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ABSTRACT

Groundwater occurrence in Bishini area of Kadumadestvas investigated using Electrical resistivitgtinod for
the purpose of sitting viable borehole. A totahwénty-seven (27) vertical electrical soundings $Ykising Schlumberger
electrode array were acquired with a maximum ebeletrseparation of AB/2=150 m, using the ABEM Temtan SAS
300C.

Interpreted sounding curves revealed predominafthoée to five electro-stratigraphic units wereirtedted in
the study area, namely: the topsoil (indurateditafe lateritic clay, weathered basement rocktiteed basement rock and
fresh basement. The weathered and / fractured leadenmcks constitute the aquiferous zones withwhkathered layer
aquifer (63%) predominant while the weathered/freed (unconfined) aquifer (7.4%) was least reprieskrThe first two
layers have variable resistivity of between 76 2868382-m. Weathered basement with average resistivitythinttness
values of 211.52-m and 16.4m respectively was encountered in alksttunding locations with exception of VES 23 and
VES 26. Weathered/fractured basement was encodnitergix locations with resistivity and depth teettop of fracture
basement ranging from 77 - ¥4 and 5 -14m respectively. The weathered layer & m overburden thickness) and
weathered/fractured basement (20 — 62m overbuttekness) found within basement depressions caiestitthe main
aquiferous units. The geo-electric sections inNR8, NW- SE and NE-SW directions revealed VES 9SY¥g, VES 19
and VES 21 as sounding locations that could bdedrilVES 21 that was fractured with resistivity ®f7Q-m and
overburden thickness of 62m was considered mosdldaifor borehole drilling provided there is naprin volume of

water as drilling progresses.

KEYWORDS: Vertical Electrical Sounding, Sounding Curves, HE@eStratigraphic Units, Basement Depressions,

Aquiferous Units
INTRODUCTION

Water is a key ingredient surporting food produttisanitation, rural livelihoods as well as ensgirdontinuity
and functioning of ecosystem. It dictates the pafcgettlement, agricultural and industrial devel@mtof any society and
even in recent time, establishment of any humattessnt was usually centered on available sourogadér supply and
in modern time, issue of water has taken promiremeeglobal matters (Humaira and Jose, 2009). Chafnkvailable
World water in the oceans (97.5%) are salty anduseful for domestic and industrial applicationkeTremaining 2.5%
constitutes fresh water, out of this; surface watet groundwater have 0.4% and 30.1% respectivbilewhe remaining

69.50% are locked up in ice caps and glaciers €&le1996). Apart from the quantity advantage ofugndwater over
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surface water, common knowledge shows that groutedvis of better quality as it is naturally filterevhile percolating
through the subsurface layers of the earth. Intaddithe distributory problem associated with aoef water is of no
consequence with respect to groundwater as it &ladole virtually anywhere below the ground surfaheugh with

variable quantity.

Nigeria as a whole is rich in surface water ab@24(trillion Litres per year) and that of groundemais about
(50 million trillion Litres per year) for a populah of about 128 million with domestic consumptioeed of 6.0 billion
Litres per year (Akujiezet al., 2003). Despite the enormous water resources ircahetry, groundwater resources are
considered deficient. Extensive area of the couné&ryabout 50% is covered by the crystalline rookshe Basement
Complex which are poor aquifers and contributéelitb the groundwater supply of Nigeria. The Basen@mplex rocks
made up mainly of igneous and metamorphic rockaaiter porous nor permeable except in areas whereocks are
shattered, jointed or fissured. Solid rocks of B&sement Complex have porosities ranging from 13 tper cent.
Permeability is also small because the pores aedl simd disconnected (Azeez, 1972). Although fofds|ts, joints and
shear zones are common, they are too localizece tof Isignificant importance as reservoirs of watgpart from the
fracture systems that control basement aquifeesthittkness of the weathered regolith overlying ¢hestalline rocks is
another important factor. Weathering may therefereler the normally impermeable crystalline roakisable for ingress
and storage of water. Electrical resistivity surbes been found useful in delineating the latemdl \aertical limits of the
diastrophic features like faults, fractures, joiated shears and delimit the extent and thickneskeofveathered mantle
(Olorunfemi and Oloruniwo, 1985, Olorunfemi and ¥ika, 1992, Bala and Ike, 2001). Despite the pmrotsl associated
with basement aquifers, Azeez (1972) has pointédhat large number of hand-dug wells in the raraas not supplied
with pipe-borne water was an indication that coesatile water was available underground though oenoe was erratic
because of the discontinuous nature of the groutehgaurce area. Low success ratio of previoushmdeeprogrammes in
the Nigeria's Basement Complex was attributablerat) sites by intuition (Azeez, 1972, Oyinloye aAdemilua, 2005).
What is needed is a scientific method of locatirg]l wites by means of sophisticated geophysicatunsents. Hence, the
vertical electrical sounding survey was aimed segtigating the hydrogeological conditions of Bistarea for locating
water potentially viable to sustain people in theaafor domestic purposes. This was to be accohmalidy taking

adequate number of resisitivity soundings suitaigyributed over the area.
Site Location and Geology

Bishini lies between co-ordinates 10°26 the North and 7°32o the East within the Basement Complex of
Nigeria (Figure 1). The area is a little less thaif square kilometer. Bishini falls within the degic terrain underlain by
the Precambrian basement complex rocks of Nigdnaracterized by the Migmatite-gneiss complex, olgeanites,
charnockites, quartzite and minor intrusive littgls (Rahaman, 1988). The local geology showed ttatarea is
underlain by rocks of the basement complex (migiesitigneisses and granite). Outcrops are rare efarep few Laterite
capping the bedrock. The Laterite consists of dhffi€ horizons with distinct petrographic charastiécs which may have
significant influence on the shape of the VES carvehe surface terrain is fairly uniform permittiegsy stretch of the

Schlumberger array.
METHODOLOGY

The electrical resistivity method has been appégténsively in groundwater exploration becauseait clarify
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the subsurface structure, delineate groundwatee amnl is inexpensive (Mazae et al., 1985). Thestiesy survey was
carried out using ABEM, Tetrameter SAS 308@ploying the collinear four electrode Schlumberganfiguration array.
The electrical sounding stations were sited onlyfdiong straight stretch of land to reduce errorbioth resistivity
measurements and interpretation. The successigtade positions were measured and marked on eitterof the centre
along a straight line. The current electrode sejmars [AB/2] varied from 1.0 to 150m while the potial electrodes were
kept at an initial separation of 0.5m. The potdrglactrodes were increased only when it becamestoall for reliable
readings to be obtained and the separation digdxe#ed 4m in any VES station. The data collectioimtp of the study

area are shown in figure 1.
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Figure 1: Location of the Study Area
RESULTS AND DISCUSSIONS

Twenty seven VES locations were occupied in thelystarea. Results obtained from the interpreted dega
presented in form of geoelectric curves (FigureaB)l sections (Figure 3) while comparative detaflahe various
geoelectric parameters are presented in Tabletdrpietation could be qualitative or quantitatiie.basement terrain,
groundwater occurrence is in the porous and perimeabathered basement rocks and in the fractuiaté basement
columns. Olorunfemi and Fasuyi, (1993), identiffae different combinations of the weathered basanaguifer and the
fractured/jointed aquiferous zone in the basementptex of Nigeria. The combinations include weagigelayer aquifer,
weathered/fractured  (unconfined)  aquifer, weathémmdured  (confined) aquifer,  weathered/fractured
(unconfined)/fractured (confined) aquifer and fteiet (confined) aquifer. Furthermore, it was essaledd that the highest
groundwater yield is often obtained from weathdradtured (unconfined)/fractured (confined) aquifier this research,
qualitative interpretation revealed predominanthef weathered layer aquifer (63%) typified H and Qitves while the
weathered/fractured (unconfined) aquifer with QHA&IalA curve signatures (7.4%) was least represe@itter types of
aquifers include weathered/fractured confined (1&#@) fractured confined (18.52%) with HKH and KH\aisignatures
respectively. Furthermore, maximum of five differesubsurface lithologic units which include topsddteritic-clay,
weathered basement, fractured basement and fresdmieat were established. The thickness of the lfgsdr varied

between 1 and 9m while the resistivity ranged feiif - 11048-m. Similarly, the second layer has thickness thaged
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from 2 — 10m and resistivity of 76 - 22938n. The low resistivity values in some VES locationere consequent of
varied lithology and water retention capacity of 8oils as water percolates through the sub surftiga resistivity up to
2293&-m, typified the hard indurated red laterite commortropical regions of Nigeria. The water bearlager has
thickness of 4 — 42m and resistivity that rangetiveen 30 and 5%2-m. VES locations (1, 9, 11, 12 and 13) with low
resistivity values and high overburden thicknesgefburden thickness; 21 — 45m, resistivity; 87 8Q4n) and the
fractured layers VES 3 and VES 7 are viewed agylikeeations for borehole sitting. Figure 3a shadiws resistivity cross-
section constructed for VES points 2, 1, 9, 11a0é 17 in the N — S direction. The figure delinedteee to four layers
along this profile. The resistivity values of therd layer (aquifer) vary from 84-m to 5522-m while the thickness ranged
between 14 and 25m. VES 9 with maximum thicknes®5wh and resistivity of 134-m is most favourable for borehole
sitting along this profile. Fresh basement rockhwésistivity values ranging from 19Q6m to 68710-m and of infinite
thickness are found beneath the aquiferous layerfoAthe resistivity cross section in the NW-SkEediion (Figure 3b)
(Profile 2) across VES24, VES 13, VES 11 and VESfdfr to five layers were encountered with the immmaxmn five
layers restricted to VES 19. VES 19 with aquifrdanger (85Q-m, 8m thick) and a pre-basement horizon (28#h, 9m
thick) representing a fractured bedrock sequencédomonstitute viable groundwater source. All thgdrs are underlain
by basement rock of infinite thickness and resistiof 1095 - 65418-m. The third geo-electric section (Figure 3c)
cutting across VES 6 VES 9, VES 21 and VES 20 sNiE-SW direction has maximum of four lithologicitshVES 21
that is characterized by very thin overburden aittl gignificantly thick column of the basement timtiensely fractured
with layer resistivity of 97@-m and thickness of 57m typified by geoelectricveuHA is considered favourable for
borehole sitting. The fresh basement rocks of itgithickness and resistivity value of 6782&n underlying the horizon
showed wide contrast. The depth to basement (Figuvaries from 6m at VES 25 representing the basgmigh to 62m
at VES 21, the deepest points in the study aregahwborresponds to basement depression (Figuresadda VES 21

constitutes the most suitable layer for groundwateurrence and preferred point for drilling.
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Figure 2: Sounding Curves from the Study Area Contiued
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Table 1: Correlation Table
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CONCLUSIONS

This present work presents the results of verttedtrical sounding for groundwater occurrencehm drystalline
basement terrain at Bishini area in Kaduna statetiNCentral Nigeria. Interpreted sounding cunaserled predominant
of the weathered layer aquifer (63%) while the Wweedd/fractured (unconfined) aquifer (7.4%) wasstieapresented.
Three to five electro-stratigraphic units were aedited in the study area, namely: the topsoil (zigda laterite), lateritic
clay, weathered basement rock, fractured baseroektand fresh basement. The weathered and / fexthasement rocks
constitute the aquiferous zones in the area. Tip¢hde basement varies from 6m at VES 25 reprasgritie basement
high to 62m at VES 21, the deepest points in thdystrea which corresponds to basement depredgi®.8, 11, 12 and
21 could be considered for drilling with an averdggth of 40 — 60m depending on sounding point.
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Figure 4: Depth to Basement Rock
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