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ABSTRACT

A combined gcologic;\i and gcophysical evaluation was made of the groundwatcr potcntiai ofthe Aj ana, Remo North area
in south-western Nigeria; the gcology and other structural features of the rocks there strongly influenced and correlated
the aquiftrs’ storabiiity and transmissivity. Gsoiogicai mapping revealed that the area was made up of granite, quartzite and
varieties of gnciss, some of which have good sccondaly porosity and pcrmcabiiity, Ten vertical electric soundings (VES)
stations were established using a Schlumberger electrode array.  Five geoclectric layers consisting of topsoil, sand,
clayey-sandy, fractured / weathered basement and fresh bedrock were delineated. The aquifer layers were the 38.3m thick
283 ?m resistivity sand/ s;mdy clay and 55 - 518 ’m resistivicy fractured/weathered basement. Other gcocicctric
parameters used in cvaluating the area’s hydrogcoiogical potcntial included curve type, anisotropy cocfficient and
reflection cocfficient -~ The QH curve type was predominant in the arca. The anisotropy Cocfficients suggested VES
stations having high groundwatcr potcntiai ranging from 1.4 — 1.56; while the reflection coefticients for the area rangcd
from 0.21 - 0.99. The overall results showed that VES stations 8,9 and 10 could be possible groundwater sources having
high expected yield.

RESUMEN

Se realizé una evaluacion gcoio’gica - gcofisica del potcncial hidrogcoi(’)gico en Aj;ma, Remo North en la zona suroeste de
Nigcria; la gcologia y las fracturas en las rocas estin estrechamente relacionadas con la capacidad de almacenamiento y
transmisividad de los acuiteros. El mapeo gcoiégico revela que el drea esta conformada por granitos, cuarcitas yvaricdadcs
de gneis, aigunos con buena porosidad secundaria y pci‘mcabiiidad. Serealizaron diez Sondeos Eléctricos Verticales (SEV)
en configuracion Schlumberger, donde se establecieron cinco capas: Suelo, arena, arcilla arenosa, basamento fracturado -
meteorizado yroca fresca. Las capas acuiferas tiene cspesores de 38.2m con resistividades de 283 Qm paraarcnay arcilla
arenosa, y resistividades entre 55— 518 Qm para el basamento meteorizado. Otros para’mcrros gcocic’ctricos utilizados en
la evaluacion del potcnciai hidrogcoic’)gico delazona inciuycn el tipo de curva, el coeficiente de anisotropiay el coeficiente
dereflexion - Las curvas tipo QH fueron predominantes en la zona. Los cocficientes de anisotropia sugiricren que los SEV
tienen gran potcnciai hidrogcoiégico con un rango de 1.40 a 1.56; mientras que los cocficientes de reflexion para la zona
variaron entre 0,21y 0,99. Los resultados generales mostraron que en los puntos de los SEV 8,9y 10 podrian ser posibles

fuentes de agua subterrdnea con alto rendimiento.
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Introduction

Groundwater is a vital natural resource for providing a community's water
supply and piays afundamental role in human wcii-bcing, aswellas that of many
aquatic ecosystems. It is a prcfErrcd water source in many instances because
water quality is generally good as it has been filtered by the soil, it is rcadiiy
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available and is often the oniy source of freshwater available due o its better
spatiai extension and distribution. There is constantiy increasing demand for
this resource which has resulted in the tremendous dcvelopment of
groundwatcr resources during recent years. Unfortunatciy, it is not rcadily
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available like surface water and its cxploitation involves costs and demands a
form of technical-know-how.

The carly 1900’s brought about the development of the clectrical
rcsistivity methodin dcciphcring groundwatcr potcntial. Since then, improvcd
technologies have led to a more refined approach to the cxploration and
cxploitation of groundwatcr resources. Applying the resistivity method with
the availability of computers tor processing and analysing data has grcatly
hclpcd the matter (Rcynoids, 1997). Many rescarchers such as Ako et al,
(1986), Agwunobiand Onuoha (1998), Olorunfemiand Olorunniwo, (1985),
and Ariyo, (2003) have successfully located prolific borcholes using this
method.

Physiographic sctting

The study area lies between laticudes 7° 03N and 7° 05'N and longitudes
3°43'F and 3° 46 E, covering an arca of around 20km”. It falls within Nigeria’s
tropical rain forest belt. The relief is low with elevation above sea level ranging
between 16.1 = 117m. The major river draining the arcais the River Onawhich

flowssouther, having tributaries forming adendritic drainagc pattern. Figurc 1

Thearea’s geology

The Ajana arca falls within south-western Nigcria’s Precambrian
Basement Complex rocks. The Basement Complexaccounts forabout 80% of
south-western Nigcria’s total surface. South-western Nigcria’s basement
complcx rocks have been classified into migmatite—gneiss complcxcs,
meta-sedimentary and meta- volcanic rocks (the schist belts), the Pan-African
granitoids (the older granitcs) and undeformed acid and basic dykcs (Rahama,
2006). The study arca’s geology consisted migmatised biotite - hornblende
gneiss, biotite — hornblende gneiss, quartzite and granite.

Dataacquisition

Geological mapping

Rock samplcs were taken from rock outcrops throughout the area.
Samplcs tell into four different rock types: migmatiscd biotite-hornblende
gneiss occupying the study area’s north-castern part, biotite-hornblende gneiss
(a ﬂat—lying outcrop foundin one location), quartzite and granite occupying the
largcst part of the study area. Pctrogmphic studies of the rocks revealed a
plcthora of minerals including biotite, hornblende, quartz, muscovite,
microcline and plagioclasc lcldspar and some accessory minerals, Figurc 2.

The Geoelectric Survey

Ten Vertical Electrical Soundings (VES) were made in the arca using
Schlumbcrgcr clectrode array (Figurc 3). Earth resistance measurements
were made with a Syscal Junior Terrameter  (a  high-powered,
fully-automatic resistivicy meter for DC electrical survcys); ithasbeen used
over the years for groundwarcr cxploration, environmental studies, civil
engineering and structural gcology investigation. It has the advantagc of
dircctly measuring ground material’s apparent resistivity as against carlier
instruments which measured carth resistance to obtain the ground’s
resistivity.

Apparcnt ground resistivity  was obtained; ground resistivity  was
calculated by multiplying by appropriate gcoclcctric constants. The results
were plottcd ona log—log graph scale,a samplc of which is shown in Figurc 4.

Partial curve matching tcchniqucs using two—laycr model curves and
corrcsponding auxiliary curves were used to arrive at curve types.
WINREST software was used in this survey to determine appropriate
resistivity values. The field curves were comparcd with  the
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Figure 1: Ajana location map with Nigcria map inset
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Figure 2: Ajana geological map
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computcr-gcncratcd curves and a gOOd ﬁt was obtaincd as shown in Figurc
4. Tablc 1 ShOWS thC computcr modclling rcsults for thC sounding stations

and thC corrcsponding dCP[hS.

ThC tablc ShOWS that thrcc to ﬁVC gcoclcctric laycrs were dclincatcd as

fOllOWSZ

The first layer was topsoil consistingof 0.9m - 1.9m thickness 180 - 5,060

Qm resistivity sand/sandy clay and lacerite;
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Figure 3: Ajana data acquisition map

The second layer consisted of 0.9m thick clay layer having 45 Qm
resistivity and 0.9 - 31.2m thick and 131 - 803 Qm resistivity sand/sandy clay
layer.

The third layer was a 5.3 - 32.2 m thick 14 - 47 Qm resistivity clay layer
and sandy layer having 755 Qm resistivity and 0.9 m thickness, weathered layer
having 55 Qm resistivity and 16.5m thickness and 122 - 518 Qm resistivity

fractured rock, and a 924 Qm fresh basement.
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Table 1: Summary of VES results
VES p1 02 03 p4 p5 h1 h2 h3 ha gﬁﬂ:::f
point | (Qm) (Qm) (Qm) (Qm) (Qm) (m) (m) (m) (m) o)
1. 510 131 14 909 1.3 9.4 32.2 32.2
2. 398 134 15 1,064 0.9 7.6 15.5 24.0
3. 355 45 518 - 0.9 6.5 - 7.4
5,06
4. 0 1,861 755 2809 627 1.9 9 0.9 10.8 15.4
5. 849 253 47 15,316 1.0 2.7 5.3 9.0
6. 208 650 55 1,889 1.3 2.0 16.8 20.2
7. 229 597 924 - 1.1 14.6 - 15.7
8. 181 803 154 - 1.7 31.2 - 32.9
9. 180 1,907 122 - 1.6 6.1 - 7.7
10. 495 546 1,729 283 3,870 1.1 1.5 4.3 38.3 45.3
p = Layer resistivity (ohm- m) h = Layer thickness (m)
The fourth laycr was composed of 38.3m thick 283 Om resistivity sand The fractured/weathered basement constituted the major aquifcr in the
and fresh rock having 909 - 1,5316 Qmwith9 - 32.2m dcpth to basement. area based on their thick overburden and 1‘clatively low resistivity values. Thus,
The fifth layer is madc up of 627 Qm resistivity fractured rock and fresh VES points 3, 4,6 and 8 - 10 having 55 — 518 Qm resistivity ?nd 74 - 453m
basement having 3870 Qum resistivity and 45.3m depth to basement overburden  thicknesses respectively could be a good area for groundwater
5 ’ ’ ’ cxploration.
. o AJANA VES 06 5 AJANA VES 01
Weighted RMS: 1.3 Schlumberger Configuration Weighted RMS: 1.1 Schlumberger Configuration
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Figure 4: A typical VES curve obtained in the study area.
A r
y .

;}, ‘ AGOSTO 25-PORTADA GEOCIENCIAS-15-1 2011.prn

jueves, 25 de agosto de 2011 11:28:18

D:\GEOCIENCIAS JULIO 2011\GEOCIENCIAS 15-1 JULIO 2011.vp



Y|

> |

Composite

133 1lpi at 45 degrees

Geological and geophysical evaluation of the Ajanaarca’s groundwater potential, southwestern Nigeria 39

VES 3, 6, 8, 9 and 10 had good aquifcr quality (layer resistivity and
tliickness), bcing favourable for groundwater exploitation based on the
gcoclectric laycrs so delineated. VES station 3 consisted of fractured rock but
the expcctcd water dcpth in the borehole was too small to recommend it for
borehole drilling (mcaning that it was left off the list).

Curve Types

Curve matching depicted four layer curves (QH, KH) at four VES
stations, three laycr curves (H, A, and K typcs) at four VES stations and five
layer curves (QHK, AKH) at two VES stations (Table 2).

Table 2 shows that the QH curve type predominated in the study arca.
Ariyo (2003) proposed that the QH curve type is generally characterised by
high groundwater providcd thatthe aquifcr unitis apprcciably thick. However,
VES points 1,2 and 5 having QH curve types were clayey aquifers (aquitard)

which would have poor groundwatcr yield.

GCOC]CCtI’iC paramctcrs

The gcoclcctric laycrs derived from electrical soundingwcrc described by

mQH two basic parameters — laycrs resistivity and thickness. Other gcoclcctric
mH parameters were derived from the fundamental parameters mentioned above
= QHK (Zohdy er al, 1974), such as anisotropy cocfficienc (A) and reflection
= KH coefficient. Thcy were mathcmatically derived as:
mA
- Anisotropy coefficient
AKH The overburden anisotropy cocfficient was given as
pC 4
A=—(Keller and Frischknecht, 1966)
Figure 5: Curve type pic chart pL
Table 2: Various curve types from the Ajana arca
Curve type QH H QHK KH A K AKH
Frequency 3 1 1 1 1 2 1
Percentage 30% 10% 10% 10% 10% 20% 10%
Table 3: Summary of Geoelectric Parameters
Longitudinal T
VES Ovefrburden b ransverse Anisotropy | Reflection Curve
thickness resistivity, p p C resistivity p L oo oo
No coefficient | coefficient type
(m) (Qm) (Qm)
1. 32.1 19.18 63.59 1.82 0.97 QH
2. 24.0 21.56 66.80 1.76 0.97 QH
3. 74.4 50.37 82.68 1.28 0.84 H
4. 15.5 2,421.88 2,849.32 1.08 0.63 QHK
5. 9.0 71.94 197.7 1.66 0.99 QH
6. 20.1 63.63 123.94 1.40 0.94 KH
7. 15.7 536.32 571.09 1.03 0.21 A
8. 329 681.64 770.48 1.06 0.68 K
9 7.7 636.15 154.84 1.56 0.88 K
10. 45.2 319.4 436.72 1.17 0.86 AKH
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where pc = transverse resistivity in Qm.
C

=Z Pt and
pL

pr =longitudinal resistivity in Qm

p3 (prj

where hi = layer thickness in m

pi=layer resistivity in m

Anisotropy cocfficients were calculated from the laycr resistivity and
thickness obtained from qualitative interpretation raging from 1.03 - 1.82.
Whereas, a range of 1.39 - 1.66 anisotropy cocfficient has been judged
necessary for borcholes to be considered productivc in some parts of
south-western Nigcria’s basement complcx (Olorunfcmi and Olorunniwo,
1985). Groundwarer yield increases with anisotropy coefficient (Olorunfemi
et.al, 1991), although VESS, 6and 9 had good anisotropy cocfficients of 1.4 —
1.66, only VES 6 had appreciable aquifer thickness (16.8m).

Reflection coefficient

The bedrock interface reflection coefficient is an important
parameter which shows that a bedrock fracture is filled with water. There
must be a direct correlation with the anisotropy coetticient value for this
parameter to be considered. However, the present study showed that
intermediate reflection coefficient values correlated with sand aquifcr were
cxpcctcd tobe prolific ifdcvelopcd into a borehole. It was also noticed that
reflection and anisotropy coetticients for VES points 8,9and 10 had alinear
rclationship, thus, the parameter could be considered (togcthcr with other
parametcrs) as bcing good factorin sclccting asite for devcloping borehole.
This was given as:

_pu P
n=1""
P, TP,

K

where p. =bedrock resistivity

Put = sub-basement resistivity
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Conclusion

This paper has rcportcd a gcological and gcophysical evaluation ofAj ana’s
groundwatcr‘ The area’s geology delineated from gcological mapping showed
that it consisted of granite, quartzite and varieties of gneiss. Rock type has a
direct influence on an area groundwatcr, as casily fractured rock like quartzite,
would enhance sccondary porosity and pcrmcability while hard and resistant
rock like basalt would advcrscly affect aquifcr parameters. VES data was also
acquircd and intcrprctcd using WINREST software to determine the primary
gcoclcctric parameters from which further gcoelectric paramcters were
derived. Based on layer thickness and resistivity values, VES 6,8, 9 and 10 located
onaweathered (VES 6) and sandy laycr (VES 8to 10) have been recommended.

However, only VES 8 to 10 had low to medium reflection coefficients having a

te)
lincar rclationship with their overburden anisotropy coefficients. VES stations 8
to 10 had good aquifcr thicknesses meaning that if dcvclopcd into water
borcholes, the water column would be thick cnough to sustain the local
pcoplc’s water need (i.e. VES stations 8, 9 or 10 could be drilled and dcvclopcd

into producing water borcholcs).
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