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ABSTRACT

This study was conceptualised out of a need to help stem the continuous rising incidences of
failed and abandoned wells in the study area. This situation is attributable to inadequate
understanding of the hydrogeological and structural disposition of the area. The study area is
underlain by crystalline rocks belonging to the Basement complex of Nigeria. These rocks
comprise of Schist, Gneiss, Quartzite and Granite with minor occurrences of alluvial deposits.
Analysis and interpretation of the Aeromagnetic data was used to map previously known and
unknown fractures which are deemed to aid appreciable flow of water to drilled wells. These
fractures, especially the near surface fractures were validated using interpreted VES data. The
interpretation of the Vertical Electrical Sounding (VES) data was done following a calibration
of various geoelectric layers from existing wells. Principal joint directions on the surface
yielded primarily NE — SW trend while aeromagnetic data revealed lineaments trending
principally in the ENE — WSW direction. These orientations correlate well with the general
orientation of structures in the Basement Complex. VES data revealed three to four geoelectric
layers comprising of the top soil at depths between 1 to 7 m and resistivity values in the range
of 100Qm to 300Q2m. This is followed by the weathered layer (for 3-layer system) or fractured
layer (for 4-layer system). The last layer is the fresh basement rock of infinite resistivity. The
weathered layers are generally shallow and have thicknesses in the range of 3 and 30 m while
the weathered/fractured zone are the conductive layers which most likely are aquiferous.
Optimal sites are delineated where the Aeromagnetic lineaments and surface structures
intersect and where an appreciable thickness of the weathered layer is delineated. This study
has been able to establish another zone of the aquiferous unit beyond the 200 m depth. The
outcome of this research has been able to establish the need for both geological and
hydrogeological investigations and the need to integrate at least two geophysical methods in
groundwater exploration efforts in the Basement Complex.

Keywords: Aeromagnetic data, Aeromagnetic Lineaments, Vertical Ele ctrical Sounding,

Fractured aquifer, groundwater exploration , Basement Complex.

1.0 INTRODUCTION

The usual practice of groundwater exploration in Nigena is based only on employing Vertical
Electrical Sounding geophysical survey technique. Drill sites are chosen based on anomalies
identified from the results of the survey often with little or no understanding of the

interpretation methods, peculiarity of interpreted data, ambiguity in interpreting the results and
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Figure 3: Geological map of part of Minna Sheet 164SW

These rocks have been reported to have suffered heterogeneous deformation as evident by
migmatization and intrusion of large volumes of granitoids (Dada, 2006). Foliations give a
dominant general trend of almost N-S and NE-SW. This is consistent with the regional trend
ascribed to the structures produced by transcurrent movement and shearing (Olasehinde ez al.,
1990). The rocks which are reasonably jointed generally show two joint sets trending NW-SE
and NE-SW with the NW-SE being the more prominent. These granite bodies show a variation

in the height of the outcrops which range from steep hills to low lying massive stock with gentle

elevations, with textures ranging from fine to coarse.

Field evidence show that these rocks are not a homogeneous granite body but that only certain
portions appear granitic in texture as evidenced by some gneissose texture (Plate II). Also,
quartzo-feldspathic veins appear to thoroughly run through these rock bodies in almost all

directions but most prominently in the horizontal and vertical directions. It is proposed that
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Figure 6: Slope angle map of 1:100.000 Sheet 164 (Minna) (Study area in black square

. 44  Lineament extracted from SRTM images

Lineaments extracted from remotely sensed imagery are oriented predominantly in the NE-
SW directions These lineament directions correlate well with joint directions mapped on the
surface. In addition, these lineaments correspond to alignment of stream segments imp!ying 3
form of structural control of the drainage system the NE—~SW trending structures are parallel o

the Pan-African regional tectonics. This deformation event is closely related to the format
of the schist belts and mylonites in the region have attributed NE-SW trend (Ajakaiye e? al.,
1991)

4.5  Aeromagnetic Data

4.5.1 Qualitative Analysis of the Total Magnetic Intensity Map
The total magnetic intensity anomaly map (TMI) of the study area is presented in Figure 7 The
colour of the residual TMI map range in values from magenta as high to blue as low. Residua!
magnetic intensity values range from -108 nT to 80 nT. The study area is dominated b} \E"
SW trending high and low magnetic anomalies. When compared with the geological P ¢
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the area, the magnetic anomalies trend in the same direction with the regional geological
structures (lineaments) in the area and the surface joint system of the area. a comparison of
these anomalies with the geologic map of the study area show that the high magnetic anomalies

represent the granitic rocks while the lower magnetic intensity anomalies represent areas

underlain by schistose rocks.
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using Oasis montaj on data obtained from NGSA.

4.5.2 First Vertical Derivative (FVD)

The FVD map aided in sharpening the edges of magnetic anomalies and also provided better

resolution of their location. The FVD filter helped decrease broad and more regional anomalies

ed local magnetic responses which are interpreted as structures in the area.
in the

and rather enhanc
Most of the structures delineated in the area coincided with already delineated structures

geological map of the area. The lineaments, where they are well defined, follow lithologic

contacts, NE— SW trending fracture trends were seen to offset these lineaments. The NE — SW

trending fractures were preserved in TMI map (Figure 7).
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Figure 8: First Vertical Derivative map of 1:50,000 Sheet 164 (l\dinna) processed using Oasis
- montaj on data obtained from NGSA.
4.5.3 Tilt Derivative

It is observed that the zero contours estimate the location of abrupt changes in magnetic
susceptibility values. The zero contour lines in this grid are represented by a yellow colour
Some structural lineaments were delineated by observing the abrupt change between the
positive and negative magnetic anomalies (Figure 9). In Figure 8, a lot of noise believed to b
from the shallow surface are observed which show that applying TDR on RTE on dataset ffo®
the study area can really help in delineating geology (lithology) and structures.

The geological meaning of a deformation zone, indicated by a lineament, may be estim ted
from the relation of the lineament to other magnetic patterns: Features crosscutiog the
magnetic anomalies are supposed to be younger than the magnetic sources and predominnull}
brittle in character, whereas concordant features are supposed to be more ductile. Howeveh e

geological observations from the Minna area show that due to the complex deformation history
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of the bedrock, the classification of the lineaments using this method may be ambiguous: Many
of the old ductile zones have been repeatedly reactivated, showing a semi-brittle and/or brittle

character within the same zone. The comparison of the lineaments and direct geological

observation suggests that from the different data sets, magnetic lineaments most likely present
brittle deformation zones (Airo, 2005).

TILY DERIVATIVE
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Figure 9: Tilt Derivative map of 1: 50,000 Sheet 164 (Minna) processed using Oasis montaj on
data obtained from NGSA.

454 Source Parameter Imaging (SPI)

Figure 10 is a map of the depth estimates obtained from the source parameter imaging (SPI)
processing technique. The depth estimates range from 100 m to over 400 m. The result from
SPI process has a high degree of correlation with the result from spectral depth determination.
Shallow regions from both methods correspond to the Basement Complex areas. Also, the
results from the depth estimates agree with published works referred to in the literature review.
It should be noted that only shallow depths of not greater than 150 m is considered adequate

for groundwater development in this area (Ejepu, 2017). The depth of causative sources as

interpreted from SPI map show that areas within the schist are shallower than areas within the
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Figure 11: Groundwater flow map showing direction of flow

4.7  Vertical Electrical Sounding Data

The depths to basement (overburden thickness) beneath the sounding stations were plotted as
shown in figure 12. this was done to enable a general view of the aquifer geometry of the
surveyed area. the overburden is assumed to include the top soil, the lateritic horizon and the
weathered rock layers. the values range from 2 m to 36 m. areas with thick overburden
corresponding to basement depression and are known to have higher groundwater potential
particularly in the basement complex terrains (Olorunfemi and Okhue, 1992).

the northern and south-eastern portion of the map generally have low overburden thicknesses.
the south-western and north-western portions of the map generally has high overburden
thicknesses.
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Figure 13: Weathered layer isoresistivity map

The weathered layers as defined in this research are materials constituting the regolith,
straddled in-between the top soil and fractured/fresh bedrock. the thickness of these lithological
materials varies between 2 m and 40 m. this was determined from the layer interpreted values
of the sounding results

Resistivity values of the bedrock vary from 200 Qm to over 10000 Qm. the area generally has
high bedrock resistivity.

Seven curve types were generated from the VES analysis namely: QH, HK, Q, K, H, A and
KH portraying various aquifers within the region. The H-type covers 63.3%; the A-type and
Q-type covers 10%; the K-type covers 6.66%, while the remaining 3.33% of the total surveyed
points is covered by the HK-type, QK-type and KH-types. The groundwater yield in these areas
could not be very high because the density of the fractured column is not high (Olorunfemi,
2009). The HK curve-type areas may not have hydraulic connectivity between the fresh rock
and the weathered rocks because of the fractured zones are underlained after the fresh rock
zones, this on another view will help to improve upon the recharge of a sunk well in such areas,

especially in an area where both zones (fractured and fresh rocks) have thick layers. The KH

eurve-type are areas where top soil is generally of thin layer and also the fractured layer is

57



3
Abdullahi, D.S. and Ejepu, J.S. (2018)

nfined in the fresh basement too. Significant yield of water is possible when the fractyr
co
density is high with a high fracture column thickness too.
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Figure 14: Bedrock 1soresistivity map

The areas marked by QH curve-types have sharp transition between the weathered and the

basement, in these areas, the weathered layer is the sole aquifer unit and groundwater
here is determined by the degree of shaleliness of the weathered layer, low yield is obt:

where underlain by schist or clay (Olugboye, 2008).

Figure 15 shows the groundwater potential map of the stud

Yy area produced from integratins
the geology, geomorphology and interpreted VES data, The

different groundwater potcntid!
areas are depicted on the map, '
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