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 Abstract 

 The aim of the study is to investigate the hydrogeological potential of river Ogun flood 

plain, Ikorodu, a sedimentary area in southwest Nigeria located between longitude 

3o30′and 3o45′E, and latitude 6o30′and 6o45′N. This was accomplished by the interpreta-

tion of apparent resistivity curves obtained from electrical resistivity method using 

Schlumberger electrode configuration and physico-chemical analysis of the water samples. 

The results corroborated with the lithological correlation of the apparent resistivity section 

reveal that the HA-type apparent resistivity sounding curves obtained has a geoelectrical 

section comprises well graded silt top soil of resistivity 13 to 192 Ωm and of average 

thickness 0.69m. The less resistive second layer (ρ < 5 Ωm) is constituted probably by 

clayey material of the coastal plain sand unit and 22.90m to 31.30m thick. It indicates the 

presence of conductive sedimentary section saturated with salt-water as exemplified by 

high conductivity (122 mhos) and salinity (60mg/l) of the water sample. The saprolite zone 

is constituted by grayish fine sand with intercalations of grayish clay of resistivity 35 to 

59Ωm. The resistivity of the fourth layer, ranged from 350 to 400 Ωm and falls within the 

shale and limestone resistivity range (300-500Ωm). Hydrogeologically, the zone of aera-

tion which is 42.30-78.00m thick comprising alluvial and coastal plain sand aquifer units 
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and overlying conductive sedimentary rock could support productive water bore hole. 

However, the salinity of the water saturation zone as well as the tendency of the sedimen-

tary rock being a fresh-water aquifer could result to a fresh-saline water interface.  

Keywords: Salt-water, Floodplain, Coastal Plains Sands, Fresh-saline water interface, 

Sedimentary terrain 

 

Introduction 

Electrical resistivity methods employ a phenomenon which makes possible, the differentia-

tion between types of earth materials the resistivity of which are closely related to the 

moisture content and its chemical characteristics. It therefore plays a major role in mineral 

resources exploration and in environmental and geotechnical investigations such as map-

ping of overburden, faults, fractures, salt water intrusions, contaminant plumes and waste 

dumps (Chunduru et. al., 1996). Other applications include spatial delineation in ground-

water contamination studies (Buselli and Kanglin, 2001; Olayinka and Olayiwola, 2001); 

hydraulic conductivity field characterization (Dam et al., 2000) based on site-specific rela-

tion between hydraulic conductivity and electrical resistivity (e.g. Cassiani and Medina, 

1997); and in petrophysical study by resistivity mapping (e.g. Shevnin et al., 2006). Its ap-

plication in groundwater exploration has been fully established both in basement areas 

(Dan-Hassan and Olorunfemi, 1999; Omosuyi, 2010) and in unconsolidated formation 

(Gomez and Fuentes, 2010). This is accomplished by the interpretation of the apparent re-

sistivity curves obtained from surface measurements of apparent resistivity using vertical 

electrical sounding (VES) technique. These curves could be of different forms such as Q-

type (ρ1>ρ2>ρ3), A-type (ρ1<ρ2<ρ3), H-type (ρ1>ρ2<ρ3) and K-type (ρ1<ρ2>ρ3) for a 3-
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layer section or their mixture for a section having more than three layers. The nomencla-

ture is dependent of the relationship between the resistivity of the layers that constitute the 

section starting from the first layer (Sharma, 1997). 

In H, A, KH (ρ1<ρ2>ρ3<ρ4), HA (ρ1>ρ2<ρ3<ρ4) and other related type sections, the ter-

minal branch in the bedrock unit on the apparent resistivity curve often rises at an angle of 

45o (Zohdy et al., 1974; Olayinka et al., 2000). This indicates igneous or metamorphic 

rocks of very high resistivity (ρ>1000 Ω m) if the bedrock is fresh, and low resistivity 

(ρ<1000 Ω m) if the bedrock is fractured (Badmus and Olatinsu, 2010; Adabanija et al., 

2008). The objective of this research is to investigate the hydrogeological potential of river 

Ogun flood plain, Ikorodu, a sedimentary area in southwest Nigeria. 

 

Location and Geology of the study area 

The area of study is located in the sedimentary terrain of Lagos state between longitude 

3o30′and 3o45′E, and latitude 6o30′and 6o45′N (Figure 1) and at an altitude of above 6.40m 

above sea level (Figure 2). It is concealed within the coastal plains sands stratigraphic unit 

of Dahomey basin (Figure 3) which is an arcuate coastal basin underlying the on-shore 

parts of Togo, Benin and the southwestern Nigeria. The basin is separated from the Benue 

trough by a basement ridge, the Okitipupa ridge a paleographic high. It is bounded in the 

east by Benin hinge line, a major regional fault structure marking the western limit of the 

delta basin (Adegoke, 1969). The regional fault consists of horst and grabens (Omatsola 

and Adegoke, 1981) and confirmed by gravity and aeromagnetic studies (e.g. Nur et. al., 

1994). The stratigraphy of Dahomey basin is as depicted in Table 1. It consists of six dif-
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ferent formations (Figure 4) namely: Abeokuta,  Ewekoro, Akinbo, Oshosun, Ilaro and 

Coastal Plain Sands Formation. 

Abeokuta formation is the oldest sedimentary unit in the Dahomey basin and it is uncon-

formably on the basement complex of south western Nigeria (Figure 4). It consists of lower 

cretaceous, coarsely grained, poorly sorted micaceous sandstone with interbedded mud-

stone conformably overlying the basement complex and it is overlain by finer detrital sand-

stones, siltstones and shale that are transitional in nature. It thickens towards the west and 

dips at an angle of 1o towards the coast. The formation has an average thickness of 200m. 

It is about 244m thick at the Nigerian-Dahomey border but just about 183m around Abeo-

kuta, southwest Nigeria. Omatsola and Adegoke (1981) further divided this formation into 

three members viz: Ise, Afowo and Araromi members (Table 1).  

Ewekoro formation overlies conformably the Abeokuta Formation (Figure 4) and it con-

sists predominantly of limestone. The limestone body is fossiliferrous consisting of closely 

inter bedded bands and lenses of shelly limestone but became arenaceous (sandy) towards 

the base where it grades into Abeokuta formation. The age is Eocene. 

Akinbo formation conformably overlies the Ewekoro Formation. It consists of well-

laminated greenish-grey and black shale which is Palaoecene-Eocene in age. The type sec-

tion varies in thickness between 7 and 14m of black- grey shales with minor intercalations 

of thin and sometimes inconsistent marly limestone nodules. The shale becomes more silty 

and sandy as it grades into the overlying Oshosun Formation. 

The Oshosun Formation overlies the Akinbo Formation. It is composed of green, greenish-

grey or beige clay and shale with inter-beds of sand. The shale is usually laminated and 

glauconitic. The basal portion of this formation is sand and sandy facies. It exhibits signifi-
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cant lateral and lithologic variation. The presence of fauna such as corals, crinoids, mol-

lusks, planktonic foraminifera within the Formation suggests marine environment of for-

mation. The age is Eocene. 

Ilaro Formation overlies the Oshosun Formation. It consists dominantly of marine, yellow-

ish, poorly consolidated limestone with developed mottles of red and brown weathered sur-

faces. The contact is placed at the top of the first major sandy bed of Oshosun Formation. 

The age of this formation is Middle-Upper Eocene. 

Coastal Plain Sands Formation is the youngest unit in the Eastern Dahomey basin. It con-

sists of soft, very poorly sorted clayey sands, sandy clays which are pinkish-red and 

brownish in colour due to weathering. This formation lacks fossils but contains plant re-

mains which have been used to date the Formation. The age of this formation ranges from 

Oligocene to Recent and its thickness ranges from 10 to 100m. 

 

 Locally, the information on the geology of the area could not be established by visual in-

vestigation due to rarity of outcrops of the strata. Nonetheless, based on the geological map 

of Lagos area and the bore hole lithology (Figure 5), the study area consists of coastal plain 

sands constituted by pebbly sands, sandy clays and lignites of mainly recent quaternary al-

luvium overlain Ilaro formation. 

 

Materials and methods 

For the geophysical investigation, a total of eight vertical electrical soundings (VES) 

Schlumberger curves of maximum electrode spread of 200m were quantitatively interpret-

ed by partial curve matching technique (Orellana and Mooney, 1966) and computer itera-
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tion using a resistivity software, resist version 1.0 developed by Velpen (1988). The slopes 

of the terminal branch of the apparent resistivity curves were determined by the intercept of 

the extension of the S-line with the horizontal line at apparent resistivity (ρa) equals 1 Ω m 

(Zohdy et al., 1974; Olayinka et al., 2000). The total longitudinal conductance S was de-

termined explicitly using the expression 

∑
=

=
1-n

1  i i

ih  S
ρ

  

Where n is the number of layers, hi is the thickness of layer i and ρi is the resistivity of 

layer i. Typical HA apparent resistivity curve obtained from the area is as shown in Figure 

6. 

For the hydrogeological investigation, available borehole information (lithological logs) 

was used for subsurface geological sequence delineation and aquifer type identification. 

Physico-chemical analysis of the water sample from the borehole in the area was also car-

ried out. The significance of this analysis is to enhance effective geophysical interpretation 

and ascertain the quality of water in the area. 

 

Results and Discussion 

The layering parameters, resistivity and thickness of the layers; the geoelectrical parame-

ters, longitudinal conductance; the overburden thickness; and the slope of the rising portion 

(S-line) of the apparent resistivity curves inferred from the interpretation are as on Table 2. 

The resistivity of the topsoil mostly silt, range from 13 Ωm to 192 Ωm and it is relatively 

thin (0.55 - 0.90m). The second layer probably made up of clayey material and of thickness 
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22.90-31.30 m is less resistive (ρ< 5 Ωm). The transition zone, mainly constituted by grey-

ish fine grained sand with intercalation of lenses of greyish clay, as evidenced in the litho-

logic correlation of the compressed borehole lithologic log and the apparent resistivity sec-

tion shown in Figure 7, has resistivity ranging from 35 Ωm to 59 Ωm. The fourth layer has 

resistivity ranged between 350 Ωm and 400.0 Ωm, probably occupied by sedimentary rock. 

However, due to the less resistive second layer, the water table could be saturated with salt-

water. This could henceforth make the sedimentary rock saturated with salt-water and 

therefore conductive. Under this condition, the sedimentary rock is referred to as 'electric-

basement' (Zohdy et al; 1974, p.35). In some sedimentary area, the rock could be lime-

stones or sandstones having reistivities of only 200-500 Ωm (Zohdy et al; 1974, p.35). 

However, in the present study, it could be shale or limestone as evidenced by the lithologic 

correlation of the borehole lithology and the apparent resistivity section (Figure 7). The 

curves therefore exhibit geoelectrical characteristics associated with sedimentary terrain as 

established by Zohdy et al. (1974). The rising portion of the curve indicated by S-line in 

Figure 6 inclined at an angle less than 45o. This is a clear departure from the expected an-

gle of rising portion, approximately 45o (Olayinka et al., 2000) of a similar geoelectric sec-

tion in a crystalline terrain.  

The hydro-geological potential of the area is appraised in terms of the material that consti-

tutes the aquifer. The work of Kampsax-Kruger and Schwed Associates (1977) on hydro-

geology of Lagos state identified four major aquifers horizon: first, second and third aqui-

fers called collectively upper aquifers which are abound in the alluvium and coastal plains 

sands formation, and the fourth aquifer; the lower aquifer in Abeokuta formation.  
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In the present study, the major aquifers identified in this part of Lagos state and corrobo-

rated by the lithologic correlation in Figure 7 and generalised stratigraphic section in Fig-

ure 4 are located in alluvial deposits, Coastal Plain Sands (CPS) and Ilaro formation aqui-

fer unit. The former is unconfined consisting of greyish fine grained sand intercalated by 

lenses of greyish clay and extends to the topsoil where it occurs as well graded silts, laid 

down on flood plains. It occupies a total depth of about 102m. The second aquifer horizon 

comprises greyish medium to coarse sand underlain by impervious fossiliferrous pale gray 

clay, fossilied grey shale and black Lignite. It extends from the coastal plain sands unit to 

the Ilaro formation and occupies a depth of about 528m. The aquifers are of upper, middle 

and lower aquifer class corresponding to Quaternary, tertiary and cretaceous age respec-

tively (Table 3). By virtue of the composition of the second aquifer horizon, the fourth lay-

er of the apparent resistivity section could probably be shale extending to the infinitesimal 

part of upper Ewekoro formation where it occurs as limestone. Lending credence to this is 

the fact that both shale and limestone has resistivity ranging from 300-500 Ωm and is a pe-

culiar geoelectrical feature of a typical conductive basement (Zohdy et al., 1974). This is as 

revealed by the resistivity of the bottom layer (Table 2) which ranged from 350-400 Ωm. 

The groundwater potential of the area is enhanced by highly permeable sandy clay which 

overlain the confined 'electric basement', thick zone of aeration (42.30-78.00m) as evi-

denced in Table 2 and conductive sedimentary rock that occupies the fourth layer are fa-

vourable for groundwater recharge. However, the water could be saline because of the re-

sistivity of the second layer that is less than 5 Ωm as supported by high conductivity (122 

mhos) and high salinity (60mg/l) in physico-chemical analysis of water sample from the 

area (Table 4). This is a further confirmation of Oterie and Atolagbe (2003); and Oyedele 
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and Momoh (2009) of the occurrence of salt-water intrusion into the coastal plains sands of 

Lagos state. Consequently, the tendency of the sedimentary rock being a fresh water aqui-

fer can not be over ruled, thereby leading to the establishment of fresh-saline water inter-

face, probably at the saprolite zone. This is recommended for further research using Time 

Domain Electromagnetic (TDEM) geophysical method. This is based on its proven and ef-

ficient ability (e.g. Kafri et al., 1997; Yechieli et al., 1998, 2001) in delineating the config-

uration of inter related fresh-water and saline bodies and the interface between them. This 

would strongly enhance the remediation process. 

 
Conclusion 
The hydrogeological potential of river Ogun flood plain, a sedimentary terrain in Ikorodu, 

southwestern Nigeria has been investigated. The apparent resistivity curves obtained indi-

cated geoelectrical succession comprising top-soil mostly silt; a less resistive second layer 

(ρ<5 Ωm); a saprolite zone of resistivity ranged between 35 Ωm and 59 Ωm; and the fourth 

layer constituted by a conductive sedimentary rock, probably shale of resistivity 350.0 - 

400.0 Ω m. The rising portion of the apparent resistivity curves inclined at an angle less 

than 45o, a clear departure from a similar geoelectrical section usually obtained in crystal-

line terrain. Hydrogeologically, the thick zone of aeration (42.3 – 78.0 m), highly permea-

ble aquifer unit and conductive sedimentary basal rock are good hydrogeological indicators 

which could enhance groundwater recharge for high well yield, but the salinity of the water 

saturation zone could be a draw-back.   
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Table 1. The Stratigraphy of the Dahomey Basin 

  Jones and Hockey 

1964 

Omatsola and 

Adegoke 1981 

Quaternary Recent Oligocene to 

Pleistocene 

Alluvium Coastal 

Plains Sands (CPS) 

Alluvium Coastal 

Plains Sands (CPS) 

Tertiary Eocene 

Paleocene- Lower Eo-

cene 

Ilaro formation 

Ewekoro formation 

Ilaro formation 

Oshosun formation 

Akinbo formation 

Ewekoro formation 

Cretaceous Cretaceous Abeokuta formation Araromi formation 

Aofowo formation 

Ise formation 

Pre-Cambrian Pre-Cambrian Basement complex Basement complex 
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Table 2. Layering and Geoelectrical parameters 

Stations Layers Resistivi-
ty* (Ω m) 

Thickness 
(m) 

Depth to 
Bedrock 

(m) 

Longitudinal 
Conductance 

(mhos) 

S-line 
Slope 

KRD01 1 189 0.90    
 2 3 23.40    
 3 35 18.00 42.30 7.652 38.0o 
 4 356 -    

KRD02 1 13 0.70    
 2 3 31.30    
 3 45 46.00 78.00 10.501 43.0o 
 4 363 -    

KRD03 1 154 0.60         

 2 3 22.90    
 3 53 20.80 44.30 7.800 36.5o 
 4 483 -    

KRD04 1 192 0.55    
 2 3 23.40    
 3 59 20.30 44.25 7.660 37.5o 
 4 350 -    

KRD05 1 176 0.65    
 2 3 23.10    
 3 46 18.50 42.25 7.626 38.0o 
 4 380 -    

KRD06 1 39 0.58    
 2 4 26.80    
 3 37 31.30 58.68 7.556 38.0o 
 4 395 -    

KRD07 1 43 0.90    
 2 4 28.00    
 3 38 36.20 65.10 7.633 38.0o 
 4 366 

 
-    

KRD08 1 38 0.60    
 2 4 28.90    
 3 37 37.00 66.50 8.432 38.0o 
 4 400.0 -    
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*The resistivity of the layers indicate the first layer is top soil, mostly silt and wet; the 

second layer is probably saturated clayey soil; the third layer is admixture of sand/clayey 

sand; and the last layer as the “electric basement” probably Shale or Limestone. 

 

 

Table 3. Delineation of aquifers in Lagos state 

Formation Age Kampsax\Schwed 

Alluvium 

 Coastal Plain Sands (CPS) 

Quaternary 1st, 2nd, 3rd 

Ilaro-Ewekoro Tertiary  

Abeokuta Cretaceous 4th 
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Table 4. Results of Physico-chemical analysis of water sample  

Temperature Water 27oc 

Temperature Air 28oc 

Appearance Clear 

Colour (Alpha Platinum Cobalt standard) 10 

Turbidity 3 FTU 

Conductivity at 25oc 122 mhos 

Acidity (CC of 5% Na2CO3 of 100cm3 

sample) 

2.1 

pH 5.1 

Total Alkalinity as CaCO3 23 mg/l 

Total Hardness as CaCO3 9 mg/l 

Calcium Hardness as CaCO3 6 mg/l 

Magnesium Hardness as CaCO3 3 mg/l 

Free Carbon Dioxide (CO2) 24 mg/l 

Iron (Fe) 1.8 mg/l 

Manganese (Mn) NIL 

Chlorides (Cl-) 14.9 

Sulphates (SO4
2-) NIL 

Nitrates (NO3
-) NIL 

Phosphates (PO4
3-) NIL 

Nitrites (NO2
-) NIL 

Dissolved Oxygen - 

Salinity 60 mg/l 
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