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Abstract

Hydrogeophysical study was carried out in the Bas#nComplex area of Kogi State Polytechnic, Osara
Campus, to investigate the groundwater potentidhefsubsurface layers. Acute water shortage aalleciges

of abortive and non-functional open and closed svblhs prompted this study on the development of the
groundwater resources. This work involves using ehectrical resistivity method to investigate coaled
fractures within the area with the aim of delinegtnear surface/subsurface geological layers terahine the
depths, thickness, structural trends and spatiatriblition of basement rocks as potential sourcés o
groundwater. A total of thirty six vertical eldctl sounding (VES) using the Schlumberger configion was
employed for the study. The depth and resistivitghe subsurface layers were determined. The presed
results of the geo electrical sections indicatespgtesence of four subsurface layers: top soihiskhess and
resistivity values ranging from 0.2 — 5.0m and 69728 ohms meter, weathered basement ranging Srem
12m and 100 — 914 ohms meter, fractured basemegingfrom 6.2 — 196 meters and 42 - 196 ohms nibter
fresh rock bedrock ranging from infinity in thickseand 741 — 3691 ohms metres. Geo electric ssctio
overburden Isopach maps of the area were drawn agement depressions and elevations, the basement
depressions are the priority areas for groundwvatistraction within the study area.

Keywords: Osara, Groundwater, Electrical Resistivity, Fuaet Geoelectrical sections.

1. Introduction

The need to develop groundwater resources for fotede in Kogi State Polytechnic Lokoja, Osara Casnig
highly considered as a result of population inceegtsthe institution and the fast expansion ofiisétution. The
Osara town where the essential for sustainableld@vent of the groundwater resources within thsaarhe
study area school is located depends mainly onrwaie the hand — dug wells of epileptic and inagkq
supply during the dry season. Groundwater abstmacit only one location in the institution can mmder
sustain the increased population, as villagers filoeenOsara town also rely on the water at the Canfirutheir
domestic use. Attempts made to drill more wellhd Osara Campus have all failed as the wells dherei
epileptic or non-functional. Hence, detailed evtibra of the groundwater potential within the campas
underlain by crystalline rocks of the basement dempwhere aquifers are continuous, isolated and
compartmentalised. These rocks in their undeforstate have little or no primary inter granular =ity and
permeability and thus, ground water occurrence igpen the presence of secondary porosity and pduitite
by weathering and/or fracturing of the parent ro¢ksworth, 1981; Olorunfemi and Fasuyi, 1993). the
basement complex area of Nigeria, the exploitatiogroundwater is highly control by the nature aimel type of
fracture that occurs within the basement completiri@ation and distribution of such fractures isréfore very
necessary to exploit the groundwater resources Dklineation was possible by surface geophysiethats
such as resistivity technique.

2. Site Description and Geology

The study area is located between latitudet77to 751 North and longitudes’@0 to & 45 East (Figure 1).
Kogi State Polytechnic Lokoja, Osara Campus. Thdystrea is accessible through federal trunk a fozd
Abuja via Lokoja to Okene. The area is characterizg rainy and dry seasons. The rainfall startpnil and
lasts until November. The rainy season on averagfs for 217 days while the dry season starts forember-
March and lasts for 151 days (Walter, 1977). Thgetation is guinea savannah consisting of tall spasand
low trees and shrubs. In the wet season, this adgatgrows to become thick and impenetrable inesqarts.
In the dry season however, the grasses becomesdrgre burnt annually.

The study area falls within the basement complethefsouth-western part of Nigeria made up of tplgteau,
dipping gently in the north-eastern and easterections. Southwestern Nigeria is mainly underlaynfaur
main rock units which have been adequately stubiediarious workers (Rahaman, 1989) Ajibade etial.,
Kogbe C.A (1980), Oladele et al., (1978). The BamsinComplex rocks of Nigeria are composed predontiyna
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of migmatite gneiss complex; slightly migmatised damigmatised para-schists and meta-igneous rocks;
charnockitic, older granite suites and dolerite ebykRahaman, 1976 he Precambrian Basement rocks of
Okene area, Southwestern Nigeria comprise of scldstd gneisses which have been subjected to major
supracrustal tectonic events such as the Dahom&g&9+ 200Ma), Eburnean (1850 + 250Ma), KibararOQHO
100Ma), and Pan-African (550 100Ma) (Ezepue an®jiO#i993).

4. Methodology

The Vertical Electrical Sounding is used to measuical variations in electrical properties bethethhe earth
surface with respect to a fixed Centre of the arlaig done by increasing the electrode spacingdily about a
central position whose vertical resistivity varati is sought. Resistance measurements are madacht e
expansion and multiplied by the respective geoméaitor (K) to give the resistivity. A total ofitty six VES
soundings were carried out along six profiles aeparation of 200 metres within Osara town usiegABEM
tetrameters SAS 1000. A total of six soundings sgaat a station interval of 100m were taken on gaofile
(figure 3). A maximum current electrode spacing JAB 300m was used with the aim of probing a deytht
least 1/3 of AB. The VES station were marked, tworent electrodes (C1 and C2) of equal distancethe
opposite side of the VES station were measuredhantimered into the ground. Similarly, two other &lzes
(P1 and P2) of equal distances at VES point betwseiourrent electrodes were measured.

5. Results

The results of the Vertical Electrical sounding presented in Tables 1 to 6. From the results nbthirom
VES stations along profiles. In Profile AA’, thept®oil shows average layer resistivity and thickneslues
ranging from 267 — 3728 ohms metres and 1.14 n2 i@1Profile AA’, 267 — 3728 ohms metres and 1-14
2.91m for Profile BB’, 245 — 373 ohms metres a8l7 — 1.43m for Profile CC’' 238 — 604 ohms metird
1.25 — 6.08m for Profile DD’ 445 — 1596 ohms meinesl 0.60 — 3.31m for Profile EE’ and 196 — 352 shm
metres and 1.17 — 3.95m for Profile BB’ FF.

The weathered basement ranges from 268 — 6106 otatnes and 1.14 — 2.91metres in Profile AA’, 34688
ohms metres and 1.15 — 18.96metres in Profile BB3 — 526 ohms metres and 6.05 — 12.8metres inld°rof
CC’, 231 — 520 ohms metres and 2.72 — 10.6metreBrafile DD’, 179 — 358 ohms metres and 1.70 —
3.32metres in Profile EE’, 245 — 645 ohms metreas@B9 — 2.56metres in Profile FF'.

The fractured basement ranges from 117 — 1432 oheter and 11.6 — 24.2 metres in Profile AA’, 11268
ohms meter and 4.57 — 36.03 metres in Profile BB§ — 221 ohms meter and 2.02 — 26.3 metres inlé®rof
CC’, 104 — 204 ohms meter and 1.37 — 36.4 metr&safile DD’, 98 — 152 ohms meter and 6.20 — 3869ras

in Profile EE’, and 113 — 176 ohms meter and 7.33:5 metres in Profile FF metres in Profile AA2 4 1432
ohms meter and 11.6 — 24.2 metres in Profile AR'-41432 ohms meter and 11.6 — 24.2 metres inl®raf’.
The Fresh bedrock ranges from 227 — 1564 for lerof\’, 1345— 1564 for Profile BB’, 1251— 3691 fBrofile
CC’, 1236- 3307 for Profile DD’, 1456— 3421 for Ri® EE’, 1329- 2112 for Profile FF’. 1345- 1564 f
Profile AA, 1345- 1564 for Profile AA, 1345— 156drfProfile AA. The thickness values for profile AA'FF’
are at infinity.

6. Discussion

The 2D geoelectric/geologic sections along the 6filps are shown in Figures 3to 9. Four geo-
electric/geological subsurface layers comprising top soil, weathered layer, partly weathered/énaeat
basement and the fresh bedrock have been delin€Btedtop soil is composed of sandy clay or clayagd
with resistivity values of 180-300Fm and thickne$etween 0.50-4.0 metres. With the exception rofile
BB, CC and DD the entire top layer of the others generally less than 2 metres thick. The secoyet ia the
weathered basement with resistivity values thay \metween 84-170Fm and thickness of between 0.6D-25
metres. It indicates a high degree of saturatioggssting that the layer corresponds to the acuifezone in
the area. However, due to the low resistivity ofmsoof the VES point for this layer, there is indioca of
possible of clay materials within the weatheredebaent. The third layer is the partly weatheredttraez
basement with resistivity and thickness values@if-250 Fm and 9.0-35 metres respectively. FronRihayeo
electrical/geologic sections, there are indicatiohsonfine fractures within the basement especialbrofile A-

C. The fresh basement shows very high resistivithue, greater than 500 ohm-m indicating non porncs
permeable media. This forms the bedrock rock ottiteée study area.

The prominent fracture zones are restricted withitkepth of 8.0 to 35.0 metres below the groundl.Siace
the study area shows a four layered case, the Bdd3ed layers are interpreted as potential groumademw
horizons from which a good amount of ground watar be exploited. In this case, the second layeesents
weathered zone and the third layer representsafigriveathered zone or fractured zone. From theolygsical
investigation results obtained, it is inferred ttiag thickness of the aquifer varies from plac@laxe. In most
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part of the study area the thickness of the aquifaterials is more than 25.0 metres. The poteatjaifers are
confined to weathered and fractured migmatite rafkbe basement complex of the North Central N&ggdihe
geophysical investigation of the area reveals thahas high potentiality foexploitation of ground water
through different kinds of groundwater structutdewever, depending on the depth to massive bedsuitable
ground water structures may be developdte depth to the fresh basement within the studg aras between
8.0 metres to 34.0metres (figure 12). It was alsseoved predominantly within the study area thadépth to
the fresh bedrock was generally above 16.0 metres.

The Isopach map of the weathered basement is agnsho Figurel3. From the map,the thickness of the
weathered basement ranges from 2 to 26m. Thisnbgkis reliable for groundwater accumulation esfigc
within the areas where the thickness is generdliyva 12 metres. Figure 14 show the isopach maphef t
fractured basement. It is clearly seen from the thapthe thickness of the fractured basement afrgen O to
26 meters which are confined within to the studgaaHowever some unconfined fractures exist. Thastures
show some North-East South-West trend where threralzgsences of fractures. From Figure 15, it camotieed
that the depth to basement is generally greater iBametres except for the portion where the majad pass
through. This shows that the overburden burden rimyehe fresh basement is thick enough to accut@ula
enough water for groundwater exploitation actigtialso it can be deduced that the road pavemdradsa sited
on a solid foundation which geo technically, thadds free from most geological factors that aigdrpavement
failure.

7. Conclusion

This study has been able to highlight the imporané resistivity method in effective hydrogeolodica
characterisation and groundwater exploration. Tégpfysical investigation carried out delineatespiesence
of four subsurface layers which comprised the toih sveathered basement, fractured basement anttekle
bedrock. It can be concluded that the low resistiahd significantly thick weathered and the fraetlbasement
constitute the aquifer in this area. Also the kh&ss of the weathered layers was reasonable toogup
continuous supply of water from any borehole wittiia area. However the North-West portions of tiea dack
sufficient fractures and the thickness of the ouedbn is also thin for groundwater abstraction.
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Table 1;: Summary of the Resistivity Survey along Rifile AA’

Ves Station Layer Resistivity Thickness Depth Rem&r
1 267 1.26 1.26 Top Soil
418 1.72 3.00 Weathered Basement
42 11.71 14.75 Fractured Basement
688 Infinity Infinity Fresh Bedrock
2 265 1.21 1.21 Top Soil
400 1.83 3.04 Weathered Basement
45 10.70 13.74 Fractured Basement
788 Infinity Infinity Fresh Bedrock
3 3728 1.14 1.14 Lateritic Top Soil
6106 1.03 2.18 Weathered Basement
551 22.1 24.2 Fractured Basement
871 Infinity Infinity Fresh Bedrock
4 326 1.52 1.52 Top Soil
778 491 6.45 Weathered Basement
204 15.55 21.98 Fractured Basement
797 Infinity Infinity Fresh Bedrock
5 765 1.30 1.30 Top Soil
315 3.40 4.70 Weathered Basement
116 17.9 22.5 Fractured Basement
477 Infinity Infinity Fresh Bedrock
6 1126 2.91 291 Top Soil
268 2.80 5.79 Weathered Basement
1432 5.97 11.76 Fracturd Basement
227 Infinity Infinity Frsh Bedrock
Table 2: Summary of Resistivity Survey along Profit BB’
VES Station Layer Resistivity Thickness Depth Rem&
1 8178 1.88 1.88 Lateritic Top Soil
398 8.96 10.84 Weathered Basement
276 36.03 46.88 Fractured Basement
1453 Infinity Infinity Fresh Bedrock
2 2207 1.61 1.61 Lateritic Top Soil
415 1.69 3.30 Weathered Basement
117 457 7.87 Fractured Basement
1564 Infinity Infinity Fresh Bedrock
3 2135 3.32 3.32 Lateritic Top Soil
401 6.78 10.31 Weathered Basement
268 25.06 28.88 Fractured Basement
1467 Infinity Infinity Fresh Bedrock
4 337 1.06 1.06 Top Soil
688 1.15 2.21 Weathered Basement
136 17.1 19.3 Fractured Basement
1345 Infinity Infinity Fresh Bedrock
5 439 1.22 1.22 Top Soil
347 2.09 3.30 Weathered Basement
196 6.70 10.0 Fractured Basement
1432 Infinity Infinity Fresh Bedrock
6 160 2.76 2.76 Top Soil
473 8.2 10.94 Weathered Basement
125 115 21.02 Fractured Basement
1432 Infinity Infinity Fresh Bedrock

174




Journal of Environment and Earth Science

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online)

Vol. 3, No.9, 2013

www.iiste.org

Table 3: Summary of Resistivity Survey along Profg CC’

VES Station Layer Resistivity Thickness Depth Remd¢
1 245 1.25 1.25 Top Soil
196 6.05 7.31 Weathered Basement
126 26.3 33.6 Fractured Basement
1615 Infinity Infinity Fresh Bedrock
2 276 1.06 1.06 Top Soil
522 12.8 13.9 Weathered Basement
251 11.0 24.9 Fractured Basement
1597 Infinity Infinity Fresh Basement
3 286 0.37 0.37 Top Soil
162 5.1 5.48 Fractured Basement
3691 Infinity Infinity Fresh Bedrock
4 199 6.58 6.58 Top Soil
2935 Infinity Infinity Fresh Bedrock
5 245 124 124 Top Soil
190 2.02 3.26 Fractured Basement
1376 Infinity Infinity Fresh Bedrock
6 373 143 143 Top Soil
473 6.8 8.23 Weathered Basement
221 17.0 25.3 Fractured Basement
1251 Infinity Infinity Fresh Bedrock
Table 4: Summary of Resistivity Survey along Profgt DD’
VES Station Layer Resistivity Thickness Depth Rem
1 238 1.25 1.25 Top Soil
520 10.6 11.80 Weathered Basement
1520 Infinity Infinity Fresh Bedrock
2 261 6.08 6.08 Top Soil
3307 Infinity Infinity Fresh Bedrock
3 272 1.87 1.87 Top Soil
228 2.72 4.60 Weathered Basement
1362 Infinity Infinity Fresh Bedrock
4 395 1.26 1.26 Top Soil
114 1.37 2.62 Fractured Basement
1287 Infinity Infinity Fresh Bedrock
5 604 1.35 135 Top Soil
231 6.17 7.51 Weathered Basement
204 36.4 43.9 Fractured Basement
1236 Infinity Infinity Fresh Bedrock
6 575 1.59 1.59 Top Soil
105 4.62 6.21 Fractured Basement
1564 Infinity Infinity Fresh Bedrock
Table 5: Summary of Resistivity Survey along Profit EE’
VES Station Layer Resistivity Thickness Depth Rem&
1
1251 0.60 1.64 Top Soil
358 25 4.14 Weathered Basement
152 171 27.2 Fractured Basement
1497 Infinity Infinity Fresh Bedrock
2 1596 1.63 1.63 Top Soil
179 2.03 3.66 Weathered Basement
100 7.77 11.4 Fractured Basement
3217 Infinity Infinity Fresh Bedrock
3 1299 331 3.31 Top Soil
280 3.32 6.02 Weathered Basement
120 12.83 16.15 Fractured Basement
1456 I nfinity Infinity Fresh Bedrock
4 680 1.40 1.40 Top Soil
214 2.50 3.90 Weathered Basement
98 38.9 42.8 Fractured Basement
3421 Infinity Infinity Fresh Bedrock
5 1241 1.59 1.59 Top Soil
116 6.20 7.79 Fractured Basement
1867 Infinity Infinity Fresh Bedrock
6 445 1.14 1.14 Top Soil
287 1.70 2.85 Weathered Basement
123 6.35 11.20 Fractured Basement
1988 Infinity Infinity Fresh Bedrock
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Table 6: Summary of Resistivity Survey along Profi FF’

VES Station Layer Resistivity Thickness Depth Rem&

1 280 1.17 1.17 Top Soil
648 2.56 3.73 Weathered Basement
141 7.53 11.3 Farctured Basement
1889 Infinity Infinity Fresh Bedrock

2 286 1.34 1.34 Top Soil
423 1.16 25 Weathered Basement
176 8.68 11.2 Fractured Basement
1475 Infinity Infinity Fresh Bedrock

3 196 1.33 1.33 Top Soil
245 0.78 2.11 Weathered Basement
152 10.2 12.3 Fractured Basemnt
1960 Infinity Infinity Fresh Bedrock

4 557 2.64 2.64 Top Soil
1410 Infinity Infinity Fresh Bedrock

5 280 3.95 3.95 Top Soil
169 17.5 21.4 Fractured Basement
2112 Infinity Infinity Fresh Bedrock

6 352 1.23 1.23 Top Soil
429 0.69 1.93 Weathered Basement
113 9.69 11.6 Fractured Basement
1329 Infinity Infinity Fresh Bedrock

¢ \/ “:A{&

FIGURE 1. TOPOGRAPHICAL MAP SHOWING THE STUDY AREA
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Figure 14: THickness of the Weathered Basement
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