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An integrated geophysical survey involving the electromagnetic (EM) and direct current resistivity methods was 
carried out in part of  Ilesha, Osun State, underlain by schists, quartzite and quartz schist complex, with a view to 
assessing the groundwater potential. The EM survey was conducted along eighteen (18) EM profiles with the 
Geonics EM34-3 using both 20 m and 40 m coil separations at 20 m station interval. The EM measurements were 
presented as conductivity profiles and were qualitatively interpreted for high conductivity zones. The resistivity 
survey involved Schlumberger Vertical Electrical Soundings (VES) with maximum AB/2 of  600 m at fourteen 
(14) locations that were constrained by the EM anomalies. The VES data were quantitatively interpreted by 
partial curve matching and computer assisted 1-D forward modelling. Some anomalous conductivity zones that 
were typical of  fractured basement were identified from the EM profiles. The VES delineated fractures at deep 
depth within areas underlain by quartzite or quartzitic schists. Two test boreholes (BH-1 and BH-2) were drilled 
with mud rotary/down-the-hole hammering methods and pump tested using standard procedure. BH-2 drilled 
at location with very high EM conductivity (375 mhos/m) and thick fractured basement gave very high 

3groundwater yield of  65 m /h (18 l/s), while BH-1 drilled at location with relatively low conductivity (40 
3mhos/m) and thin fractured basement gave low yield of  1.6 m /h (0.46 l/s). The study concluded that contrary 

to previous view of  generally low prospect for groundwater development in the basement complex of  Ilesa, 
some part of  the study area was characterized by high groundwater potential.
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INTRODUCTION
Public water supply to Ilesha is currently non-
existent as the construction of  a dam planned for 
the town's water supply has been abandoned. The 
people depend significantly on groundwater from 
hand-dug wells whose depths vary depending on 
the locality but are rarely deeper than 25 m. In 
certain cases, hard rocks had to be blasted in order 
to obtain significant volume of  water.  Availability 
of  water from hand-dug wells is very variable and 
is readily correlated with the geology. In most 
parts of  the town, there is water scarcity with dug 
wells going dry during the dry season. In other 
parts, the wells generally have abundant water all 
year round, and electric pumps are used to pump 
water to overhead tanks.  Many individuals 
depend on water purchased from water vendors.

As a result of  the lack of  public water supply, and 
the long period of  time it will take to construct a 
dam and put in place infrastructures for water 
delivery, an assessment of  the groundwater 
resources of  Ilesha was carried out with a view to 
providing an urgent source of  water for an 
interim public water supply system. 

Description of  Study Area
Ilesha town lies within latitudes 7° 30' and 7° 35' N 
and longitudes 4° 30'and 4° 34' E (Figure 1). The 
town covers an area extent of  about 73.6 square 
k i lometers.  The Nat iona l  Popula t ion 
Commission (2006) puts the population at 
210,141. The climate is humid tropical type with a 
mean annual temperature of  about 28°C and a 
mean annual rainfall of  over 1600 mm 
(Orimoogunje et al., 2009). The whole area is 
drained by tributaries of  Osun, Sasa and Oora, 
rivers which flow in south ward and southwest 
ward directions. The natural vegetation is the 
tropical rain forest which could only be found in 
patches all over the district, but mainly on hills.

Geology and Hydrogeology: 
Ilesha and environ fall within the crystalline 
Basement Complex of  southwestern Nigeria. It 
forms a part of  the Ife-Ilesha Schist Belt of  
Southwestern Nigeria (Elueze, 1981). In Ilesha 
area, the rocks of  the schist belt are structurally 
divided into two main segments by a major 
fracture zone often referred to as the Iwaraja fault 
system. The area west of  the fault comprises 
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mostly of  amphibolites, amphibolite schists, 
meta-ultra-mafites and metapolites.  Extensive 
psammitic units comprising mainly quartzites and 
quartz schists constitute the eastern segments. 
The ferromagnesian mineral rich schists are said 
to be the most dominant rock covering about 80% 
of  the Ilesha urban area. The quartzite/quartz 
schist covers about 15% of  the study area and 
occurs as prominent features such as Imo Hill east 
of  Ilesha city center. The schist equally forms a 
belt trending in a NE –SW directions.  Figure 2 
shows the geological map of  the study area. In 

Basement Complex rocks, groundwater occurs in 
the weathered and fractured zones (Akute Geo-
Resource Ltd., 1997).  High groundwater yielding 
boreholes are obtained in this terrain in areas of  
deep weathering and/or fractured zones. The aim 
of  the geophysical survey was to identify such 
areas of  deep weathering and fracturing and 
recommend the best two locations for drilling of  
test boreholes so as to obtain hydrogeological 
information to predict the viability of  
groundwater resources, as a source of  public 
water supply.
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Figure 1:  Map of  Southwestern Nigeria Showing Location of  Ilesha

Figure 2: Geological Map of  Ilesha Town (after Malomo et al, 1990)
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METHODOLOGY
A review of  geological and geophysical studies 
carried out in Ilesha was conducted.  Discussions 
were also held with individuals who had 
previously carried out geophysical surveys at 
Ilesha including geophysicists working with the 
Osun State Rural Water and Environmental 
Sanitation Agency (RUWESA) at Oshogbo on 
hydro-geophysical characteristics of  the study 
area. Useful information on areas with high 
groundwater yielding hand-dug wells were also 
obtained from some commercial water sellers as 
well as staff  of  the Water and Sanitation Division 
of  the Local Government Administration.
Integrated electromagnetic (EM) profiling using 
Geonics EM34-3 and direct current resistivity 
surveying using a PASI Resistivity meter was 
carried out at Olayemi and Bishop Streets in Ilesa, 
Southwestern Nigeria. In the EM survey, 
measurements of  the conductivity of  the 
subsurface in horizontal and vertical dipoles 
modes were made along eighteen traverses. The 
EM survey was carried out with 20 m coil 
separation and 20 m station interval. This 
effectively measures the conductivity of  rocks at 
depths of  15 m and 30 m for the horizontal (H) - 
and vertical (V) – dipoles respectively. The EM 
measurements were presented as conductivity 
profiles and were qualitatively interpreted for high 
conductivity zones. Where the survey at 20 m coil 
separation indicated a significant conductivity 

anomaly, a 40 m coil separation was also adopted.  
This was to explore for deep seated anomalies 
(fractures).

The resistivity survey involved the Vertical 
Electrical Soundings (VES). The technique 
measures variations in the apparent resistivity of  
the subsurface rocks with depth. Fourteen (14) 
VES were carried out using the Schlumberger 
electrode array with the maximum electrode (AB) 
spacing of  600 m. The VES data were presented 
as depth sounding curves which were 
quantitatively interpreted by a method involving 
partial curve matching and computer assisted 1-D 
forward modelling. The interpreted results gave 
individual layer of  specified thickness and 
resistivity. The locations of  the VES stations were 
constrained by the EM results and were areas with 
relatively high EM conductivity. The geophysical 
data acquisition maps are shown in Figures 3a, 3b 
and 3c.

Two test boreholes were drilled.  Down-the-hole 
hammer was used to drill through the partially 
weathered/fractured/fresh basement zone while 
the mud rotary method of  drilling was used in the 
weathered zone. The boreholes were completed 
and pump tested using Standard method, while 
water samples were taken for analysis at 
RUWESA laboratory.

Oteri et al.: Groundwater Resources Assessment of  Part of  Ilesa
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Figure 3a: Site Sketch showing the EM Traverses and VES Positions around Olayemi Street

Figure 3b: Site Sketch showing the EM Traverses and VES Positions around Bishop Street

Figure 3c: Site Sketch Showing the EM Traverses and VES Positions around Isokun Area.
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RESULTS AND DISCUSSION
From the review of  published geological 
information and interaction with many 
professional colleagues including the works of  
Malomo et al, 1990 and Aiyegbusi et al., 2010, the 
impression given was that groundwater potential 
is generally low in Ilesha due to the 
preponderance of  schists which weather to clayey 
soil with low permeability. This was responsible 
for the reluctance to drill boreholes at Ilesha.

Figure 4 shows a typical EM profile. This is the 
profile along Fagbola close in Isokun area of  
Ilesha. Two anomalous zones [with relatively high 
conductivity (> 100 mhos/m)] typical of  
fractured zones were delineated along this 
traverse. A minor anomaly occurs between 
distances 150 m and 170 m, while a large EM 
anomaly occurs from distance 300 m from the 
beginning of  the traverse and extends to the 
junction of  Fagbola Close through to Oroki 
Water Supply premises (Fig. 3c).  

Figure 5 shows the typical VES curves obtained 
from the study area. VES 3 was obtained within 
the floodplain of  major stream in Imo area where 
a thin layer of  sand and clay is underlain by fresh 
bedrock. VES 6 represents curves obtained in 
areas underlain by quartzite or quartzitic schists 
with abundance of  quartzite intercalations where 
the apparent resistivities are very high with 
inflections indicating fractures at large values of  
electrode spacing (AB/2). VES 13 was carried out 
at Bolorunduro in an area underlain by schists and 
the curve is a typical KH type curve.

Detailed discussion of  the results of  the 
geophysical investigation will focus on Olayemi 

Street in Imo Farm Area and Bishop Street, Coca 
Cola Area, off  Ijebu-Ijesha Road in Ilesha.

Olayemi Street in Imo Farm Area:
Although, in most of  this area, many of  the hand-
dug wells have abundant water, a borehole drilled 
at Imo Farm was abandoned due to low yield. The 
EM conductivity profiles in this area identified 
anomalous conductivity zones (with amplitudes > 
350 mhos/m) at shallow depth in the premises of  
House 17 and at deep depth at the vicinity of  
House No. 15 (Fig. 6).

Bishop Street
Bishop Street is located in the Coca Cola area of  
Ilesha West LGA.  It is off  the Ilesha – Ijebu 
Ijesha road.  In most of  this area, many of  the 
hand-dug wells have abundant water. The EM 
conductivity profiles obtained within this area are 
characterized by relatively low amplitude (< 60 
mhos/m) (Fig. 7)indicating low prospect for 
groundwater bearing basement fractures. VES 
Stations 4 and 10 were located at areas with high 
conductivity along Traverses 2 and 8 at Olayemi 
and Bishop Street localities. Figure 8 shows the 
VES - 4 and - 10 curves obtained at the test 
borehole locations at Olayemi Street and Bishop 
Street respectively while their quantitative 
interpretation results are contained in Table 1. 
Both VES stations were subsequently test drilled 
and pump tested.

Figure 9 shows the lithologic logs of  the 
boreholes. The lithology was predominantly 
schist with a quartzite/quartz schist rock. The 
quartzite zone was thicker in test borehole BH - 2 
than in test borehole BH - 1. Characteristics of  
the boreholes are contained in Table 2.

Oteri et al.: Groundwater Resources Assessment of  Part of  Ilesa
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Figure 4: A Typical Plot of  EM Profile Data in Ilesha

Figure 5: Typical VES Curves Obtained in Ilesha

Oteri et al.: Groundwater Resources Assessment of  Part of  Ilesa
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(VES 4) 

(VES 4) 

Figure 6: Plots of  EM Curve Generated along Traverse 2 with Coil Separations of  20 m and 40 m
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VES 8
VES 9VES 10

Figure 7: Plots of  EM Data Obtained along Traverse 8, Bishop Street, with Coil Separation of  20m 
and 40m

Figure 8: Vertical Electrical Sounding Curves at Test borehole locations

Oteri et al.: Groundwater Resources Assessment of  Part of  Ilesa
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Figure 9:  Lithologic Logs of  Test Boreholes BH 1 and 2 at Ilesha

Table 1: Quantitative Interpretation of  VES 4 and 10

Layer No.  

VES 4  VES 10  Lithology  

Resistivity  

(ohm.m)  

Depth  

(m)  

Resistivity  

(ohm.m)  

Depth  

(m)  

 

1 92  1.0  176  0.6  Topsoil  

2 388  3.7  1245  9.7  Weathered Layer  

3 249  12.6  2257  27.2  Partially Weathered Layer  

4 2483  42.5  969  83.0  Fractured /Fresh Bedrock  

5 478  129.5  832  129.0  Fractured Bedrock  

6 8117  --  6387  --  Fresh Bedrock  

0

30

 

60

 

90  

Test BH – 1
BISHOP STREET

Test BH – 2
OLAYEMI STREET

Depth (m)

Weathered/Partially 
Weathered Rock

Quartzite/Quartz 
Schist

Fresh Mica Schist
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The yield of  BoreholeBH – 1at Bishop Street was 
3low (1.65 m /h or 0.46 l/s).  This is not 

unexpected in view of  the low EM conductivity 
va lues.  T he  poten t i a l  wa te r  bea r ing  
quartzite/quartz schist has relatively high 
resistivity values [(969 – 2257) ohm-m] typical of  
basement rock with low fracture index (Fig. 9).

Borehole BH –2 drilled at Olayemi Street gave an 
3extremely high yield of  64 m /h or 18 l/s for a 

typical basement complex environment. This was 
evidenced while drilling was in progress (Fig. 
10).A pumping test conducted showed a 
drawdown of  1.13 m after 75 minutes of  

3pumping at the rate of  4.1 m /h or 1.14l/s. The 
authors are yet to know of  any borehole in the 
crystalline rocks (basement complex) in Nigeria 
with yields comparable to what was obtained in 
this borehole.

Table   2:  Comparison of  Borehole - and Aquifer - Characteristics of  Test Boreholes - 1 & - 
2, in Ilesha, Osun State

Item No Borehole BH – 1 Borehole BH – 2

Location
Opposite Methodist Bishop’s 
Court, Bishop Road, Coca Cola 
Area

 
Opposite House No. 17,
Olayemi Street, Imo Area

Local Government Area (LGA)

 

Ilesha West

 

Ilesha East

 

Coordinates

 

N 07. 64344°E 004.75667°

 

N 07.63363°E 004.77139°

Geophysical Survey Locations
 

VES 10 along EM Profile 8
 

VES 4 along EM Profile 2

Total depth Drilled (m)
 

80.26
 

84.4
 

Gross Thickness of  Quartzite 
Schist (m)

9 33  

Thickness of  Weathered Zone 
((m)

27.4
 

18.3
 

Static Water Level (m) 

 (below casing head)

 

10.31

 
11.78

 

Drawdown

 

16 m after 6 minutes of  pumping  
@ 4.7 m3/ h; drawdown was 28.5 
m at 30 mins of  pumping but 
pumping rate had reduced to about 
1.8 m3/ h

 

1.13 m after 75 minutes
Of   pumping  @ 4.1 m3/ hour

Transmissivity
0.76 m2/day initially,

 

falling to 0.22 
after 5 minutes of  pumping

Pumping-

 

61.6 m2/day;
Recovery - 66  m2/day

Recommended Yield  (m3/ hour) 1.65 (0.46 l/s) 65 (18 l/s)

Figure 10:  Photograph Taken Showing 
Water Gushing from the 
Olayemi Street Borehole 
while drilling at a Depth of  
45 m
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A search through the African literature shows that 
yields in crystalline rocks in Ghana are way below 
this observed yield (Bannerman and Ayibotele, 
1984; Darko and Krasny, 2003). In southern 
Zimbabwe, Owen et al., 2003, found from analysis 
of  data in a borehole data base that out of  353 
boreholes in the study area, 75% yielded less than 
1 l/s, while only 10% (36 boreholes) yielded more 
than 2 l/s. There were 17 boreholes that yielded 
more than 5 l/s. They came to the conclusion that 
although the borehole yield data indicated that 
there was a limited amount of  groundwater 
development potential within the study area, 
nevertheless there was a small potential for high 
yielding sites that could become the foci for 
economic development. It was only in fractured 
rocks in Botswana that yields in the same value 
range or higher as the Olayemi Street borehole 
were found (Buckley and Zeal, 1984; Holland, 
2012).

The Limpopo (Plateau) Archean gneisses posed a 
number of  exceptionally high-yielding areas not 
known anywhere else in Africa, within the 
crystalline basement aquifer system. These zones 
were highly productive which might be related to 
factors such as fracture density and susceptibility 
to weathering and could yield boreholes 
producing in excess of  40 l/s with transmissivity 

2exceeding 500 m /d (Holland, 2012). It is 
suspected that the borehole at Olayemi Street in 
Imo area of  Ilesha intercepted a major or regional 
fracture/faulted zone.

CONCLUSION
Although, it is generally believed that the 
groundwater potential of  Ilesha is generally very 
poor to poor, this study showed that boreholes 
with high to very high yield could be located 
within the area provided the boreholes are sited 
based on appropriate hydrogeophysical 
investigation results.
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