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Abstract

' north-central Niger;
The subsurface structures of northwestern Ean'thMé?ggéological, geophyi?é:
has been investigated with the aid of geological, | ytrode Configutation ey
and remote sensing techniques. Schiumberger E e% disclions web, thdk tg
Vertical Electrical Sounding (VES) in three azimut ¢ subsuciac fiadt e
construct an Anisotropy polygon from which the nature oh o bk Comule ol
the area was interprefed. The radial geo-electric results Ia\\//ES ST 3;
surface fracture mapping of the outcrops around the radial VES p oo it V:Ia
geo-electric sounding results reveal two major fracture directions g g';l : -
SE and NE-SW fracture pattern. This was inferred frqm the dumb-bell shape of
the anisotropy polygon and lineaments from satellite imagery. The surfage
fractures direction measurement of the outcrops around this location agrees with
the interpretation of the geo-electrical sounding results.

Keywords: Multidisciplinary Approach, Subsurface Characterization,
Minna, Nigeria.

Introduction

In Nigeria, the determination of subsurface fractures below the weathered layer
during site investigations for siting dams, quarries, boreholes and other
engineering foundation structures is not usually fully explored. This has gone a
long way in contributing to failures and high cost of operations in such projects.
Structural mapping of the basement complex terrain is usually demanding

buildings cannot be underestimated [1]. It has been shown that most river
channels within the basement complex terrain are fractyre controlled [2]. It
llustrates that drainage patterns within the basement Complex are 60d
indicators of fracture geometry in the area. In the absence of river ch g :

other evidence of fracturing includes lineaments it Channels,

hologic contagt

This paper is a demonstration of synergy in the understanding;i "ff fg:“ zonei
complex fractures using geological, hydrogeological ang 9eophysical methz?j?en
Study Area Location et b |
The study area lies between longitudes and 6°3g' ot _
meridian and latitudes 9°31'N to 9°42'N of the equato,. It °°Verst2et (tsreenwmh
about 300km?. The area is accessible through Suleja 0ad, Bidq roa% alZ z:'ea of

} geru
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©ad and Kuta road. The area is grainey

(Figure 1). Y river Chanchaga and its tributeries

march. The vegetation is mainly G
rasses, shrubs and trees. Alon

more forested.

Uine_a Savannah which is characterized by
g the river channels, the vegetation becomes

Geological Setting

fhe g investigated is part of the north-central Basement Complex of Nigeria
which 18 c_:omposed of three lithological units: migmatite-gneiss complex, low
grace schis: be_lts i th_e older granite [3, 4]. Geological mapping revealed that
he study area is underlain by granites, schist and gneiss with granites occupying
greater portion of the area (Figure 1). The structural mapping carried out in the
area shows two principal joint directions along NE-SW and NW-SE. The river
chanchaga at the southern part of the study area (Figure® 1) which flows
eastwards is structurally controlled [5].

Z

- SBoetdemeoent
e Kilometsrs SN River

3
W it
[ Granite
g Grelsa
Bl Schist

Fig. 1: Geological Map of Parts of SW Minna [6]
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Structural Mapping : i dontd wh

Structural Geology is the study of structures in rocks. t deals with ho fog
bodies are organized or reconstructed in response 10 crustal deformation_ |, alsg
investigates the shapes and fabric of rock bodies and .the processes that have
shaped them [7]. Deformation is response 10 applied forces. A stry ura|
geologist deals with the strength and mechanical properties of crustal Materjy
(rocks) and the processes that shaped them. Each rock type possesses differgn
mechanical properties which depends on the condition of f_ormatlon, which resyjy
in variation of response that manifest themselves in the qnfferent structures that
are displaced in the outcrop. The architecture of the earth is commonly fashiopgg
by the large scale faults and folds movement in the crust. St_ructures can bg
generated in different ways through compressional forces, tentional forces angd
gravitational forces. A typical fracture pattern (joints and faults) on an outcrop j,
the area is shown in Figure 2. The values of the joint directions taken during the
structural mapping with the aid of compass and clinometer were used to plot the

rosset-diagrams shown in Figure 3. The principal joint directions in the area are
along NE-SW and NW-SE direction.

Fig. 2: Fractures on a granite outcrop in the area
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Fig. 3: Rosset-diagram showing NW-SE and NE-SW major joint directions

Hydrogeology of the Area
The value of the Static Water Levels (SWL) below the ground surface was

subtracted from their corresponding elevation values to obtain the Static Water
Level (SWL) above sea level. The longitude, latitude and elevation of the area
were obtained using a Global Positioning System (GPS) device. The values of
the corresponding longitude, latitude and SWL above sea level were used to
generate groundwater flow direction in the area using Surfer-8 software. The
groundwater in the area flows in NW-SE and NE-SW directions away from the
high topographic area and converge towards the central portion. The
convergence of the groundwater in the central portion areas (Figure 4) implies
that groundwater flow in the area is fracture-controlled.
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Fig. 4: Ves Curves For Radial Geo-Electrical Sounding

Radial geo-electric sounding
The results of the radial geo-electric sounding carried out in some locations in the

study area were used in determining the fracture patterns. The concept of the
radial geo-electric sounding is that, lowest resistivity values are obtained along
directions where fractures and weathering have taken place. It should be noted
that the earth is anisotropic and non-homogenous. This implies that when VES
are done in three different coordinates, the lowest resistivity values are obtained
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Fig. 5: Resistivity anisotropy polygon of part of the Minna

Electrical Resistivity Pseudosection

Using the electrical resistivity pseudo-sections, fractures are interpreted at places
with tight contours. The pseudo-section of the study area had been made along
the profiles A-A' in a NW — SE direction, (Figure 6). The section show variation of
resistivity values in the horizontal and vertical directions. The resistivity values
ncreases downward along both profiles. They contour value of —between
2000hm-m and 1,0000hm-m are found in the profile A-A’in a NW — SE direction
which coincides with thick weathering found in the geo-electric section (Figure 7).
This implies that lower resistivity values coincide with thick weathering. It is a
Common knowledge that fractures aid weathering in the tropics [10, 11] hence
lhese thick weathering zones are likely to be fracture controlled.
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Geo-Electric Sections

In the geo-electric section across profile B-B', the top soil has a mean value of
2.6 m, the fractured basement ranges from 4.5 m-35.1 m while the depth to fresh
basement starts from 5.4 m, though these values varies from location to location
depending on the depth to weathering. The geo-electric section reveals three
distinct layers which include the top soil, weathered/fractured zone and the fresh
bedrock as illustrated in Figure 7.

B V2 V3 V4 B’

/N\/VES points
TOP SOIL
EES WEATHERED BEDROCK

BES scoroOcK

VES STATIONS
Fig. 7: A typical Geo-electric Sections across profiles B-B'

Remote Sensing

The data come in the form of aerial photos, multispectral satellite imagery and
radar imagery [12]. The effectiveness of remole sensing technique in geological
and structural mapping (fracture delineation) cannot be underestimated
Understanding structures is the key to mineral and groundwater exploration ag
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well as interpretin
study area were gb?;liﬁgg Movements [13) The remote sensing imageries of the
and the following were interpreted: (1) A major river,

were fractures and lineaments
e nort i '

meﬂ:iver C?\ég:;w;mae alm ents trend NE-SW direction while in the south, close to

iver is structurall 98, lineaments treng NW-SE. This implies that the flow ik

five urally controlled as reflected in Figures 8.

1. T i "'
{ Vegetationover .
Schistand Granite ! v

i LGS 311
[ 3 G 2e'N
o 6 km '

Fig.8: Interpreted Band Four Imagery On Stretching [14]

Conclusiorn: .
The area has been investigated through the combined geological,
hydrogeological, geophysical and remote sensing techniques. The study
revealed two major fracture pattems for the area which runs in a NW-SE and
NE-SW direction. The Chanchaga River flows in a NW-SE direction parallel to
the principal joint direction in the area. It authenticated the idea that the flow of
River Chanchaga is structurally controlled. Ore mineral and groundwater
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exploration in the area should be concemrated along N}N—g’i 3&‘:1 zJEsTnS\lN
direction since their presence is fracture driven. The use of m e togbe
method in carefully delineating the fracture patterns in the area e areing from y
more effective than any singular method, and has reduced error g a

single method.
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