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Abstract:  

A geophysical study using the Vertical Electrical Soundings (VES) techniques has been used to 

investigate the subsurface layering in Owerri, SouthEast, part of the Anambra Basin (Benin 

Formation) in order to determine the vulnerability of Groundwater to pollution in this region.   

The results of the interpreted VES data suggest that the layering in the region range from five to 

seven layers.  The geologic sections derived from the analyzed geoelectric section suggest that 

the top soil deposits of sand, sandy clay and clay constitute the aquifer found in this sedimentary 

region.  Furthermore, the results of the interpretation of the VES data indicate that the thickness 

values of the aquifer vary from 85m to 180m.  The geoelectric section generated also suggest 

that the resistivity values of the aquifer components range from 1500m to 5000m.  The grain 

size analysis has shown that the porosity values ranges from 15 to 27%, while the permeability 

values lie between 20 to 50 Darcy.  These high value permit the infiltration and contamination 

of the aquifer system with solid waste and other environmental hazards, thereby making the 

aquifer vulnerable to pollution. 
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Introduction 

Groundwater resources have been under rapidly increasing stress in large parts of the world due 

to pollution. Pollution can be caused by industrialization and urbanization.  This in turn affects 

surface water sources like streams and rivers and even irrigated agriculture and attendant impact 

on the ecosystem and groundwater.  The surface water sources are prone to contamination by 

human beings and aniamls with solid wastes and other contaminants.  The wastes, a direct 

consonance of human activities are considered to be of no furhter use to the owner are discarded 

into the rivers or open dumps and landfills. 

 

In Owerri Municipality, solid wastes are mostly deposited into open dumps and landfills.  This 

is because landfills are the simplest, cheapest and most effective method of disposing wastes.  

The landfills are poorly conceptualized in design with no adequate engineered systems to 

contain landfill emissions.  They are indiscriminantely sited within the municipality without 

regard to the nature of soil, hydrogeology and proximity to living quarters.  The most dominant 
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waste in the study area mainly decomposing household, municipal and hazardous (toxic) 

industrial wastes (Nwachukwu et al, 2010a). 

 

The importance of investigating the vulnerability of the aquifer source pollutants due to solid 

waste landfill is eminent to the vulnerability of portable water resources for both present and 

future generations.  The concept of aquifer vulnerability derives from assumption that the 

physical environment may provide some degree of protection of ground water against human 

impacts especially with regards to pollutants entering the subsurface.  Aquifer vulnerability, 

thus combines the hydraulic inacessibility of the saturated zone to the penetation of the 

pollutants with the alternation capacity of strata overlying the saturation zone. 

 

The electrical resistivity method is a unique geophysical tool used in groundwater and landfill 

studies.  The method is used for electrical sounding and imaging.  The electrical sounding 

provides information about vertical changes in subsurface electrical properties and thus, it is 

useful in the determination of hydrogeologic conditions such as depth to water table, depth to 

bedrock and thickness of soil.  The electrical resistivity imaging maps groundwater contaminant 

leachate plumes, contaminants source, migration paths and depths.  The measurements are used 

to estimate the parameters from the resistivity and thickness of the layers and hence the 

hydraulic conductivities and transmissivities used in evaluating the vulnerability of the aquifer 

to surface contaminatns.  This study is driven by the desire to investigate the geologic structure 

of a typical Benin Formation aquifer with a view to assessing the pollutant risk of the aquifers to 

the seepage of contaminants near solid waste landfills in the municipality.  This is necessary as 

the inhabitants in the study area depend on groundwater for their supply needs. 

 

Physiography, Geomorphology, Geology and Hydrogeology 

Physiography and Geomorphology 

The project area lies within the Pleistocene – Pliocene (Benin Formation), in the Southeastern 

part of Nigeria.  It is situated between latitudes 5
0
22’N and 5

0
30’N and longitudes 7

9
01’E and 

7
0
06’E (figure. 1). It covers an area of about 4km

2
 and is located within Owerri North L.G.A., 

Owerri Weest L.G.A and Owerri Municipal Council. 

 

The dominant topographic feature is the undulating ridges and flat land, with Otamiri River 

flowing from N-S and Nwaorie River N-E directions between the hills.  The undulating hill are 

underlain by a succession of the unconsolidated sandstone and their clay unit, which belong to 

the Benin Formation trending N/S direction and have average elevation of 100m above sea 

level.  Further South the rideges are given away to nearly flat topography of about 68m above 

sea level.  The vegetation is of the tropical rain forest type and has a characteristic mean and 

annual temperature of 30
o
c and mean annual rainfall of about 500mm. 

 

Geology and Hydrogeology 
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The study area is a typical of the Benin Formation classified as coastal plain sands.  It consists 

of highly massive porous and permeable fresh water bearing sand stones with minor 

intercalations.  The formation is generally water bearing and hence it is the main source of 

portable groundwater in the municipality.  The aquifers are recharged mainly by surface 

precipitation and nearby drainages sediments deposition and groundwater flow are generally in 

the NW-SE trend, in line with the regional trend of the basin.  The Benin Formation varies in 

thickness with average of 7000m (Nwankwo and Anyaogu, 2000).  The unconsolidated sasnds 

and interfingering clays have given rise to systems of aquifers (Uma and Egboka, 1985).  The 

Benin Formation has about 70% to 90% sandstone with minor intercalation of shale in some 

places.   The Benin Formation is the deltaic alluvium composed mainly of coarse grained, 

pebbly sorted and certain lenses of fine grained sands (Short and Stauble, 1967; Kogbe, 1978). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 1: SIMPLIFIED MAP OF NIGERIA SHOWING OWERRI AND ITS ENVIRONS 

VES Data Collection And Interpretation 

Collection of VES Data 

A total of ten (10) Vertical Electrical Soundings (VES) data using schlumberger array were 

carreid out at designated dump sites (fig. 1).  The VES data were collected for quantitative 

analyses in order to basically determine the subsurface layering, thickness of the surface layers, 

thickness of the aquiferous or saturated ground water layer beneath each of the studied VES 

sites. 

 

Interpreting the VES Data 

The sets of VES data collected at each site were plotted to obtain the apparent resistivity, ρi 

against half the curent electrude spacing, AB/2 on a bi-logarithmic graph sheet, as resistivity, Pa 
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field curve.  The field curves were interpreted using the conventional curve matching technique 

(Keller and Frischnecht, 1966) and emperical method (Zohdy, Eaton and Mabey (1974), Dagara 

(1998), as well as computer modelling which make use of interactive program written and 

published by Mooney (1980).  Fig. 3 shows the results of the interpreation of the VES data 

collected from the sites.  The shapes of the curves suggest six to seven geoelectric layers of 

various lithologies sampled. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIG. 2:  GEOLOGICAL MAP OF OWERRI 
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Geoelectric Sections 

These sections were drawn to give a better understanding of the geological components of the 

aquifers beneath each VES site and determine the possible hydrogeophysical parameters of 

thickness and resistivity characterizing each aquifer.  The resistivities of the first layers range 

from 38m at Ihiagwa to 8900m at Nekede and the thickness is 0.5m at Avu to 1.2m at 

Ihiagwa and 1.3m at Prefab respectively.  The resistivity of these top soils indicate clayey to 

sandy soil types.  The resistivity values and the respective thickness of the second layers range 

from 550m, clay of 2.6m thick, 30m at Avu, 3090m, sands of 1.0m thick, 1.3m at Prefab, 

161m, clay of 5.9m thick, 6.5m at Port Harcourt Road, 88m, clay 1.1 in thickness 1.3m at 

Fig 3(b) NEKEDE 

Fig. 3(a) ONITSHA ROAD 

Fig. 3(c) PREFAB, OWERRI 
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Egbu, 13100m dry sand, 2.7m at Onitsha Road, 790m, clay 7.2m at Nekede, 664m, 5.2m 

at Agbala, 15500m, 2.9m at Naze, 218m, 6.7m at Ihiagwa and 97m, 2.5m at Ogbo-osisi, 

Aba Road.  These values indicate sands at Avu, Onitsha Road and Naze and clay to sandy clay 

in other areas.  At Avu site the third to the sixth layers have high resistivity values of 2040m 

and 4730m and terminate at 125m.  The values at Prefab are high from the fourth layer 

2.9.6m, 18500m to the sixth layer 67.1m, 2220m.  Along Port Harcourrt Road high 

resistivity values of 2950m at 36.3m to the sixth layer of 2620m at depth of 182m.  It is 

similar at Egbu where the third layer is 1730m at 20.9m to the sixth layer of  

 

1100m at 142m.  The resistivity values at Onitsha Road are high from top soil, the first layer 

to the sixth layer, 1790m at 219m.  The resistivity values at Nekede are low especiall at the 

third layer of 27.2m up to the fourth layer of 346m to a depth of 51m. Then high value of 

2500m which continues.  At Agbala the third to the sixth layer have high values of 6740m at 

23.5m to 44800m at 60.3m and 3810m at 118m with intercepted Low Value of 880m of 

clay at 47.4m thick that extends to 76.8m and the higher resistivity values of 63100m gravely 

sand which continues.  The Ihiagwa dumpsite has high resistivity values from the third layer of 

1540m, sands at 6.03m to the fifth layer of 1000m at 102m.  The resistivity values at Ogbo-

osisi at Aba Road shows that high resistivity value of 3460m occurred at 29.7m to 98.6m 

indicating sands that terminated at 98.6m 

 

The various VES curves can be characterized by grouping them into the appropriate curve types 

that are similar to the geologic sections.  The curve types are Ak, KK, HK, KH and K types.  

The VES at Avu has an AK-curve type with geologic sections of clay from 0 to 3.0m, sands that 

extends to 125m and then underlain by clay.  The curve type at Prefab owerri is a KK type 

which indicates a think clayey topsoil of 0.3m, sandy unit of 1.0m followed by clay of 8.6m and 

then sands of 57.2m and clasy that continues.  The VES at Port Harcourt Road with HK curve 

type has lithology of clayey sand, clay to a depth of 6.5m, then sand which exxtends to 182m 

underlain by clay.  At Egbu with AK type, the first layer is clayey then sands that extends to 

142m over the clay that follows.  Onitsha Road curve type is KK meaning a slty unit of 0.7m 

followed by dry sands of 1.0m thickness over silt of 5.4m thickness with sands up to 210.9m 

and underlain by clay at 219m.  At Nekede with KH curve type, the geologic units are as 

follows; clay of sandy clay, clay and sands that starts at 51.0m. At Agbala and Ogbo-osisi with 

HK curve types, the first layer of sand at Agbala is 1.9m thick and a clayey unit of about 1.0m 

thickness, the second layer at Agbala is clay and then sands that starts at 23.5m which is 112.8m 

thick and underlain by clay at 118m. While at Ogbo-osisi the third layer is sands of 68.9m 

thickness which is clay and starts at 98.6m.  Then at Naze with a KH curve type, it has  sands as 

the top soil with dry sand and sands that extend to 29.4m followed by sandyclay of 47.4m 

thickness and another sandy unit that starts at 76.8m.  The VES at Ihiagwa is a K-type with the 

first layer being clayey up to 6.7m and then sands/silt that extends to 102m and underlain by 

clay. 
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These sections were derived to understand the geological components of the aquifers beneath 

each VES site, thereby charcterising the aquifers.  Thickness and resistivity values give good 

knowledge and understanding for the geological Formations below.  (Shemag, 1993), Ajayi and 

Hassan (1990) and Idonighie and Olorunfemi (1992), and Selemo, Okereke and Nwankwo 

(1995) also interpreted electrical resistivity data using the generalized geological information 

obtained for the areas. 
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FIG. 4(a):  TYPICAL GEOELECTRIC SECTION (UNCONFINED AQUIFER), ONITSHA ROAD OF THE VES  

    SPOTS WITHIN THE STUDY AREA 

 

 

 

 

GROUND SURFACE 

 

       SDCL  

 

       CL 

 

    DEPTH 

       (m) 

 

 

        CL           LEGEND 

 

-                        TOP SOIL 

                            50 

SDCL  SANDY CLAY 

 
 

     CL  CLAY 

 

 

 

                    50  SD  SAND 

 

             100 

      

 

 

 

 

 

 

  15 

 

 

 

 

 

FIG. 4(b):  TYPICAL GEOELECTRIC SECTION (SEMICONFINED AQUIFER) NEKEDE OF THE VES SPOT  

   WITHIN THE STUDY AREA 

 

 

Figures 4(a). . . .(d) show typical geoelectric sections obtained from the interpreted VES data.  

The analyses of the pairs of the sections obtained suggest that the storage elements for 

groundwater in Owerri are mostly recent to Tertiary Deposits of Benin Formation comprising 

lateritic top soil, gravely sands, sandy clay and clays.  The result of this work reveal that Avu, 
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Onitsha Road, Naze, Ihiagwa and Egbu have unconfined  aquifer systems of 35m to 183m 

thickness.  Port Harcourt Road, Nekede and Agbala have semiconfined aquifer system because 

of thin layers of clay of 3.3m to 5.9m thickness while Prefab and Ogbosisi areas have confined 

aquifer systems.  The lay is not thick and extensive  and again due to the dead organic matters 

decomposing on top of the sands.  The area is highly porous and permeable which are greater 

pointers of high concentration of contaminants.  Again, the saturation zone is from 35m at 

Onitsha Road, 27m at Avu and 30m around Ogbo-osisi, Aba Roadd.  This allows the 

functioning of shallow boreholes around the locality.  
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FIG. 4(c):  TYPICAL GEOELECTRIC SECTION (PREFAB) OF THE VES SPOT WITHIN THE STUDY AREA 

 

 In order to have an insight to the groundwater potentials of the study area and its vulnearability, 

a resistivity map (fig. 5) was produced from the interpreted VES data results of this work.  The 

map is preliminary deductions for any future detailed work or projects.  The resistivity value of 

the aquifers at each VES site location was plotted and contoured using a computer software to 

enhance the aquifer map of the  qred. It also helps to delineate the aquiferous zones and aquifer 

thickness to various  locations.  The high resistivity value associated with the aquifers is 
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possibly due to presence of loose sands and gravely formations which correspond to the local 

geology of the area (Biwater Shellabear, 1985).  On the other hand, the less than 1000m or 

how resistivity show the water table of the arealie between 67m around Prefab to 219 to 220m 

at Onitsha Road.  The aquifer thickness is high and range from 120m to 170m around onitsha 

road.  This means that the area is saturated with fresh water bearing horizons. 

 

 

Conclusion 

From the interpreted VES results around the study area, the lithologic deposits comprises dead 

organic matts topsoil, lateritic units, sands, gravely sands, clayey sands and clays. 

 

The thickness values of the aquifers vary from 35m to 183m.  The aquifer resistivity values 

range from 1000m to 5850m.  The preliminary deductions from the resistivity of the aquifer 

map produced for the study area suggest Prefab, Port Harcourt Road and Aba Road, have the 

best prospects of ground water but due to sandy nature from top to bottom (unconfined/semi 

unconfined aquifer). It is vulnerable to groundwater pollution. 

 

 LOCATION AQUIFER 

THICKNESS 

CURVE 

TYPE 

TOP 

OF WATER 

LEVEL 

BOTTOM 

OF 

WATER 

TABLE 

CHARACTERISTICS GEOLOGIC 

SECTION 

1. AVU  98.1 AK 26.9 125 P1 < P2 < P3 < P4 CL, SD, SD, 

CL 

 

2. PREFAB  21.3 Kk 45.8 67.1 P1 <  P2 > P3 < P4 > P5  CL, SD, CL, 

SD, CL 

 

3. PH, RD  145.7 HK 36.3 18.2 P1 > P2 < P3 > P4 SD, CL, SD, 

CL 

 

4. EGBU 81.1 AK 60.9 14.2 P1 < P2 < P3 > P4 CL, SD, SD, 

CL 

 

5. ONITSHA 

RD  

183.1 KK 35.9 219 P1 < P2 > P3 < P4 > P5 SL, DSD, 

SL, SD, CL 

 

6. NEKEDEE  >51 KH 51. >51.0 P1 < P2 > P3 < P4 CL, SDCL, 

CL, SD 

 

7. AGBALA  35.7 Hk 82.3 118 P1 >  P2 < P3 > P4 SD,CL,SD,C

L 

 

8. NAZE  35.2 KH 76.8 >112 P1 < P2 > P3 < P4 SD, SD, CL, 

SD 
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9. IHIAGWA  41.7 K 60.3 102 P1 < P2 > P3 CL, SD, CL 

 

10. ABA RD 

OGBO-

OSISI  

68.9 HK 29.7 98.6 P1 > P2 > P3 P4 CL, CL, SD, 

CL 
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