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ABSTRACT
The usefulness of electrical resistivity anisotropy in rocks for improved geological mapping using electrical resistivity
survey could not be over emphasized. Electrical resistivity survey was employed in delineation and characterization
of the subsurface fractures within the migmatite and granite-gneiss rocks in a part of University of llorin, Nigeria.
Sixteen radial vertical electrical soundings were analyzed with the aim of using electrical resistivity anisotropy
properties to unravel the studied area geology or for groundwater exploration. Azimuthal resistivity soundings (ARS)
was carried out at four locations and at different distances. Four of such distances were analyzed, making a total of
sixteen points. Interpretations were both qualitative and quantitative involving radial plots, intensities of fracturing
and computer iterations. Electrical resistivity anisotropy is inherent in this area as observed from the electrical
resistivity data. The rose plot shows the preponderance of fractures in the N-S direction while the acquired data showed
the predominance of fractures in the N-S followed by the NE-SW and then the NW-SE directions which agree with
the geology of the study area and corroborate the fact that basement complex terrain of southwestern Nigeria is
characterized by NE-SW and NW-SE lineaments which cut across the earlier Pan-African structures. Result from this
study shows a fracture system that connote the study area as a reliable groundwater potential site. This is key to

sustainable groundwater resources and further planning in this environment.
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INTRODUCTION

Groundwater potential mapping in hard rock terrain is
relatively complicated due to complex variability in the
Basement terrain [1]. Hydrogeological investigations
are required extensively in Basement Complex terrains
for proper understanding of groundwater conditions [2,
3]. Evans and Myers [4] and Singh and Singh [5] noted
that several techniqgues commonly employed in
assessing groundwater potential of a terrain depends on
the available data which includes remote sensing and
Geographic Information System (GIS). Geophysical
surveys are typically carried out for the purpose of
determining the geoelectric parameters of formations,
identifying aquifer units and determination of their
depths and lateral extent. The radial vertical electrical
soundings were employed with the aim of using the
electrical resistivity anisotropy properties to study the
groundwater potential. In areas underlain by crystalline
rocks groundwater occurs in fracture zone or in highly
weathered Basement Formation [6]. It has been proven
that most river channels within the Basement Complex
terrain are fracture controlled [7], this illustrates that
drainage patterns within the Basement Complex are
good indicators of fracture geometry in the area [8]. In

the absence of river channels, other evidence of
fracturing includes lineaments, lithologic contact, fault
zone and luxurious vegetation growth [9, 10].

Study area

The study area is situated at the northern part of llorin
Sheet 223 (Figure 1). The area mapped covers part of
llorin south and lies within the University of llorin Main
Campus. The area lies within Latitude 8.46666° —
8.48333° N and Longitude 4.67138° — 4.68333° E
covering an area of 0.87 Km2 The University of llorin
lies within the Basement Complex terrain of
southwestern Nigeria. The Basement Complex terrain is
generally represented by series of older metasediments
and gneisses that are known to be of Precambrian to
Lower Paleozoic age [11]. This area is inhabited by a
community of indigenous rural people and students of
the University, who lack access to municipal water
supply. The inhabitants rely mainly on low Yyield,
pollution prone and annual shallow wells. Attempts to
construct deeper borehole was made by the United
Nations International Children's Emergency
Fund (UNICEF)/Rural Water Sanitation
(RUWATSAN), an organ of the Kwara State
Government of Nigeria. The borehole drilled was
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successful and prolific but was not motorized, instead it
was installed with a hand pump which could only allow
one person at a time. A major step by the University of
llorin at solving water problem was the construction of
a dam across the major river that flows in a NE-SW
direction (Figure 1) across the campus, which has
actually assisted in meeting much of the water needs on
the campus but yet there is still insufficient water supply
as the population continues to grow at high rate [12, 13].
As a result of this, the need arises for a more detailed
evaluation of the groundwater potential of the area. This
research, which was aimed at determining the quantity
and direction of fractures in the subsurface and
provision of geological information, is part of the
necessary work for future development of groundwater
resources within the permanent site of the University.

Structural elements

Lineaments may result from faults, joints, folds,
contacts or other geological reasons, and are found in
igneous, sedimentary and metamorphic rocks [14]. The
rose plot of fractures in the study area as obtained from
Aromoye et al. [16], shows the preponderance of
fractures oriented in the NNE-SSW direction (Figure 2).
Faults and lineament features form the major tectonic

elements in this area and do not only structurally control
the drainage system but also the morphology of the
crystalline basement. They correlate with the general
geologic strike of the West African craton and
corroborate the fact that the Pan African in Nigeria was
followed by conjugate strike slip fault systems which
average in the NE-SW and NW-SE directions and
showed dextral and sinisterly sense of displacement
which cut across the earlier Pan African structures [17,
18].

METHODOLOGY

Radial Vertical Electrical Sounding (RVES) was carried
out along the N-S, NE-SW and NW-SE directions at 10
different locations over the migmatite and granite-gneiss
suites to observe the correlation between the measured
structural directions and the plotted anisotropy polygons
directions. The maximum spread of AB/2 in this area is
100m. When a formation is anisotropic due to the
presence of fractures, the apparent resistivity (pr)
measured normal to its strike direction is greater than
apparent resistivity (ps) measured along the strike
direction i.e. when Schlumberger or Werner array is
used but contrary when
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Figure 2: Rose diagram of lineaments at University of llorin (Adapted from Aromoye et al. [16]).

crossed square array is employed [19, 20]. The apparent
resistivity was measured along N-S, NE-SW and NW-
SE directions for a given AB/2 separation (e.g. 20, 30,
60 and 80m) and were plotted along their corresponding
azimuths (0-180°, 60-240° and 120-300°), while lines
having the same resistivity value along different
azimuths were joined together to produce a polygon. A
set of such polygons obtained corresponding to different
AB/2 separations is known as a polar diagram or
anisotropy polygon [20].

The major or longest axis of the ellipse, which
can fit any of such anisotropic polygon gives the strike
direction of the fracture. The coefficient of apparent

anisotropy (A, ) (i.e. degree of fracturing) is calculated

from each anisotropy ellipse (obtained from each
polygon) using the relationship [21]:

1)

where a and b are the semi major and semi minor axis of
the element. The values of A, are then plotted against

the corresponding AB/2 separations to obtain the
behavior of rock fracturing (qualitatively) at various
depths based on their variation. The apparent resistivity
anisotropy polygon of the four (4) RVES surveys done
was plotted and the coefficient of anisotropy was
calculated for each station as described in Habberjam
[22] and Lane et al. [19]. The preliminary interpretation
was done using partial curve matching and computer
iteration. Areas with the presence of two or more
interconnected fractures and high co-efficient of
anisotropy indicate intense fracturing, thus, a potential
site for the drilling of water borehole [23, 24].
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RESULTS AND DISCUSSION

Geophysical investigations

Figures 3 and 4 are the plots of apparent resistivity
values versus AB/2 along different azimuths in some
chosen locations within the study area. The geometry of
the wiggles representing the apparent resistivity
variations have shown a considerable presence of
anisotropy as the resistivity varies with azimuth at each
location. The results show that the KH curve types are
predominant with about fifty percent in the study area,
followed by the H and A type which form about 25
percent each.

Figures 5 to 8 show the plots of anisotropy
polygons for apparent resistivity at each depth with
respect to AB/2 in metres. Table 1 contains the result of
the interpreted fracture directions. The major or longest
axis of the ellipse which can fit any of such anisotropic
polygons, gives the strike direction of the fracture [20,
24]. The general trend of the strike is in the N-S
direction followed by the NE-SW and then the NW-SE
directions (Table 1 and Figures 5-8). This agrees with
the geology of the study area and corroborates the fact
that, ‘the effects of Pan African orogeny in Nigeria
include the conjugate strike slip fault systems which
trend in the NE-SW and NW-SE directions, which show
dextral and sinistral sense of displacement, and which
cut across the earlier Pan African structures [17, 18].
The degree of fracturing at depths 5, 7.5, 15 and 20 m
(i.e. AB/2 = 20, 30, 60 and 80m respectively) for
locations 3, 8, 9 and 10 have been interpreted and
included in Table 1. The intensity of fracturing is
generally high near the surface but attenuates at depth, a
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situation that is expected to suit hydrogeological
purposes or groundwater resources development.

Table 2 contains the coefficient of apparent
anisotropy (Aa) values used for the scatter diagrams that
shows the degree of fracturing at depth with respect to
electrode spacing AB/2 for each location and along
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different azimuths in the study area. Figures 9 (a) and (b)
are the scatter diagrams for locations 3 and 8
respectively. Their intensity of fracturing is prominent
at2.5m,
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Figure 3: Diagrams of Apparent Resistivity versus AB/2 at different Azimuths in locations 3 and 8
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Figure 4: Diagrams of Apparent Resistivity versus AB/2 at different Azimuths in locations 9 and 10
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Figure 5: Typical Radial Plots at Location 3 (a) AB/2 =20 m (b) AB/2 =60 m
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Figure 6: Typical Radial Plots at Location 8 (a) AB/2 =30 m (b) AB/2 =80 m
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Figure 7: Typical Radial Plots at Location 9 (a) AB/2 =20 m (b) AB/2 =80 m
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Figure 8: Typical Radial Plots at Location 10 (a) AB/2 =20 m (b) AB/2 =60 m

Table 1: Selected Values for Radial Plots and Interpretation of Fracture Direction
Loc- | Dist | Values Coeffic- Fracture Intensity of Fracture with Electrode
ation | ance ient of Direction | Spacing and the Geological
Apparent Application
AB/2 | — - — Aniso-
(m) 0 60 120 tropy (Aa)
3 20 68 47 58 1.6 N/S Intensity of Fracture increases with
30 119 116 113 2.8 N/S increase in electrode spacing. The
intensity of fracture is high for AB/2=
60 117 114 112 2.25 N/S 30-80 m. Suitable for hydrogeological
80 158 155 153 2.5 N/S purposes
8 20 549 256 262 2.4 N/S Intensity of fracture is highest at AB/2=
30 893 395 371 576 N/S 30 m but cloges up at depth. Suitable for
hydrogeological purposes.
60 1201 921 520 2.1 N/S
80 1500 1210 | 650 2.12 N/S
9 20 1410 1138 | 2070 | 2.0 NW/SE Intensity of fracture is high near the
30 1952 1563 | 1991 | 1.29 N/S surface but close_s up at depth. Suitable
for hydrogeological purposes.
60 2500 1690 | 2000 | 1.86 N/S
80 2490 1750 | 2100 | 1.54 N/S
10 20 326 348 346 2.25 NE/SW Intensity of fracture closes up with depth.
30 331 395 395 2.25 NE/SW Suitable for hydrogeological purposes
and but caution must be taken.
NWI/SE
60 390 530 499 1.33 NE/SW
80 420 605 550 1.4 NE/SW
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7.5 mand 11.25 m (i.e. depths corresponding to AB/2
of 10, 30 and 45 m) with orientations in the N-S
direction. Figure 9 (c) is the scatter diagram for

Table 2: Coefficient of Apparent Anisotropy (Aa)
Values Used for Scatter Diagrams

location 9. The intensity of fracturing is prominent at Distanc | Locatio | Locatio | Locatio | Locatio
0.25 m to 2.5 m (i.e. depths corresponding to AB/2 of eAB/2 | n3 n8 n9 n10
1 to 10m) before a gradual attenuation with depth and (m)
with orientations in the N-S, NE-SW and NW-SE
directions. Figure 9 (d) is the scatter diagram for 1 14 15 .0 2.6
location 10. The intensity of fracturing is prominent at 2 1.2 1.45 7.0 1.2
0.75m, 1.25 mand 2.5 m (i.e. depths corresponding to 3 1.75 1.2 5.3 4.3
AB/2 of 3, 5 and 10 m) followed by a gradual 5 1.6 1.35 5.7 4.3
attenuation with depth and having orientations in the 7 1.68 1.62 53 25
NE-SW and NW-SE directions. The degree and : : : :
U . 10 2.67 2.47 6.2 1.55
manner of fracturing is generally expected to suit
. : 10 1.63 1.88 6.25 2.8
groundwater resources planning and hydrogeological 15 145 176 5 54
PUTPOSES. 20 16 2.4 2 2.25
30 2.8 2.76 1.29 2.25
45 2.67 2.69 15 1.35
60 2.25 2.1 1.86 1.33
60 2.4 2.5 1.76 1.35
80 2.5 2.12 1.54 14
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Figure 9: Scatter Diagram for Locations: (a) 3, (b) 8, (¢) 9 and (d) 10.
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CONCLUSION.

Part of the permanent site of University of llorin,
Southwestern Nigeria has been investigated with RVES
techniques in delineating and correlating the subsurface
fractures as well as their orientations and depth. From
the rose plot of the fractures in the study area and the
RVES that delineated the subsurface fractures and their
orientations, anisotropy was established in the study
area with fractures oriented prominently in the N-S
followed by the NE-SW and then NW-SE directions
characteristic of the basement complex terrain of
southwestern Nigeria [15, 16].

The intensity of fracturing at locations 3, 8, 9
and 10 (Table 1) is generally highest near the surface
(7.5 m) but attenuates with depth (e.g. 20m). The
coefficient of apparent anisotropy (Aa) values used for
the scatter diagrams (Table 2), show that intensity of
fracturing is prominent at depths of 2.5 m, 7.5 m and
11.25 m (locations 3 and 8) and 0.25 m to 25 m
(location 9) and 0.75 m, 1.25 m and 2.5 m (location 10)
before a gradual attenuation with depth along different
directions. The degree and manner of fracturing in the
study area show that groundwater potential is high and
the aquiferous layers are generally close to the surface
but the amount of water is expected to decrease with
depth.

This study has demonstrated the usefulness of
azimuthal resistivity survey in structural study in the
research for groundwater potential thereby reducing the
uncertainties in decision making while choosing sites for
groundwater resources development.

REFERENCES

1. ANBAZHAGHAN, S., SUBRAMANIAN, S.K. &
YANG, X. (2011). CRC Press, Taylor and
Francis group, London. 397pp.

2. SOLOMON, S. & QUIEL, F. (2006). Groundwater

Study Using Remote Sensing and
Geographic Information System (GIS) in the
Central Highlands of Eritrea. DOI:

10.1007/s10040-005-0477-y.

3. PRADHAN, B. (2009). Groundwater Potential
Zonation for Basaltic Watersheds Using
Satellite Remote Sensing data and GIS
Techniques. Central European Journal of
Geosciences, 1: 120-129.

4. EVANS, B.M. & MYERS, W.L (1990). A GIS based
approach to evaluating regional groundwater
pollution potential with DRASTIC. Journal
of Soil Water Conserve, 45(2): 242-245.

5.SINGH, P.K & SINGH, U.C (2009). Water
Resources Evaluation and Management for

Morar River Basin, Gwalior District,
Madhya Pradesh, using GIS. E-journal.
Earth Science India, 111: 174-186.

6. OLORUNFEMI, M.0. & FASUYI, S.A. (1993).
Aquifer Type and the
Geoelectric/Hydrologic Characteristics Part
of the Central Basement Terrain of Nigeria,
Niger state. Journal of African Earth
Sciences, 16: 309-317.

7. OLASEHINDE, P.. (1999). An Integrated
Geological and Geophysical Exploration for
Groundwater in the Basement Complex of
West Central Nigeria. Water Resources, 10:
46-49.

8. BAYEWU, 0.0, OLORUNTOLA, M.O.,
MOSUNRO, G.O., LANIYAN, T.A,
ARIYO, S.O0. & FATOBA, J.0. (2017).
Geophysical Evaluation of Groundwater
Potential in Part of Southwestern Basement
Complex Terrain of Nigeria. Applied Water
Science, 7: 4615 - 4632.
https://doi.org/10.1007/s13201-017-0623-4.

9. SANDER, P. (2017). Lineaments in Groundwater
Exploration: A Review of Applications of
and  Limitations. Hydrogeology Journal,
15(1): 71-74. DOI: 10.1007/s10040-006-
0138-9.

10. AKINWUMUU, A.S., OLORUNFEMI, M.O. &
AFOLABI, O. (2016). GIS-Based Integrated
Groundwater Potential Assessment of Osun
Drainage Basin, Nigeria. Ife Journal of
Science, 18(1): 147-168.

11. OYAWOYE, M.O. (1972). The Basement Complex
of Nigeria, In: Geology of Africa (eds.)

T.F.G. DESSAUVAGIE, & Al
WHITEMAN. University of Ibadan, Nigeria.
p.180.

12. OLUKOMAIYA, 0. (2018). Unilorin to increase
foreign students by 5%.
https://pmnewsnigeria.com>news (Accessed
25/08/2022).

13. AZEEZ, B. (2019). 2019/2020 admission: Unilorin
to admit 12,000 students.

https://tribunenolineng.com> Latest News
(accessed 25/08/2022).

14. MEGWARA, 1L.U. & UDENSI, E.E. (2014):
Structural Analysis using Aeromagnetic
Data: Case Study of Parts of Southern Bida
Basin, Nigeria and the surrounding
Basement Rocks: Earth Science Research,
3(2): 27 - 42.

15. OBAJE, N.G., MOUMOUNI, A., GOKI, N.G. &
CHAANDA, M.S. (2011). Stratigraphy,
Paleogeography and Hydrocarbon Resource

Nigerian Journal of Scientific Research, 21(2): 2022; July—December; journal.abu.edu.ng; ISSN-0794-0378 444


https://doi.org/10.1007/s13201-017-0623-4
https://tribunenolineng.com/

Olawuyi et al. (2022); Fracture delineation and characterization for groundwater study using azimuthal

Potentials of the Bida Basin in North-Central
Nigeria. Journal of Mining and Geology,
47(2): 97-114.

16. AROMOYE, S.A., ALIMI, S.A., BELLO, O.S,,
RAJI, W.O., OLAWALE, L.O. & BONDE,
D.S. (2019). 2D Electrical Resistivity
Tomography for Groundwater Resistivity
Tomography for Groundwater Potential in
Basement Terrain of a Part of llorin, Sheet
223 NW Nigeria. Saudi Journal of
Engineering and Technology, 4(9): 357-362.
Dubai, United Arab Emirates.

17. WRIGHT, J.B. (1976). Fracture Systems in Nigeria
and Initiation of fracture Zones in the South
Atlantic. Tectonophysics, 34: 43-47.

18. BALL, E. (1980). An example of very consistent
brittle  deformation over a  wide
intracontinental area: the late pan-African
system of the Tuareg and Nigerian shield:
Tectonophysics, 61: 363-379.

19. LANE, JW. JR., HAENI, F.P. & WETSON, W.M.
(1995). Use of Square-Array Direct-Current
Resistivity Method to Detect Fractures in
Crystalline Bedrock in New Hampshire”.
Groundwater, U.S. Geological Survey
Bulletin, 33(3): 476-485.

20. OKPOLI, C.C. & IGWE, O. (2013). Electrical
Resistivity ~ Anisotropy  in  Fracture

Delineation and Characterization: A Case
Study of Iwaro-Ayepe area, Southwestern
Nigeria. The Pacific Journal of Science and
Technology, 14(2): 488-497.

21. OLASEHINDE, P.I. & BAYEWU 0.0. (2011).
Evaluation of  Electrical  Resistivity
Anisotropy in Geological Mapping: A Case
Study of Odo-Ara, West-central Nigeria.
African Journal of Environment Sciences
Technology, 5(7)Z: 553-556.

22. HABBERJAM, G.M. (1972). The effect of
anisotropy on square array resistivity
measurements. Geophysical Prospecting, 20:
249- 266.

23.BAYEWU, 0.0, MOSURO, G.0. &
OLORUNTOLA, M.O. (2013). The
Evaluation of Anisotropic Properties of Parts
of ljebu-Igbo, Southwestern Nigeria, Using
Azimuthal Resistivity Survey (ARS) Method.
Proceedings of the Brazilian Geophysical
Society.

24. ALIMI, J.A.,, NWALI, C.N. & OMOTAYO, K.E.
(2021). Hydrogeological Characterization of
Subsurface  Fractures from Azimuthal
Resistivity Surveys: A Case Study of Gonin
Gora, Kaduna, Northern Nigeria. Journal of
Applied Geology and Geophysics, 9(6): 52 —
60.

Nigerian Journal of Scientific Research, 21(2): 2022; July—December; journal.abu.edu.ng; ISSN-0794-0378 445



