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ABSTRACT 

Geophysical investigation involving the magnetic and electrical resistivity methods have been employed 

in the study of the Issele-Mkpitime Lake in Delta State Nigeria, with a view at unraveling the subsurface 

geology of the area, thus leading to the delineation of weak zones that could act as migration pathways of 

groundwater recharging the lake. Ground magnetic measurements were taken at interval of 10 m along 

seven profile lines of length ranging from 180 – 260 m trending in the East-West (E-W) direction and 

perpendicular to the geologic strike and to the lake. The electrical resistivity method employed two arrays 

for this study, the 2-D profiling using the Wenner array and the vertical electrical sounding (VES) 

adopting the Schlumberger configuration. The magnetic plots show varying magnetic intensity with the 

magnetic high resulting from near surface materials such as crystalline rocks while the magnetic low are 

suspected to be due to the presence of fractures, cracks and contact between rocks. The plots along the 

seven profiles show a drop in the magnetic intensity towards the lake which is an indication of the 

presence of fractures or weak zones that will structurally control the flow of water and thereby leading to 

the recharging of the lake. Also, the continuous resistivity profiling and their corresponding 2-D 

resistivity structures show change in resistivity (from high to low) towards the Lake Mkpitime. The 

change in resistivity may correlate to structural features that are presently infilled, and this could assist in 

maintaining a tight seal to a depth of about 15 m, owing to the low permeability and low vertical 

hydraulic conductivity of clay to maintain water levels in the lake. 

Keywords: Subsidence, Continuous resistivity profiling, Unraveling, Issele -Mkpitime Lake, magnetic 

intensity, infill 

INTRODUCTION 

The study area is the Issele-Mkpitime Lake in 

Aniocha North Area of Delta State, Nigeria. The 

area is bounded by latitudes 0060 21I 02.1II N and 

0060 22I 23.1IIN, and longitudes 00.60 36 I 18 II E 

and 0060 36I 28.7II E (Figure 1). The topography is 

gentle with an elevation ranging between 199 m 

and 215 m, and about 216 m above sea level. There 

is no flowing river in the area (Chudi, 1994). Most 

of the inhabitants of the area engage in farming 

and hunting, and the lake serves as the source of 

water for irrigation and domestic purposes. The 

climate of the area lies within the humid tropical 

rainforest belt of eastern Nigeria with an average 

yearly rainfall of about 1100 - 1200 km.  

http://dx.doi.org/10.19240/njpas.2016.A20
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Fig 1: Map of Delta State (inset map of Nigeria) showing the study area 

The atmospheric temperature is as high as 

320C while the mean annual atmospheric 

pressure is about 1017± 1.1 m bars. The 

vegetation of Issele- Mkpitime lies within the 

tropical rainforest vegetation belt. The 

natural vegetation is the tropical forest, which 

has been reduced by human activities such as 

farming and denudation. The main ecological 

hazards experienced in the area include gully 

erosion and flooding. The soil is typically red 

to reddish brown loam sand and the drainage 

pattern is said to be dentritic. The stream and 

springs seen in the nearby villages are 

sourced from rocks that were overlain by clay 

stones interbedded by sandstones in some 

specified locations which include Iyi-Ocha 

stream, Ngene Spring, Adugbe stream 

amongst others, and have their migration 

channel through bamboo tree roots. 

The Issele- Mkpitime Lake (a large body of 

relatively still water surrounded by land) is a 

fresh water lake, covering a large expanse of 

land near the Igbodo border. The lake is 

believed to be full of water during the rainy 

season and to go almost completely dry in the 

dry season and thus, considered a 

'mysterious' pool. The application of 

geophysical methods for lake studies have 

been documented by several researchers 

(Komolafe et al., 2012; Reich et al., 2012; 

Gressando, 1999; Osazuwa and Chi Chi, 

2010). Therefore, this study seeks to unravel 

the subsurface geology of the area, thus 

leading to the delineation of weak zones that 

could act as migration pathways of 

groundwater recharging the lake using 

magnetic profiling and electrical resistivity 

methods. 

GEOLOGY OF THE STUDY 

AREA 

Issele-Mkpitime lies in the Southern Nigerian 

Sedimentary Basin Complex and falls within 

the southern limits of the Anambra Basin 

(Figure 2). In the Anambra Basin, the 

sedimentary fill is bounded at the base by the 
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Santonian (folding and uplift of the Abakaliki 

region and a westward translation of the 

depocenter towards the Anambra platform 

and Afikpo region) and at the top by the 

Eocene unconformities which marked the 

beginning of the Niger Delta progradation. 

The resulting succession comprises the 

Nkporo Group which ages back to the 

deposition of marine sediments from the Late 

Campanian-Early Maastrichtian and consist 

of Nkporo Shale, aranaceous facies of the 

Afikpo and Owelli Sandstone and Enugu 

Shale (Obi et al., 2001; Obi, 2006).  

Fig 2: Geologic map of the study area 

Overlying the Nkporo Group is the Mamu 

Formation (Lower Coal Measure) and Ajali 

Sandstone deposited in early Maastrichtian 

during the overall regression of the Nkporo 

Group with associated postgradation (Kogbe, 

1989). It consists of coal measure, mudstone 

and silt. The Ajali Formation which marks the 

height of the regression at a time when the 

coastline was still concave has been identified 

as the most important aquiferous Formation in 

the Anambra Basin. 

The Mamu Formation is overlain by 

diachronous, fluvial-deltaic Nsukka Formation 

and Imo Shale deposited during the Paleocene 

era in the up-dip Niger Delta Basin. It marks 

the onset of another transgression in the 

Paleocene. Regional correlation (Avbovbo, 

1978) shows that the Palaeocene succession 

can be mapped southward into the Niger Delta 

where the Imo Formation is equivalent to the 

hydrocarbon bearing Akata Formation. It 

consist of sand, clay, and some silt and is 

overlain by the regressive Ameki formation 

(also known as the Upper Coal measure) 

deposited during the Eocene regression which 

marked the beginning of the Niger Delta 

Issele - Azagba



M.O. Ofomola, F.I. Chinyem, R.E.                                 Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2, 2016)

Iserhien-Emekeme and M. Bawallah 

Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2): 2811-2823

Page | 2814 

progradation (Obi et al., 2001). The Ameki 

Formation consisting of clay and sandstone 

and limestone is equivalent to the reservoir-

containing Agbada Formation of the Niger 

Delta. The Oligocene-Miocene Ogwashi-

Asaba Formation overlays the Ameki 

Formation and consist of coarse-grained 

sandstone, clay and carbonaceous shale and is 

capped by the continental Benin formation 

(Miocene-recent) made up of coarse to 

medium sand, silt, and clay lenses (Jan et al., 

1978). Table 1 shows the geologic unit of the 

Anambra Basin. 

Table1: Geologic Unit of the Anambra Basin 

METHODOLOGY 

Integrated geophysical methods involving the 

magnetic prospecting and the electrical 

resistivity method was adopted. Ground 

magnetic geophysical exploration involves 

measurements of the direction, gradient, or 

intensity of the Earth’s magnetic field and 

interpretation of variation in these quantities 

over the areas of investigation (Sarma, 2014; 

Ojo, 2013).  It is a natural source method that 

responds principally to variations in magnetic 

susceptibility of rock types or minerals. 

However, the ground magnetic study is used 

for detail mapping in order to understand the 

subsurface geology of an area (Kayode, 2006). 

For this study, the total magnetic 

intensity/field readings from the ground 

magnetic profiles were measured using a 

Proton Precision Magnetometer (Geometrics 

856), while the survey direction and station 

locations were determined using the Garmin 

Global Positioning System (GPS) navigational 

equipment. Ground magnetic measurements 

were taken at interval of 10 m along seven 

profile lines (P1 - P7) of length ranging from 

180 – 260m trending in the East-West (E-W) 

direction and perpendicular to the geologic 

strike and to the lake (Figure 3). A control line 

cutting across the profiles was also 

established, where the magnetometer was 

been continuously returned to correct for 

diurnal variations of earth’s magnetic field 

Age Formation Lithology Basin

Miocene

_

Recent
Benin Formation

Coarse to medium

sand, silt and

clay lenses

Oligocene

_

Miocene
Ogwashi Formation

Clay, carbonaceous

shales and coarse

grained sandstone

Eocene Ameki Formation
(upper coal measure)

Sandstone, clay

and limestone

Paleocene

Imo Formation Shale

Nsukka Formation
Sand, clay, silt or

lignite, coals, 

limestone

Maastrichtain

Ajali Formation

Mamu Formation
(lower coal measure)

Sandstone and 

claystone/mudstone 

Coal with clasttic 

sediments

Campanian Nkporo Formation Shale, sandstone, clay

limestone, siltstone

ANAMBRA/AFIKPO

NIGER DELTA 

BASIN

BASIN
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and other sources of external interference 

(Kayode, 2006). 

The diurnal drift correction was made by 

repeat measurements at the base stations at 

frequent intervals, and the field data corrected 

by subtracting the variations at the base station 

The electrical resistivity method employed 

two arrays for this study, the 2-D profiling 

using the Wenner array and the vertical 

electrical sounding (VES) adopting the 

Schlumberger configuration. Measurements 

for the Wenner profiling were also taken along 

the established profiles at electrode spacing of 

10 m and the VES at stations close to the lake 

along the profile lines using the ABEM SAS 

1000 Terrameter. The results of the magnetic 

method involved plotting the relative magnetic 

intensity against station positions and the 

corresponding geomagnetic sections were 

generated using the Surfer 8 software. The 2D 

data set for the Wenner array were inverted 

for true subsurface resistivity using 

DIPROfWIN version 4.0 inversion software 

and the resulting estimated tomograms 

presented and interpreted accordingly. A total 

of seven (7) VES stations were occupied along 

the profiles lines in the study area and 

interpretation of the results is completely 

quantitative using the partial curve matching 

technique (Keller and Frischknecht, 1966), 

which involves segment by segment 

interpretation of the field curves moving from 

small to large electrode spacing. Results of 

this preliminary interpretation of the field 

curves, was used to produced geoelectric 

parameters needed for forward modeling with 

the Win RESIST version 1.0 (Vander Velpen, 

1988) for the computer iteration(s). 

Geoelectric parameters obtained from the 

iteration were used for the construction of 

geo-electric sections. 

Fig. 3: Location/Data Acquisition Map of the Study Area 
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RESULTS AND DISCUSSION 

After all diurnal drift corrections were made, 

the ground magnetic survey data was 

presented as profiles (Figures 4), with the 

relative magnetic readings expressed as total 

relative magnetic intensity plots along each 

profile lines against station positions. The 

plots showed varying magnetic intensity with 

the magnetic high resulting from near surface 

materials such as crystalline rocks while the 

magnetic low are suspected to be due to the 

presence of fractures, cracks and contact 

between rocks. The plots along the seven 

profiles showed a drop in the magnetic 

intensity towards the lake which is an 

indication of the presence of fractures or weak 

zones that could structurally control the flow 

of water and thereby leading to the recharging 

of the lake. 

Also, the magnetic intensity map of the study 

area (Figure 5) shows values ranging from 

33040 - 33144 nT.  Profile 3 has the lowest 

values which can be considered as the major 

migratory pathway for the recharging of the 

lake in the area. This is an indication that 

groundwater movement in the area is from W 

- E, which confirms the work of Akpoborie et 

al., (2011) for the flow direction of the first 

aquifer in Asaba area. 

Also, the results of the continuous resistivity 

profiling covering a total of about 1.4 km are 

shown in seven separate profiles with their 

corresponding 2-D resistivity structure 

(Figures 6-12). The change in resistivity (from 

high to low) towards the Lake Mkpitime is an 

indication of distinct features in the profiles as 

well as the 2-D sections that shows 

subsidence. The change in resistivity in these 

features may correlate to structural features 

that are presently infilled. These areas are 

typically known as ravel zones and represent 

areas where subsidence collapse in the deep 

subsurface has allowed for the downward 

movement of overlying sediments (Reich, et 

al., 2012). These ravel zones are typically 

represented by a decrease in resistivity (~50-

100 ohm-m) because of increased porosity 

(Dobecki and Upchurch, 2006). The blue 

coloration (low resistivity) may represent 

clayey units that are extensive, and this could 

assist in maintaining a tight seal to a depth of 

about 15 m, owing to the low permeability and 

low vertical hydraulic conductivity of clay to 

maintain water levels in the lake. 
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Fig 4: Plots of magnetic intensity against distance along the profiles 
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Fig 5: Magnetic intensity map of the study area 

Fig 6: 2-D Resistivity Profile and its corresponding Pseudosection along P1 
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Fig 7: 2-D Resistivity Profile and its corresponding Pseudosection along P2 

Fig 8: 2-D Resistivity Profile and its corresponding Pseudosection along P3 
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Fig 9: 2-D Resistivity Profile and its corresponding Pseudosection along P4  

Fig 10: 2-D Resistivity Profile and its corresponding Pseudosection along P5 

Fig 11: 2-D Resistivity Profile and its corresponding Pseudosection along P6 



M.O. Ofomola, F.I. Chinyem, R.E.                                 Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2, 2016)

Iserhien-Emekeme and M. Bawallah 

Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2): 2811-2823

Page | 2821 

Fig 12: 2-D Resistivity Profile and its corresponding Pseudosection along P7 

The geoelectric section generated from the 

vertical electrical sounding results (Figure 13) 

shows three basic layers, namely; the lateritic 

topsoil, clayey sand and the medium to coarse 

grained sand. The first layer with a thickness 

of about 1 m has resistivity ranging from 154 

to 1481 ohm-m. Underneath this is the second 

layer with resistivity and thickness ranging 

from 195 to 2081 ohm-m and 1.5 to 12 m 

respectively. The high resistivity values across 

the section in this layer depict a sandy 

formation, but Mejiedu (2014), described the 

layer to be made up of dry sand in comparison 

to borehole log in the area. 

Fig 13: Geoelectric section across the study area 
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The actual aquifer depth of about 85 to 125 m 

in the area was not encountered for this study 

(Mejeidu, 2014, Okolie, 2013, Iserhien-

Emekeme, 2014). However, the correlation of 

the low resistivity ranging between 60 to 350 

Ωm of the third layer cutting across all the 

VES stations, at a depth of about 20 m, and 

the drop in magnetic intensity from the 

magnetic profiles and sections is as a result of 

the presence of fractures or weak zones that 

could structurally control the flow of water 

and thereby leading to the recharging of the 

lake. Also, this is agreement with the results 

of the wenner profiles and the 2D resistivity 

structures. 

CONCLUSION 

Geophysical techniques involving magnetic 

and electrical resistivity methods have been 

effectively used to delineate the structural 

disposition of the Issele - Mkpitime Lake. The 

change in magnetic susceptibility and 

resistivity (from high to low) towards the Lake

is an indication of  distinct features in the 

profiles, maps, 2-D sections as well as the 

geoelectric section that shows subsidence. The 

change may correlate to structural features 

that are presently infill, and control the flow of 

water from the underground thereby leading to 

the recharging of the lake. The combined

resistivity and magnetic results are 

complementary, and show the existence of the

lake and the investigated structures that could 

lead to its recharge. 

CONFLICT OF INTEREST 

We have no conflict of interest concerning this 

article : Investigation of Issele-Mkpitime 

Lake, Southern Nigeria using Combined 

Magnetic Susceptibility and Electrical 

Resistivity Method in your journal. This 

article is not under any financial or academic 

obligation to any institution whatsoever. 

REFERENCES 

Akpoborie, I.A., Nfor, B., Etobro, A.A.I. and 

Odagwe, S. (2011). Aspects of the geology 

and groundwater conditions of Asaba, 

Nigeria. Archives of Applied Science 

Research, 3 (2):537-550 

Avbovbo, A.A. (1978). Tertiary 

lithostratigraphy of the Niger Delta. 

American Association of Petroleum 

Geologists Bulletin, 62:295-306. 

Chudi, O. (1994). Onicha-Ugbo Through the 

Centuries. Onicha-Ugbo Online Reference 

Encyclopaedia., Articles:  Web Accessed 

March 14th, 2014. 

Dobecki, T.L. and Upchurch, S.B. (2006). 

Geophysical applications to detect 

sinkholes and ground subsidence: The 

Leading Edge, 25(3):336-341. 

Gressendo, Y. (1999). Application of 

geophysical techniques for groundwater 

investigation in Lake Naivasha area 

Kenya. Unpublished M.Sc Thesis, 

International Institute for Aerospace 

Survey and Earth Sciences, Netherland . 

Iserhien-Emekeme, R. E. (2014). Vertical 

Electrical Sounding of Water-Bearing 

Sub-Surface of Issele-Azagba in Southern 

Nigeria. Natural Resources, 5:772-781. 

Jan Du Chene, R., Onyike, M.S. and Sowumi, 

M.A. (1978). Some New Eocene Pollen of 

the Ogwahi-Asaba Formation, 

Southeastern Nigeria. Revisital Espafiola 

de Micropaleontologia, 10:285-322. 

Kayode, J.S. (2006). Ground Magnetic Study 

of Southwestern Nigeria and its Geologic 

Implication. Unpublished Master of 

Technology Thesis, Federal University of 

Technology, Akure, Nigeria, 212. 

Keller, G.V. and Frischknecht, F.C. (1966). 

Electrical Models in Geophysical 



M.O. Ofomola, F.I. Chinyem, R.E.                                 Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2, 2016)

Iserhien-Emekeme and M. Bawallah 

Nig. J. Pure & Appl. Sci. Vol. 29 (Issue 2): 2811-2823

Page | 2823 

Prospecting.   Pergamon Press, Oxford. 

523. 

Kogbe, C.A. (1976). Paleogeographic History 

of Nigeria from Albian Times. In: Kogbe, 

C. A; Ed., Geology of Nigeria, 

Elizabethan Publishers, Lagos, 237-252. 

Komolafe, A. A., Kuria, Z. N., Woldai, T., 

Noomen, M. and Anifowose, A. Y. B. 

(2012). Integrated Remote Sensing and 

Geophysical Investigations of the 

Geodynamic Activities at Lake Magadi, 

Southern Kenyan Rift. International 

Journal of Geophysics Volume 2012, 

Article ID 318301, 15 pages.  

Mejeidu, F. C. (2014). Investigation of 

topographic variation on formation strata 

and groundwater distribution in parts of 

Aniocha-north and Oshimili-north LGAs 

using Schlumberger configuration. 

Unpublished M.Sc Thesis, Delta State 

University, Nigeria  

Obi, G. C. (2006). Depositional Environment 

of Ajali Sandstone – Anambra Basin, 

Southeastern Nigeria. Nigerian Mining 

Geology Journal,  6(3): 96 – 113 

Obi, G. C., Okoegbue, C. O. and Nwajide, C. 

S.  (2001). Evolution of the Enugu Cuesta; 

A Tectonically Driven Erosional Process, 

Global Journal Pure Applied Science, 7: 

321-330. 

Ojo, A.O. (2013). Geomagnetic and 

geoelectric investigation of mineral rocks 

at Awo, Osun state, southwest Nigeria. 

International Journal of Physical 

Research,1(2):60-74 

Okolie, E. C. (2013). Stratigraphic Mapping 

of subsurface structures and groundwater 

potentials from electrical resistivity 

soundings in Onocha Olona, Atuma Iga 

and Akwukwu-Igbo, Delta State Nigeria, 

International Journal of Water Resources 

and Environmental Engineering, 5(5):280 

– 288. 

Osazuwa, I. B. and Chii Chii, E. (2010). Two-

dimensional electrical resistivity survey 

aroundthe periphery of an artificial lake in 

the Precambrian Basement Complex of 

Northern Nigeria. International Journal of 

Physical Sciences, 5(3):238-245 

Reich, C., Flocks, J. and Davis, J. (2012). 

Geophysical investigation of sentinel lakes 

in Lake, Seminole, Orange, and Volusia 

Counties, Florida: U.S. Geological Survey 

Open-File Report 2012-1201, 174. 

Sarma, V. S. (2014). Electrical Resistivity 

(ER), Self Potential (SP), Induced 

Polarisation (IP), Spectral Induced 

Polarisation (SIP) and Electrical 

Resistivity Tomography (ERT) 

prospection in NGRI for the past 50 years-

A Brief Review. Journal of Indian. 

Geophysical Union, 18(2):245-272 

Vander Velpen, B.P.A. (1988). RESIST 

Version 1.0 M.Sc Research Project, ITC. 

Delf  Netherlands. 




