up of 

Fig. 6   Borehole logs used to constrain Profiles 4 and 5 (After Hydro-
Skill Engineering Services Limited [13])

Fig. 7   Electrical imaging line on profile 2, with borehole-log at the centre (a) observed data plotted as a contoured pseudosection (b) pseu-
dosection computed from the model and (c) image showing true formation resistivity and true depth
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medium-grained sand and greyish brown sandy clay) and 
is interpreted as the hydrogeological unit. The 2D resistiv-
ity model nicely picked up this considerable groundwater 
resource (thickness of aquifer) due to the deepening of 
the basement rock occurring within the first half of the 
model. The third layer along this profile is interpreted as 
the basement structure directly underlying the weathered 
basement rock. It has varying resistivity values ranging 
between 230 and 550 Ωm. The high resistivity signature 
occurs around the 130–160  m mark along the profile 
length. The 2D section shows the increase in the depth to 
the bedrock at 0 m and 100 m laterally along the profile at 
a depth of 29.3 m from the surface of the earth. Tying the 
geologic sections in Table 1 with all the resistivity mod-
els (geoelectric sections), there is a strong correlation 
between the interpreted layers of rock on the geoelectric 
sections and the geologic section in terms of the number 
of layers (with a difference of ± 4 m), thicknesses of each 
layer and the types of materials present.

Figure 8 shows the 2D resistivity model acquired along 
profile 3 with northeast-southwest orientation around 
the Amina Hall. The profile revealed only two layers when 
tied with the borehole log for the area (Fig. 5). But the first 
half of the profile from 0 to 100 m along the line revealed 
three layers. The first layer with resistivity values ranging 
between 28 and 100 Ωm and varying depth of between 
5 and 8 m is characterized by reddish-brown topsoil and 
sandy clay from a distance of 82–200 m along the profile. 
Unlike profiles 2 and 3, the topsoil from the beginning 

of the profile to a distance of about 82  m, and depth 
range of 1.3–5 m shows relatively higher resistivity values 
(169–400 Ωm). This is attributed to dry clayey sand. The 
second layer with resistivity values ranging between 4 and 
60 Ωm from a distance of about 40–200 m and varying 
depth range of between 6.4 and 19.8 m is interpreted as 
the weathered basement rocks characterized by coarse to 
medium-grained sand. This zone is inferred as the pros-
pect and potential groundwater resource for this area. 
Interestingly, the 2D image clearly revealed some sort of 
stratigraphic pinch out associated with the second layer 
on the first half of the profile. The third layer on this part 
is characterized by a basement rise from a distance of 
about 5–100 m and varying depth range of between 6.5 
and 18 m.

Profiles 4 and 5 were obtained around the Alex and 
Suleiman Halls and are shown in Figs. 9 and 10, respec-
tively. The lines were oriented along the northwest-south-
east and northeast southwest direction, respectively. 
When correlated with the available lithology logs shown 
in Fig. 6, the models revealed the existence of three layers. 
The 2D model on profile 4 shows high resistivity bedrock 
overlain by materials of varying resistivity. The topsoil here 
is characterized by sandy clayey material of very low resis-
tivity (4–20 Ωm) along the profile length, with a varying 
thickness of between 4 and 8 m. Underlying the topsoil 
is the weathered basement unit with varying thickness of 
between 6 and 21.3 m and characterized by greyish-brown 
sandy clay, fine to medium-grained sand, coarse-grained 

Table 1   Lithology, aquifer and geologic section around the study area

Profiles Subsurface materials Depth range (m) Thickness (m) Interpreted lithology Hydrogeologic 
characteristics

1 Overburden 0–8 8 Reddish brown top soil –
Weathered basement 8–18 10 Greyish brown sandy clay Aquifer
Fresh Basement 18–25 Coarse porphyritic granite –

2 Overburden 0–9 9 Reddish brown top soil and sandy clay –
Weathered basement 9–22 13 Greyish brown sandy clay, Mottled Clay and Coarse/

Medium grained sand
Aquifer

Fresh basement 22–27 9 Coarse porphyritic granite –
3 Overburden 0–8 8 Reddish brown top soil and sandy clay

Weathered basement 8–25 17 Greyish brown sandy clay, Coarse/fine/medium grained 
sand and medium grained sand

Aquifer

Fractured basement 25–37.5 Coarse/fine/medium grained sand –
4 Overburden 0–5 5 Reddish brown top soil and sandy clay

Weathered basement 5–25 20 Greyish brown sandy clay, Fine/medium grained sand, 
Coarse grained sand and medium grained sand

Aquifer

Fractured basement 25–40 Coarse/medium grained sand –
5 Overburden 0–8 8 Reddish brown top soil and sandy clay

Weathered basement 7–25 18 Greyish brown sandy clay, Fine grained sand and Coarse/
medium grained sand

Aquifer

Fractured basement 22–37 Coarse/medium grained sand –
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sand, and medium-grained sand. Due to the intense 
weathering of the rock layer, the rock unit is inferred as the 
prospect and potential groundwater reserve, which can be 
exploited. The substantial thickness of this material at the 
centre makes there the most appropriate location to cite a 
borehole. This zone is made up of resistivity values ranging 
between 20 and 70 Ωm. The third layer around this area 
marked with relatively higher resistivity values (100 and 
250 Ωm) is interpreted as the fresh basement rock.

The 2D resistivity image obtained along profile 5 
(Fig.  10.) exhibits varying resistivity values ranging 
between 4 and 170 Ωm. The region along the surface 
with relatively high resistivity values (24–170 Ωm) and 
depth from the surface to approximately 8 m coincide 
with dry sand. The water-bearing units (weathered base-
ment) occur within the second layer with varying thick-
ness of between 8 and 24 m. The resistivity value of this 
zone varies between < 10.7 and 90 Ωm and attributed 
to the presence of clayey and sandy materials of varying 
textures. The thickness of this layer is seen to increase 
from the end of the profile to the beginning of the line 

and therefore suggests that the appropriate location to 
site a borehole is within the first quarter of the profile. 
The third layer which is of relatively higher resistivity 
greater than 100 Ωm is probably a fractured basement.

Figure 11 shows the interpreted VES curves obtained 
at the centre of the five 2D resistivity profiles. While VES 
1 is an A-type curve with the second layer interpreted 
as an aquifer (Fig. 11a), VES 2–VES 5 are H-type curves 
with the second layers exhibiting relatively lower resis-
tivity values (5–24 Ωm) which may have been caused 
by the presence of groundwater (Fig. 11b–e). The third 
layer underlying the study area, with relatively higher 
resistivity (114.5–265.6 Ωm), could be attributed to the 
presence of the fractured/basement complex rocks.

6 � Discussion of results

By careful examination of the 2D resistivity models (resis-
tivity values), and using available geological control, some 
useful information was extracted from the sections gen-
erated from this study. The resistivity sections provided a 

Fig. 8   Electrical imaging line on profile 3, with borehole-log at the centre (a) observed data plotted as a contoured pseudosection (b) pseu-
dosection computed from the model and (c) image showing true formation resistivity and true depth
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visible image of the thickness of regolith (weathered over-
burden) and the distribution of various other litho-facies 
within the study area. The thickness of the overburden and 
the resistivity of rock materials are important hydrogeo-
logic parameters in groundwater development in a base-
ment terrain. The reason for this is that water flows into the 
saturated zone through the overburden [4]. The layer satu-
rated with water is characterized by low resistivity ranging 
between 4 and 90.6 Ωm, with varying thickness values and 
occurring within the second layer, whereas the unsatu-
rated rocks were usually characterized by high resistivity 
values. Omosuyi et al. [23] developed a scheme for rank-
ing of groundwater potential as a function of weathered 
basement resistivity. This classification shows that resistiv-
ity range between 20 and 100 Ωm is related to excellent 
weathering and groundwater potential. Comparing this 
with the result of this study (4 and 90.6 Ωm), it implies that 
the weathered basement rocks have great potentials for 
groundwater occurrence.

Traditionally, the VES technique is used to investigate 
the occurrence of the vertical distribution of the sedimen-
tary sequences of rock, the thickness of the water-bearing 
aquifers, and in detecting the subsurface geologic features 
that give a clue to the presence of groundwater. The VES 
data obtained from this study provided information which 
compliments results from the 2D resistivity technique. 
When compared with the 2D models, the results from the 
two experiments were found to be in good agreement 
and therefore validate the results from the 2D resistivity 
survey of the study area. The resistivity distribution within 
the subsurface, the number of layers, the thicknesses of 
the various layers encountered, and their depths of occur-
rence averagely coincided. Most of the field curves exhibit 
a similar pattern.

In terms of aquifer thickness, the 2D and VES geoelectric 
sections along all the profiles also provided useful informa-
tion about the groundwater potential. Olayinka and Olorun-
femi, [21], proposed values of overburden thickness ranging 

Fig. 9   Electrical imaging line on profile 4, with borehole-log at the centre (a) observed data plotted as a contoured pseudosection (b) pseu-
dosection computed from the model and (c) image showing true formation resistivity and true depth
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between 20 and 30 m for productive wells. Similarly, they 
also prescribed a minimum overburden thickness of 25 m 
for viable groundwater abstraction. The results from this 
research indicated that the thicknesses of the weathered 
regoliths favourable for groundwater exploration vary from 
13.4 m around the Amina Hall, 16.7 m northeast-southwest 
of Akenzua Hall, 21.2 m northwest-southeast of Akenzua 
Hall, 24.3 m around Alex Hall and 25.3 m around the Sulei-
man Hall. This very essential parameter reveals the ground-
water potential of the study area and therefore suggests 
that groundwater can be developed and harnessed for use 
by the University but with a greater yield around the Alex 
(24.3 m aquifer thickness) and Suleiman Halls (25.3 m aquifer 
thickness) when compared with the other locations.

The imaging technique has proved to be robust in the 
subsurface geophysical investigation. Most of the electri-
cal images generated correlated well with the results of 
borehole drilled in the investigated area. Thicknesses of 

water-bearing rocks play important roles in the accumula-
tion of groundwater, and based on the result obtained from 
this work, there is a variation of the thickness of sediments 
within the study area and the water-bearing horizon around 
the Alex and Suleiman halls are significantly thick and can 
support groundwater production.

7 � Conclusion

The integration of 2D resistivity imaging and VES survey 
produced reliable results revealing the actual subsurface 
geologic characteristics of the study area. The VES data 
obtained from this study provided information which 
compliments results from the 2D resistivity technique. 
The results were able to establish the most suitable loca-
tions for the siting of boreholes on the University Campus. 
Out of the 5 profiles investigated, profiles 4 and 5 (around 

Fig. 10   Electrical imaging line on profile 5, with borehole-log at the centre (a) observed data plotted as a contoured pseudosection (b) 
pseudosection computed from the model and (c) image showing true formation resistivity and true depth
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Suleiman and Alex Halls), located towards the northwest-
southeast and northeast-southwest of the study area, indi-
cated relatively large thicknesses of weathered materials 
overlying the basement rocks when compared with the 
other profiles. These hydrogeologic units constitute the 
aquifer in the area and vary between 13.4 and 25.3 m of 
thickness. Due to the significant thicknesses of the aquifers 

around the Alex and Suleiman halls, they are considered 
more promising for groundwater development.

Evaluation of the results and lithology logs around 
the area also revealed the presence of clayey materials in 
various proportions. Clay swells and shrinks as it absorbs 
and releases water, this repeated swelling and shrinking 
could be responsible for the structural failure of some of 

Fig. 11   Sounding curves obtained along the five 2D resistivity imaging lines (a–e)
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the buildings (tilting and sinking) seen within the environ-
ment where this survey was carried out. Therefore, there is 
a need for a more extensive geophysical and geotechni-
cal investigations of building foundation to avoid future 
structural failures around the study area.
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