
Vol.:(0123456789)1 3

Applied Water Science (2020) 10:190 
https://doi.org/10.1007/s13201-020-01279-z

ORIGINAL ARTICLE

The magnetic method as a tool in groundwater investigation 
in a basement complex terrain: Modomo Southwest Nigeria as a case 
study

Ademakinwa George Oni1   · Ponmile Japheth Eniola1 · Martins Olusola Olorunfemi1 · Michael Olajide Okunubi2 · 
Gaius Abayomi Osotuyi1

Received: 28 November 2019 / Accepted: 6 July 2020 / Published online: 13 July 2020 
© The Author(s) 2020

Abstract
A detailed ground magnetic survey was carried out in a basement complex underlain Modomo community in southwestern 
Nigeria with a view to delineating the subsurface structures, estimate the overburden thicknesses and assess the relevance 
of the geophysical method in groundwater investigation in the locality. The total field component of the earth’s magnetic 
field was measured at station intervals of 10–100 m along access routes within the study area. The data were corrected for 
diurnal variation and offset and subsequently reduced to the magnetic equator (RTE). Data enhancement techniques includ-
ing the second vertical derivative, total horizontal derivative and Euler deconvolution were applied to the RTE data to map 
edges and estimate depths to the structures. Overburden thicknesses were estimated from 2D magnetic subsurface modeling 
along eight profiles. The magnetic survey derived lineaments (structures) and overburden thicknesses were validated with 
resistivity survey derived 2D structures and overburden thicknesses and borehole log data from the study area. Twenty-four 
lineaments with lengths ranging from 150 to 777 m were identified from the magnetic map. The lineament orientations were 
E–W, ENE–WSW, WNW–ESE, NNW–SSE, NW–SE and NE–SW directions. Many of the identified lineaments correlated 
significantly with structures derived from the 2D resistivity images. Comparable thicknesses were observed between cor-
related magnetic derived overburden thicknesses (4.41–29.4 m) and depths from wells and boreholes (5.48–27.1 m). The 
study concluded that the magnetic method could be reliably used for overburden thickness estimation and structure mapping 
required in groundwater potential assessment in a typical basement complex terrain.
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Introduction

Hydro-geophysical investigation, most especially in ground-
water development-related problems, often involves assess-
ment of aquifer potential, water quality and pollution assess-
ment and aquifer vulnerability/protective capacity study 
among others (Kinnear et al. 2013; Orakwe et al. 2018; 
Olorunfemi and Oni 2019). Regardless of the focus of such 

study, the major targets are the aquifer unit(s) and the over-
lying materials.

In a typical basement terrain, groundwater is located in 
weathered and fractured aquifers (Olorunfemi and Fasuyi 
1993; Macdonald and Calowb 2008; Olorunfemi and Oni 
2019) and in the transition zone (partly weathered basement) 
between the weathered rock and the fresh bedrock (Acworth 
2001). Unlike in the sedimentary environment, aquifer lat-
eral and depth extents vary considerably (Acworth 2001; 
Kumar et al. 2007). While some areas are associated with 
relatively high overburden thicknesses and high fracture den-
sities with consequently high groundwater potential, other 
areas could be devoid of subsurface structures (fault, fracture 
and shear zones) with basement outcropping in most places 
with tendency for very low groundwater potential (Chirindja 
et al. 2017).
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Information on aquifer thickness and properties (poros-
ity, permeability) and their spatial variability among other 
hydrogeological factors required for proper assessment of 
groundwater potential, siting of productive borehole, for-
mulation of best exploitation and development technique(s) 
and the cost estimation are derivable from the results of geo-
physical investigation (MacDonald and Calowb 2008). The 
geophysical methods that are applicable in hydrogeological 
studies include the electromagnetic, resistivity, magnetic and 
the seismic methods. The electrical resistivity and electro-
magnetic methods have proven to be the most useful meth-
ods because the hydrogeological parameters such as aquifer 
porosity and permeability and the concentration of the satu-
rating fluid significantly determine the electrical resistivity/
conductivity that is measured (Zohdy 1969; Ogilvy 1970; 
Paillet 2013). These methods also enable large-scale aquifer 
characterization that may not be possible through conven-
tional (borehole drilling, pump testing and core sampling) 
techniques in a minimally/or noninvasive and cost-effective 
manner (Robinson et al. 2013; Ruggeri et al. 2013; Deng 
et al. 2016).

The magnetic method is probably the most versatile of all 
the geophysical methods (Dobrin and Savit 1988) because 
it can be applied to both shallow and deep seated targets. It 
is also relatively cheap for both local and regional studies. 
Since the early 1900s, the magnetic method has been used 
primarily for regional survey in hydrocarbon and mineral 
explorations. Such applications include mapping of geo-
logical structures and igneous intrusions and in the estima-
tion of sedimentary basin thickness. Much of the shallow 
subsurface investigations are directed toward characteriz-
ing the sediments above the bedrock, defining the bedrock 
topography and delineating buried metallic objects (Babu 
et al. 1991; Urban et al. 2012). The main application of the 
magnetic method in groundwater investigation had been in 
defining large-scale basin structures and regional aquifers. 
Babu et al. (1991); Olorunfemi et al. (1986) and Olorunfemi 
and Oni (2019) used the method to map bedrock topogra-
phy, basement faults/fractures and the location of crustal 
weakness that may represent preferential fluid flow paths. Its 
application in mapping unconsolidated sequence is limited 
as magnetic signatures for different sediment horizons are 
often weak. The method is therefore not directly and com-
monly used for detailed groundwater and shallow subsurface 
investigation probably due to the insignificant magnetic sus-
ceptibility contrast within the weathered layer and sediment, 
complexity in anomaly interpretation and the difficulties in 
obtaining useful quantitative information from its measure-
ments (Burger et al. 1992).

However, with the availability of suite of robust data pro-
cessing techniques such as vertical and horizontal derivatives, 

Euler deconvolution and profile modeling that enhance charac-
teristics of potential field data, information about the subsur-
face could be obtained from magnetic data, particularly when 
the data quality is good and measurement spacing is flexible.

Modomo Community in Ile-Ife, Southwestern Nigeria, is 
underlain by the Precambrian basement complex rocks where 
groundwater development via hand-dug wells and boreholes 
had been a major challenge (Alisiobi and Ako 2012; Oni 
2014). Recent inventory/auditing of fifty-seven wells/bore-
holes within the community revealed 40.4% nonproductive 
holes (Eniola 2019). A detailed ground magnetic survey was 
therefore carried out within Modomo community with the 
objectives of delineating the major and interconnected geo-
logic structures (fault/fracture/shear zones) and estimating 
the overburden thicknesses. The magnetic derived lineaments 
(structures) and overburden thicknesses were compared with 
the similar results from detailed resistivity survey and bore-
hole information as a means of assessing the relevance of the 
magnetic method in groundwater investigation in a typical 
basement complex terrain.

Description of the study area

The Modomo community is located in Ile-Ife in Ife Central 
Local Government Area of Osun State, Southwestern Nigeria. 
It lies between Northings 828,400 mN and 830,000 mN and 
Eastings 664,000 mE and 665,600 mE of Zone 31 N (Minna 
datum) in the Universal Traverse Mercator coordinate system 
(Fig. 1). The topographic elevation ranges from 230 to 280 m 
(Fig. 1a) with a gently undulating topography in the southern 
and eastern parts and a gently sloping topography in the north-
ern and western parts. The area is drained by River Asunle and 
its tributaries (Fig. 2). The drainage pattern within the study 
area is dendritic.

Modomo Community falls within the sub-equatorial south 
climatic region with two distinct seasons which include the 
rainy season from April to October with mean annual rainfall 
of about 1237 mm and the dry season that runs from Novem-
ber to March (Iloeje 1981).

The study area is underlain by the Precambrian basement 
complex rocks of southwestern Nigeria. The underlying rocks 
include granite gneiss and pegmatite of the Ife-Ilesha Schist 
Belt (Fig. 2). The granite gneiss is observed across the study 
area as low lying outcrops (Fig. 1a) while veins of pegmatite 
are visible along road cuts and channels created by erosion 
in the southwestern part of the study area. The overburden is 
made up of relatively thin clayey sand and clay.
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Materials and method of study

Reconnaissance field study and geophysical data 
acquisition

Preliminary studies involving a review of previous works, 
acquisition of relevant maps (topographic and geologic 
maps) and site visitation to gather information on ground-
water resource and development within the community, were 
carried out. Coordinates of road networks, rock outcrops 
and major landmark features such as church, mosques and 
schools were recorded and used to generate the base map 
for the study area (Fig. 3). Inventory of the available wells 
and boreholes within the study area was also carried out to 
establish their productivity status and the depth to which the 
wells and boreholes were drilled.

Ground magnetic survey was carried out along all access 
roads within the study area. Total field magnetic intensity 
(TMI) data were collected at station intervals of 10–100 m 
(but generally at 50 m) (Fig. 3). The non-uniformity in 
the station interval was due to the built-up nature of the 

community and varying degrees of accessibility and cultural 
interference. Before the commencement of the data acquisi-
tion, a base station was established in a magnetically quiet 
environment within the study area where repeated readings 
were taken at intervals of about 30 min to monitor the trend 
of time varying component of the earth’s total magnetic 
field (Diurnal variation) which were used to correct the field 
data for diurnal variation and offset by subtracting the base 
station magnetic measurement from a time-synchronized 
magnetic measurement along the occupied traverses. The 
residual magnetic data were quality checked and anomalous 
data (spikes) due to cultural effects removed.

Magnetic data enhancement

To assist the interpretation of the magnetic data, the residual 
magnetic data were reduced to the magnetic equator. Data 
enhancement techniques including second vertical deriva-
tive (SVD), total horizontal derivative (THD) and 3D Euler 
deconvolution were subsequently applied to the reduced to 
magnetic equator (RTE) data to map edges of structures and 

Fig. 1   Location map of a the study area b Nigeria showing Southwestern Region and Osun State and c Osun State showing Ile-Ife
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estimate depth to the magnetic sources using the Geosoft 
software, Oasis Montaj™ v.6.4.2. Quantitative interpretation 
involving 2D magnetic modeling of selected profiles, across 
the study area, was also carried out for the estimation of 
overburden thicknesses or depths to magnetic sources. The 
enhancement techniques are briefly discussed.

Reduction to the equator (RTE)

Magnetic data at low and high magnetic latitudes are difficult 
to interpret because magnetic anomalies are displaced from 
their causative sources. Reduction to the equator is used in 
low magnetic latitudes, such as the study area (I = − 10.2°), 
because it makes the magnetic field of the earth and mag-
netization of the magnetic sources to appear horizontal (as 
in the magnetic equator), centers the peaks of the magnetic 
anomalies over their sources and removes the asymmetry of 
the magnetic anomaly due to nonzero magnetic inclination. 
This makes the data easier to interpret, most especially with 
respect to target location.

Total horizontal derivative (THD)

Horizontal derivatives are magnetic vector data that give 
additional information concerning the directional variations 
of the total magnetic field (Nelson 1988; Christensen and 

Dranfield 2002) and are essentially important when trying 
to map linear features such as fault zones/or dykes from 
magnetic data (Hogg 2004). Horizontal derivative maps are 
derivative products which reveal anomaly texture and high-
light anomaly pattern discontinuities. The horizontal deriva-
tive of an anomaly field is calculated as the Pythagorean 
sum of the gradients in orthogonal directions. If F(x, y) is 
the magnetic field, then the horizontal gradient magnitude 
THD(x, y) is given by Phillips (2000) as:

This function peaks over (for thin dyke model) and at 
edges (for thick dyke model) of magnetic contacts on the 
assumptions that the regional magnetic field and source 
magnetizations are vertical among other assumptions (Phil-
lips 2002).

Second vertical derivative (SVD)

Second vertical derivative map resolves or sharpens anoma-
lies of small areal extent. Zero contours of second vertical 
derivative anomalies are used to outline the approximate 
boundaries of magnetic sources (Vacquier et  al. 1951). 

(1)THD (x, y) =

√

(

dF

dx

)2

+

(

dF

dy

)2

.

Fig. 2   Geological map of the study area (Modified after Geological Survey of Nigeria 1965; Boesse 1989)
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Second vertical derivative maps also enhance shallow 
sources at the expense of the deep sources. From Laplace’s 
equation for potential field data, Eq. (2) defines the second 
vertical derivative of potential field (F) data

where F = total magnetic intensity and x, y and z are the 
distances along the two horizontal and the vertical axes, 
respectively.

3D Euler deconvolution

This data processing technique is based on the concept that 
anomalous magnetic fields of localized structures are homo-
geneous functions of the source coordinate and, therefore, 
satisfies Euler‘s homogeneity equation (Hood 1965; Thomp-
son 1973; Reid et al. 1990). The technique operates on the 
data directly and provides a mathematical solution without 

(2)
d2F

dx2
+

d2F

dy2
+

d2F

dz2
= 0

recourse to any geological constraints. The application of 
Euler deconvolution has emerged as a powerful tool for 
direct determination of depth and probable source geom-
etry in magnetic data interpretation (Barbosa et al. 1999; 
Muszala et al. 1999; Roy et al. 2000).

If a total field (T) measured at a point (x, y and z) has a 
base level of b and derivatives (dT/dx, dT/dy and dT/dz in 
the x, y and z directions), the 3D form of Euler’s equation is 
defined by Reid et al. (1990) as:

2D geological modeling of the subsurface

Two-dimensional (2D) geologic models of the subsurface 
were generated with GM-SYS, Oasis montaj™ version 6.4.2 
software based on Talwani and Heirtzler (1964); Talwani 

(3)

x
dT

dx
+ y

dT

dy
+ z

dT

dz
+ �T = x0

dT

dx
+ y0

dT
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+ z0

dT

dz
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Fig. 3   Base map of the study 
area showing the magnetic 
observation points
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(1965) and Wen and Bevis (1987). Information on the 
overburden thicknesses (depths to magnetic source) was 
extracted from the models.

The magnetic maps (RTE, SVD, THD and Euler decon-
volution solutions) were then interpreted qualitatively for 
identification of geologic structures (faults, geologic con-
tacts and fracture zones) from which the structural map of 
the study area was generated. The interpretation results of 
the magnetic data (depth to basement bedrock and struc-
tural maps) were then correlated with the existing results 
(overburden thickness and structural maps) from 1D vertical 
electrical sounding (VES) and 2D resistivity structures and 
borehole information, for validation of the results.

Results and discussion

Magnetic maps

Figure 4 presents the residual magnetic field intensity (RMI) 
map of the study area. The amplitude of the RMI ranges 
from − 414.5 to 349.9 nT. However, this map could not be 

accurately interpreted due to the effect of the nonzero mag-
netic inclination (I = − 10.2° for the study area) and was 
therefore reduced to the magnetic equator.

The reduced to the magnetic equator (RTE) map (Fig. 5) 
shows a magnetic field intensity that varies from − 370.77 to 
219.43 nT with series of high (positive) (A–I) and low (posi-
tive and negative) (1–9) magnetic anomalies. The maximum 
(positive) magnetic intensity is observed in the northern and 
central parts of the study area, while the southern part is 
characterized by the minimum (negative) magnetic inten-
sity. From this map (Fig. 5), the study area is divided into 
three magnetic zones (ZONES 1–3) using the variation and 
characteristic of the magnetic field intensity. ZONE 1 shows 
generally high (positive) magnetic response with magnetic 
intensities ranging from − 13.7 to 219.43 nT. The central part 
(ZONE 2) is characterized by variable magnetic responses 
with a mixture of moderate to high magnetic intensities. The 
magnetic intensity values range from − 24.69 to 219.43 nT. 
The southern part (ZONE 3) has low (negative) magnetic 
response with magnetic intensities ranging from − 24.69 to 
− 370.77 nT.

Fig. 4   Residual magnetic 
intensity (RMI) map of the 
study area
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This kind of variation in magnetic intensity could mean 
variation in lithology, discontinuities in the basement rock 
(caused by faulting, fracturing or jointing) or an indica-
tion of the basement relief. From the geologic map of the 
study area (Fig. 2) and direct field observations during 
data acquisition, the study area is mainly underlain by one 
rock type (granite gneiss), while an insignificant part is 
underlain by pegmatite. Therefore, variations in magnetic 
intensity within the study area could only be an indication 
of basement relief and discontinuities (fractures, faults and 
joints) in the rocks underlying the study area rather than 
geology (lithological variation). In the magnetic ZONE 1, 
there are four prominent high (positive) magnetic anoma-
lies (A, B, C and D) with B and C trending NW–SE while 
A and D trend E–W direction. Other observable anomaly 
within this zone is labeled 1 and is characterized by short 
wavelength low magnetic intensity. ZONE 2 is character-
ized by several elongated high positive (E–H) and low 

(positive) (2–8) magnetic anomalies, particularly in the 
western half, with ENE–WSW orientation. The magnetic 
low (2, 3 and 4) and high (A, E, F and G) anomalies are 
sandwiched between one another and are of the same 
trend. A prominent elongated low (negative) magnetic 
anomaly, labeled 9 which trends approximately E–W 
direction, is observed within ZONE 3.

The locations and orientations of the subsurface struc-
tures were clearly mapped on the structure enhanced maps 
(Figs. 6, 7, 8). The total horizontal derivative (THD) map 
(Fig. 6) reveals the contact locations as peak amplitude 
anomalies with values ranging from 0.111 nT/m to 3.70 
nT/m. The anomaly maxima, highlighted on the map as black 
lines, represent the identified contact locations. The orien-
tations of the lineaments are E–W, ENE–WSW, NW–SE 
and NE–SW. Most of the identified THD lineaments were 
defined by the 0 nT/m2 contour lines on the second verti-
cal derivative (SVD) map (Fig. 7) whose amplitudes vary 

Fig. 5   Reduced to the magnetic 
equator (RTE) map of the study 
area
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between − 0.180 and 0.169 nT/m2. Lineaments derived from 
the SVD map were highlighted with black lines. The discon-
tinuous nature of the lineaments identified on the derivative 
maps (Figs. 6, 7) is typical of fractures, faults or joints and 
not geologic contacts/or boundaries.

Figure 8 shows the 3D Euler deconvolution map of the 
study area. This technique was adopted to map lineament 
locations and also estimate depth to the top of the mag-
netic sources (structures). The best clustered solution was 
achieved using a structural index, η = 0.5, window sizes 
of 10 and tolerance of 20. According to Hsu (2002), the 
adopted structural index (η = 0.5) is typical of contacts with 
small depth extent (Table 1). The depth range of identified 
structures varied from 0 m, on rock outcrop to 100 m with 
15–50 m range constituting the predominant depth of line-
ament occurrence. This shows the near surface nature of 
the structures. The orientations of the structures are E–W, 
ENE–WSW, NE–SW and NW–SE as earlier observed on 
the derivative maps.

It is generally observed that most of the structures are 
concentrated in the northern, southern and western parts of 
the study area while the eastern part is sparse in structure. 
Identified lineaments from the derivatives maps were super-
imposed on the Euler solution (Fig. 9). The superimposition 
shows significant correlations of lineaments, especially in 
the southern, western and northern parts of the study area 
where the THD and SVD derived lineaments fell mostly 
on and at the edge of the Euler solutions. This shows the 
genuineness of most of the structures mapped by these tech-
niques. However, in the eastern part of the study area, the 
3D Euler deconvolution technique shows sparse solution 
clusters, whereas the derivatives mapped some suspected 
lineaments.

Structure map (Fig. 10) of the study area was evolved 
from the synthesis of the THD, SVD and Euler deconvolu-
tion derived structures such that consistent structures (i.e., 
lineaments/structures that correlated across at least two of 
the maps) were classified as genuine structures and presented 

Fig. 6   Total horizontal deriva-
tive (THD) map of the study 
area showing identified linea-
ments with black lines
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as continuous lines while others were classified as suspected 
lineaments/structures and presented as dotted lines. Twenty-
four (24) lineaments, twenty-one (A–U) genuine and three 
suspected (1–3) lineaments/structures were identified within 
the study area. The lengths of the lineaments varied from 
150 to 777 m, for P and L, respectively. The orientations of 
the structures are approximately E–W (B, E, J, O, P and U), 
ENE–WSW (A, H, I and Q), ESE–WNW (M, R, S and T), 
NW–SE (C and 1), NE–SW (D, K, L and 3) and NNW–SSE 
(F, 1 and 2) (Fig. 10). Significant numbers of the lineaments 
are concentrated in the northern half of the study area. For 
structures with large width/depth extent (thick dyke model) 
the Euler solution, the peak amplitude THD anomaly and 
SVD zero contour lines define the edges/boundaries while 
for contacts with small width/depth extent (thin dyke 
model), the contact location is defined (Table 1; Phillips 
2002; Ndougsa-Mbarga et al. 2012). The near parallel nature 

and about equal length extent of lineaments K and L; E and 
G and H and I (Fig. 10) suggest that the lineaments could be 
boundaries of three different structures or are separate struc-
tures formed from the same tectonic event (syn-tectonic). It 
is suspected that the E–W striking stream, flowing into the 
Asunle river in the southeastern part of the study area, may 
have been structurally controlled by the lineament labeled E.

Profile modeling and overburden thickness 
estimation

Eight profiles (A–A1, B–B1, C–C1, D–D1, E–E1, F–F1, G–G1 
and H–H1) were generated across the RTE map (Fig. 5) for 
2D magnetic subsurface modeling. The modeling was car-
ried out to estimate the overburden thicknesses/depths to 
the magnetic basement. Typical profiles and 2D magnetic 

Fig. 7   Second vertical deriva-
tive (SVD) map of the study 
area showing identified linea-
ments with black lines
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subsurface models obtained along the selected profiles are 
displayed in Fig. 11a, b. The depth to the magnetic basement 
ranges from 0 to 75 m with an average depth of 21.78 m. 

Most of the modeled structures (fault/fracture zone) show 
vertical/near vertical dip.

Figure 12 shows the magnetic derived overburden thick-
ness map of the study area, generated from extracted thick-
nesses from the modeled profiles. The magnetic overburden 
thickness ranges from 0 to 75 m. The map shows that 54.5% 
of the study area, which encompasses the central and south-
ern parts, has overburden thicknesses ranging from 0 to 20 m 
while the northern part shows overburden thicknesses rang-
ing from 20 to 75 m. However, some portions of the south-
ern part of the study area also show significant overburden 
thickness ranging from 20 to 75 m.

Fig. 8   3D Euler deconvolution 
solution map (using structural 
index (η) = 0.5, window size of 
10 and tolerance of 20)

Table 1   Structural index and their corresponding magnetic models 
(After Hsu 2002)

Structural 
index (ƞ)

Magnetic model Euler depth position

0.0 Contact with large depth extent At top and edge
0.5 Contact with small depth extent At top and edge
1.0 Thin prism with large depth extent At top and center, 

or at edge and half 
throw

2.0 Vertical or horizontal cylinder At center
3.0 Sphere At center
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Results validation

Adediran (2019) carried out a detailed geophysical inves-
tigation involving 2D resistivity imaging (adopting the 
dipole–dipole array) and 1D vertical electrical sounding 
(VES) using the Schlumberger array within the current study 
area. Figure 13 shows the structure map obtained from the 
study. Superimposed on this map are the magnetic linea-
ments in Fig. 10.

Nine (9) resistivity survey derived structure zones, char-
acterized by near vertical/vertical low resistivity disconti-
nuity between a very resistive host basement rock, which 
are labeled R1-9 (Fig. 13), show significant correlation with 
the magnetic lineaments. Resistivity structures R1, R2, R3 
and R8 correlated with magnetic structures A, B, E and 3, 
respectively. However, the correlation between resistivity 
structure R5 and magnetic lineaments K and L shows that 

R5 is completely located between K and L while displaying 
the same structure geometry. Segment of R5 represented 
with continuous lines to denote where the structure was 
clearly identified correlated with the continuous segments 
of the magnetic lineaments K and L. The suspected seg-
ment of the resistivity structure R5 in dashed line segments 
also correlated with the suspected segment of the magnetic 
lineaments.

As earlier inferred in the discussion of the magnetic 
structure map, lineaments K and L are suspected to be 
boundaries of a mega structure R5. The width of the mag-
netic lineaments (distance between lineaments K and L) is 
much wider than the width of the corresponding resistiv-
ity structure as previously observed by Olorunfemi and 
Oni (2019). As observed by these authors, the direction of 
displacement between the magnetic and resistivity struc-
tures is the direction of dip of the structure. This means 

Fig. 9   Map showing the 3D 
Euler solution and superim-
posed THD and SVD derived 
lineaments
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that structure R5 dips northwesterly. This dip direction is 
corroborated by the direction of displacement of the Euler 
solution of the same structure (Fig. 8). The solutions of 
50–100 m depth range, denoted with blue color, are dis-
placed in the northwest relative to solutions obtained for 
shallower (15–50 m) depth range. The summary of the 
magnetic derived lineaments and their corresponding 2D 
resistivity derived structures are contained in Table 2.

For the overburden thickness estimation, Fig. 14a, b 
shows the magnetic derived overburden and geoelectric 
derived overburden thickness maps, respectively. The 
magnetic overburden thickness ranges from 0 to 75 m 
with 80.50% of the study area showing thicknesses that 

are less than 30 m, while the geoelectric overburden thick-
ness ranges from 0 to 30 m. This disparity in overburden 
thickness estimation is thought to be due to the different 
physical properties contrasts (magnetic susceptibility and 
resistivity of earth material), these methods are responsive 
to. Also, the magnetic method measures depth to magnetic 
basement which is usually deeper than the geologic/geo-
electric basement which the electrical resistivity method is 
responsive to. Despite the disparity in the estimated over-
burden thicknesses by the two methods, the two methods 
show that more than 50% of the study area has overburden 
thicknesses ranging from 0 to 20 m. On both maps, the 
northern part of the study area has the thickest overburden, 

Fig. 10   Structure map of the study area generated from synthesis of 3D Euler deconvolution, SVD and THD derived lineaments
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Fig. 11   a Magnetic profile and 2D subsurface magnetic model along A–A1 profile line, b magnetic profile and 2D subsurface magnetic model 
along E–E1 profile line
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though some isolated portions of the southern part also 
show overburden thicknesses that are more than 20 m. 
Generally, both maps display significant correlation.

The depths to rock head obtained from boreholes/wells 
were compared with the depth to magnetic basement derived 
from the 2D magnetic models in (Table 3). The table shows 
that the magnetic derived overburden thicknesses are gen-
erally higher (6.85–59.80%) than the thicknesses obtained 
at some well locations (1, 4, 5, 6, 7, 8 and 9) and lower 
(24.56–26.50%) at other well locations (2 and 3). However, 
the overburden thickness range falls between 0 and 20 m 

in both cases which is in agreement with the 1D resistivity 
derived overburden thicknesses.

Conclusion

Detailed ground magnetic survey was carried out in a typi-
cal basement complex terrain of Modomo in Southwest-
ern Nigeria. In such terrain, groundwater aquifers are the 
weathered layer and or fractured basement column. Delin-
eating these aquifer units and determining their geometries 

Fig. 12   Magnetic overburden 
thickness map with superim-
posed well locations
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(lateral and vertical extents) are required in groundwater 
development in a basement complex terrain. The electrical 
resistivity method is often engaged in predrilling ground-
water investigation while the magnetic method is rarely 
used. However, with a suite of data enhancement tech-
niques now available for the processing and interpretation 
of potential field data, comparable results and informa-
tion about the subsurface aquifers, typically obtained from 
resistivity method, could be achieved with the magnetic 
method.

The results of a detailed ground magnetic survey in the 
study area identify geologic structures that are corroborated 

by 2D resistivity images. The study also showed that over-
burden thicknesses that are comparable with 1D VES 
derived overburden thicknesses can be estimated from 
magnetic survey. It is therefore concluded that the magnetic 
method can be reliably used for overburden thickness esti-
mation and structure mapping and hence very relevant in 
groundwater investigation in a typical basement complex 
terrain.

Fig. 13   Composite structure map of the study area (Modified from Adediran 2019)
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Table 2   Summary of the magnetic and resistivity derived lineaments

Magnetic 
derived linea-
ments

Real lineaments Magnetic 
derived linea-
ments

Suspected/inferred lineaments

Corresponding resistiv-
ity derived lineaments

Lineament 
length (m)

Lineaments 
dip direction

Corresponding resistiv-
ity derived lineaments

Lineament 
length (m)

Lineaments 
dip direction

A R1 405 Vertical 1 R7/R8/R9 365 –
B R2 255 – 2 – 362 –
C – 230 – 3 R8 272 –
D – 248 –
E R3 540 Vertical
F – 263 –
G R4 575 Vertical
H – 607 –
I R6 678 –
J R6 325 –
K R5 597 NW
L R5 777 NW
M R5/R7/R8 271 –
N R7/R8 705 Vertical
O – 544 –
P – 150 –
Q R9 435 Vertical
R – 468
S – 185
T – 270
U R6 215

Fig. 14   Overburden thickness maps derived from a 2D magnetic models and b 1D VES interpretation result
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