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Abstract

Kadna is an urban sprawl of Minna in North-Central Nigeria. It is populated largely by middle
class civil servants that obtain fresh water from six boreholes which produce from shallow
fractures. The boreholes are now inadequate to satisfy the water requirements of the spiraling
population. Opportunity for increasing the fresh water supply lies in exploiting fractures
within depths greater than 60 m. The search for groundwater convergence areas within these
deep fractures in Kadna was conducted using surface geological mapping and geoelectrical
sounding. Rockwork was employed to plot Rosette diagram of measured joint directions.
SAS 4000 ABEM terrameter was employed to conduct 1D-geoelectrical sounding comprising
electrical resistivity, spontaneous potential (SP) and induced polarization (IP) within traverses
oriented along foliation strike. The resistivity sounding data was processed and analysed
using WinResist inversion software, while the SP and IP were plotted and analysed using
Microsoft Excel. The modeled resistivity sounding curves revealed deep fractures of the
HKH, HKHK, HKHKH and KHKHKH curve types. They are confined fractures
characterised by 60 — 313 Qm resistivity, SP values of -75 to +75 mv, basal
elevation of 120 — 220 m, (with respect to sea level) and IP values of 10 — 200 ms.
Groundwater convergence area was inferred within the deep fractures in the .ea§temmost Part,
within longitude E6.596° to E6.610° and latitude N9.561° to N9.566°. Thls_ is the.Cl-]O-lceSt
area for water borehole drilling, being characterised by 100 - 200 Qm electrical resistivity, -
30 to +50 mv spontaneous potential, basal elevation lowgr the_ln 18_0 m, and. 10 — 13.3 n:
fracture thickness. The second ranking choice area for _drlllmg.lles w1t'h1n longitude E§.59§5

to E6.5965° and latitude N9.561° to N9.566°. The third ranking choice area for drilling lies

within longitude E6.5945° to E6.5965° and latitude N9.561° to N9.566°.

Keywords: Fresh water Geoelectrical sounding, Deep fractures, Groundwater convergence
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Introduction
Kadna is a satellite suburb of Minna within the part of Nigerian Basement Complex called

Northerm Nigcrizm‘ Massif. Its geographical location is defined by latitudes N973330" to
N9 34 30 and longitudes E6 3230 to E63630 (Figure 1)
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Figure 1. Location of Kadna

The town provides home for workers of Federal Government College, Federal Government
Science Equipment Development Institute, Niger State College of Education and Niger State
Technical College. The inhabitants outside the Federal Government College premises obtain
fresh water presently from only six boreholes. The boreholes are hand-pumped, and thus tap
water from fractures shallower than 60m depth. Soaring population has rendered these
boreholes inadequate to meet the inhabitants fresh water needs. A plausible approach to
providing adequate fresh water lies in exploiting deeper fractures. The search for deep water-
bearing fractures requires holistic interpretation of geological and multi geoelectrical data.

Such work is yet to be conducted over the entire Kadna town.
Four major petro-litholoical units distinguishable in the Nigerian Basement Complex are

Migmatite-Gneiss Complex, the Schist Belts, Older Granites, and undeformed acid and basic

. . nsist of pelites, semi-pelites, quarzites, marble, bapded iron
dykes. The schist belts co to intermediate metavolcanic rocks. Oluyide (1988)

g 2 ibolites. and minor felsic
:(r)]:'nag:zn, :zgl:l:l;?llttrisr;ds in the Nigerian Basement Complex. He found t.hat_ fractures
cons)t(:t t : maior characteristic feature of the complex. He concluded that the principal trends
e tkh; uf:;zlmrejs are N-S. NNE-SSW, NE-SW, NNW-SSE and NW-SE. He also reported
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minor E-W fractures. Ajibade et al. (2008) recognized fracture zones within fresh rocks as
basement aquifers. They remarked that the fractures are often shallow, and boreholes are
commonly 30-40 m deep but occasionally up to 50 m depth in basement areas. Olorunfemi
(2009) and Ojo and Olorunfemi (2013) recognized unconfined fractures and confined
fractures. They identified a confined fracture as a fractured basement column that is
sandwiched between fresh basement above and below.

Direct current(DC) resistivity method is widely employed to generate prospects for drilling
productive boreholes in the basement complex (Ayuk et al., 2014; Ojoina, 2014; Wright,
2015) because DC resistivity method is the most suitable among all geophysical methods for
delineating aquifers in hard rock terrains (Ratnakumari et al., 2012). However,
Tswako et al. (2017) revealed that drilling success rate will be improved by holistic
interpretation of resistivity, spontaneous potential (SP) and induced polarization (IP) data to
delineate groundwater convergence areas. Dan-Hassan (1999) and Unuevho et al. (2016)
highlighted that boreholes are commonly productive within groundwater convergence zones
in the Nigerian Basement Complex.

This work seeks to delineate groundwater convergence zone within deep fractures within
Kundu, where there is high potential for water boreholes to be productive.

Material and Method
Surface geological mapping was conducted to ascertain the outcropping rock types, the strike
as well as dip direction and dip magnitude of the exposed foliated rocks. Fresh samples of
rock outcrops were taken for lithology identification during the mapping. Texture and mafic
colour index(MCI) were employed to identify the outcrop lithologies. The MCI represents
the percentage of mafic ( green, dark gray and black) minerals in the rock. Non-foliated rocks
with 0-15% MCI were identified to be felsic rocks. Felsic rocks with higher potassium
feldspar (pale orange to pink colour) than plagioclase feldspar (light gray in colour) were
recognized as granite. Light to gray rocks with schistose texture were identified to be schists.
Rocks with glossy minerals characterised by 607120" intersecting cleavage planes were called
amphibolites. Rocks with mixed gneissic and granitic textures were grouped as migmatites.
Non-foliated rocks composed solely of fused buff to white quartz were named quarzites. The
locations of the outcrops were plotted on a base map of scale 1: 10,000 produced from Minna
Topograhic Sheet 164 SW of scale 1: 50,000. The geologic map of the mapped area was
produced from the base map with outcrop locations. Joint directions were measured and the
principal joint directions were captured from Rosette plot of the directions, using Rock Work.
One- dimensional (1D) geoelectrical sounding — comprising resistivity, spontaneous potential
(SP) and induced polarization (IP) — was conducted at 50 stations, using Schlumberger array
along a traverse of 200 m maximum electrode spacing. The sounding was performed using
SAS 4000 ABEM Terrameter, along 10 traverses oriented along foliation strike, with an
average of 5 stations per traverse. The traverses were separated by 50 — 100 m along foliation
dip direction. Geographic coordinates of the sounding stations were determined using global
positioning system (GPS, the etrex Garmin-legend type). The electrical resistivity data were
analysed using WinResist inversion software. The IP and SP curves were plotted using
Microsoft Excel and then analysed.
Fracture intervals were identified from the 1D resistivity inverse models. Fractures deeper
than 60 m were grouped together as deep fractures. The depth to the base of each deep
fracture interval was subtracted from the corresponding sounding station’s surface elevation.
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This gives the basal elevation of the fracture’s interval with respect to sea level. The deep
fracture interval thickness was obtained as the difference in depth to top and base of the
interval. Iso resistivity, [P and SP maps were generated by contouring the respective
parameters against the stations’ geographic coordinates. Fracture thickness and basal
clevation maps were also generated. Topographic depressions were identified on the basal
elevation map. Topographic depressions characterized by low resistivity and increasing SP
positivity were inferred to be groundwater convergence zones.

Research Findings and Discussion
The surface lithologic mapping revealed outcrops of migmatite (Figure 2), schist (Figure 3),

amphibolite (Figure 4), quartzite (Figure 5) and granite (Figure 6) in the area. The schist and
amphibolites bodies strike NNE and dip 25 to 30 E.

. 0 ' n dE 60 35 3984")
Figure 3. Fractured Schist (N9’ 33'39.62" an
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Figure 6. Fractured Granite
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Figure7 s the geological map produced from the spatial distribution of the outcrops.
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Figure 7. Geological map of Kadna

The map reveals that the granite intruded into the migmatite, schist and quartzite. The
intrusive process must have generated the fractures in the outcrops. Rosette diagram plot of

the joints is figure 8.
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Figure 9. The geoelectric measurement stations

Some of the modeled resitivity sounding curves are figures 10, 11, 12 and 13. They are
respectively HKH, KHKHKH, HKHKH and HKHK type curves.
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Figure 13. Deep fracture at VES station 32 (N9“33'39.4" and E6°35'31.8")
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Figure 14. Resistivity contour map for deep fractures

It reveals that the resistivity generally decreases eastward and southeastward. Figures 15 and
16 are SP and fractures’ basal elevation maps. Positive SP values characterise low elevation
areas while negative SP values characterise high elevation areas. The maps show eastward
increasing SP positivity and eastward decreasing basal elevation. The increasing positive SP
trend conforms to decreasing basal elevation. Since water flow is gravity driven from higher
clevation to lower elevation in an undisturbed hydraulic environment, groundwater would
flow eastward. This makes eastern part of Kadna a groundwater convergence zone. The
resistivity values of 100-200 Qm in the eastern part supports inference of water occurrence in

the fractures.
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Figure 15. Spontaneous potential contour map for deep fractures
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Figure 16. Basal elevation contour map for deep fractures

Figure 17 is the measured induced polarization contour map. Induced polarization effect
characterizes regions of low permeability such as clay bodies. Such clayey regions are also
characterised by low resistivity values. Induced polarization effect also characterizes bodies

with disseminated ore minerals. But in disseminated ore bodies, such IP effects are associated
with high resistivity values.
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Figure 17. Induced polarisation contour map for deep fractures

The IP map reveals IP values decreasing southeastward, in rough parallelism with decreasing

st l;ﬂ frend This indicates increasing permeability s_outheastward. The slowly changing
reS!SEf:;& va}ue.s southeastward supports the inference of increasing permeability in this
resisti
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direction. The [P values (40 to 100ms) and low resistivity values (100 to 200 Qm) at depth

ficcpcr l.h;m 60m indicate water-filled fractures in the southeastern part of Kadna. Figures 18
is the thickness contour map for the deep fractures.
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Figure 18: Thickness contour map for deep fractures

The fractures are between 10 and 13m thick in the southeast of Kadna. Shallow fractures with
thickness less than 10m have been proved to be water bearing from drilling results in Kadna.
This enhances the chances of finding water in the deep fractures. Figure 19 is a pictorial
illustration of the ranking of the deep fracture areas for wa%er borehole drilling. The
easternmost area (within longitude 6.596°E to 6.610°E and latitude 9.561°N to 9.566°N)
ranks first in order of choice for water borehole drilling. The attributes that chracterise the
ctrical resistivity between 100 and 200 Qm, SP values between
evation lower than 180 m with respect to sea level, and fracture
thickness between 10 and 13.5 m. The second ranking area lie-S within longitude 6.5?45°E to
6 5665, and latitude 9.561°N to 9.566°N. It shares_the attril_)ute_s of the first ranking area,

: he second ranking area has a basal elevation that 1s'h1gher than 180m. The third
povc et lies within longitude 6.5945°E to 6.5965°E and latitude 9.561°N to 9.566°N. It
rz%nkmg area lies ond ranking area in having SP values more negative (for example, -35m,
dHitecy Trom th(?r]s;ecs atial locations of the drilling prospects are skewed NNE-SSW. This
;ig}gégg t?::t)ihe ISN I}S)-st fractures (or strike joints) govern groundwater occurrence within

the deep fractures.

first ranking area are ele
30 and +15 mv, basal el
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Figure 19. Thickness contour map for deep fractures

Results and Suggestions
Kadna is dotted with outcrops of migmatite, schist and amphibolites that strike NNE and dip
25-30'E, as well as outcrops of quartzite. All the outcropping lithologies are intruded by Older
Granites. The resistivity sounding data reveals fractures at depths greater than 60m, which are
called deep fractures. [so-resistivity, SP and basal elevation maps reveal that groundwater
convergence regions exist in the casternmost part of Kadna. The easternmost area within
Longitude 6.596E to 6.610°E and Latitude 9.561 N to 9.566 N contain deep fractures
characterised by resistivity value of 100-200 Qm, SP values of -30 to +50 mv and basal
clevation lower than 180 m with respect to sca level. Their thickness is between
10 and 13.5 m, and are considered best drilling prospect within the deep fractures. Other
drilling prospects lie within longitude 6.5945°E to  6.5965°E and latitude 9.561°N to
5°E to  6.5965°E and latitude 9.561°N to 9.566°N.

9.566°N, as well as longitude 6.594
Groundwater occurrence in the deep fractures appears to be controlled by the NNE-SSW

(strike) fractures.
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