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ABSTRACT 

Mapping of the subsurface structures within the environment is highly essential in engineering site 
characterization. The subsurface structure around the college of computing and communication studies, 
Bowen University Nigeria was studied using the very low frequency electromagnetic (VLF-EM) and the 
geo-electrical resistivity method. This was aimed with a view to investigate the weak and competent 
geological zones. In this study, five traverses were generated for both the VLF-EM and geoelectrical 
resistivity method, using the VLF-EM 16 equipment and OHMMEGA-Terrameter respectively. The results 
of the VLF-EM revealed the presence of positive and negative anomalies responses. The positive anomalies 
indicate the weak zones, which may be caused by geological structures such as faults/fractures, and contacts 
between rocks and the negative anomalies indicate the competent zones, which may be due to hard 
rock/laterite. The geo-electrical resistivity results revealed the vertical and lateral inverted resistivity values 
of the subsurface structure. The result revealed four layers such as top soil, weathered layer, fractured and 
fresh basement. From both the interpreted results, the weak/fractured zones mapped in the basement are 
points of interest in this research. The results of the investigation revealed that the probable cause(s) of the 
structural failures within the study area are evidence of geological features mapped as fracture and clayey 
formation that is present in the study area. Therefore, in order to evade future structural problems and 
minimize capitals used in restoring distressed structures in the University, a geophysicist services should be 
engaged for pre-foundation studies, which will act as a guide before and during construction. 

Keywords: Geophysical investigation, Fracture, Conductive zone, Bedrock mapping, Very low frequency, 
Environmental studies 

INTRODUCTION 

Investigation of the subsurface weak and competent basement for structural stability is very fundamental in  
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civil engineering site investigation. It aids in determining the appropriate depth of the building’s foundation 
as well as concerns linked with subsurface development. In addition, [1] reported that geophysical 
subsurface studies provide quick and cost-effective ways for acquiring detailed subsurface geological 
information. Moreover, geophysical methods may provide massive data and image of the subsurface without 
physically disturbing the subsoil. Also [2] reported that there is a need to perform conductive/fractured 
investigative surveys in Nigeria today since the rates at which structures fail are terrifying and have gotten 
more serious. According to [3], following the collapse of buildings in Nigeria, extensive geophysical and 
geotechnical investigations give knowledge that offers suitable solutions for future prevention. Moreover, 
[4] revealed that subsurface investigation is an important stage in obtaining bedrock stability responses for 
strategy and execution of viable civil engineering activities. Furthermore, the site selection for the location 
and installation of the engineering foundation must be based on competent geological materials because 
structural instability and other types of failure frequently set in immediately after the project is built. 
According to [5], engineering site investigations, which include geophysical techniques, are very effective 
in characterizing a site’s subsurface geology. According to [6] the geophysical technique allows for the 
early identification of geotechnical risk characteristics and adjusts for the impacts of subsurface spatial 
heterogeneity, which can restrict soil-structure contact and trigger structural failure. Similarly, [7] reports 
that geophysical methods and interpretation are commonly used for exploring the structural level of 
competence because this technique has been revealed to be the only solution for this heinous occurrence 
because this technique will map the subsurface variability encountered in determining the true essence of the 
proposed construction site. Furthermore, [2] the discussed that the structural stability and resistance to 
horizontal stress cannot be overstated, as the high incidence of structural collapse has continued to increase 
throughout the world, and using a geophysical method has been observed to be the only solution for this 
terrible incidence. In this regard, the very low frequency electromagnetic (VLF-EM) and geo-electrical 
resistivity method, among other geophysical methods, has been revealed to be an important tool in 
geoengineering research to check the competence of subsurface structures, [8; 9] offered extensive 
descriptions of the theory behind the methods. This approach has been most often utilized for efficient 
mapping of near-surface geological formations such as fractured zones, sheared contacts and faults. 
According to [10; 11] the enhanced conductivity of fractured zones can be detected by VLF and geo- 
electrical resistivity method, since they are quick method best suited for the identification of conducting 
zones with steep boundaries [12; 13; 14; 15; 16] and the method is thus well suited to locate steeply dipping 
fracture zones and other structures in bedrock as reported by [17]. Therefore, the VLF-EM and geo- 
electrical resistivity method was used in characterizing the subsurface geological nature within the study 
area to identify subsurface geological structures such as weak/fractured zones that could pose engineering 
challenges to future structural developments. Thus, subsurface data would offer evidence on the size, and 
the natures of the proposed structure and help in characterizing the study area into weak and competent 
zones. 

Study Area Geology and Location 

Bowen University Iwo is situated in the southwest region of Nigeria, with latitude 7°50′ to 8°00′N and 
longitude 4°00′ to 5°00′E. The research region is situated in a tropical climate with sporadic wet and dry 
seasons. [18] stated that the temperature is quite elevated throughout the day and fluctuates by season. On a 
very cold day, the average dial temperature is approximately 20 °C, whereas, on a very hot day, it is around 
35 °C. The rainy season is the coolest period of the year. However, the rainy season goes from April to early 
October. In addition, the dry season goes from late October to early April. Consequently, the average 
amount of rainfall is between 1016 mm and 1524 mm over the period of the rainy season. A dusty wind 
blows from the Sahara Desert during the period of the dry season as reported by [18]. According to [19] the 
research location is in a landscape of old hard rocks covered by the Precambrian basement complex of 
Southwestern Nigeria as shown in Figure 1. 
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Figure 1: [19] Map of Nigeria showing the Geology of the study area 

 

MATERIALS AND METHOD 

The Geonics VLF-EM 16 and the OHMMEGA-Terrameter were used for the field investigation. In this 
study, five traverses of VLF-EM and dipole-dipole measurements were generated, as shown in Figure 2. 

 
 
Figure 2: The Layout of the Study area 

The VLF data were displayed as profiles and 2D sections using the KHFILT program (version 1.0), as 
described by [20; 21]. VLF-EM data was interpreted qualitative and quantitatively. The electromagnetic 
approach, according to [22; 23] assesses the bulk conductivity of the subsurface resources underneath, and 
between the transmitter and reception coil instruments. The theoretical fundamentals of VLF can be found 
in literature according to [24; 25; 26; 27; 28]. Thus, [29] reported that the magnetic field vertical and 
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horizontal components are measured, actual and anomalous values are estimated, such that. 
 

                                                                             (1) 

However,  denote the dip angles, H2 and Hx denotes the amplitudes and  denote the Phase difference  

The geo-electrical resistivity data were displays as pseudo plots and interpreted qualitatively. The dipole- 
dipole measurement was used to determine the subsurface formation and the theoretical fundamental for 
dipole-dipole measurement as described by [30] is given below: 

                                                                    (2) 
 
Where  is the apparent resistivity, V is the voltage, I is the current 

 

RESULTS AND DISCUSSION 

The VLF-EM results from Figure 3 to 7 shows the percentage profiles of the raw real component and Q–
factor values, plotted against the stations at a regular spacing. It was suggested by [10] that geological 
structures such as the faults, fractured and the geological contact or distressed basement are indicated by the 
positive peak zones. The peak positive of the anomaly changes vividly in the subsurface through the 
research are, inferring that the subsurface materials have varying weak and competent variations. 
Consequently, the Karous Hjelt and Fraser Filter software according to [20] was used to reveal the 2D 
corresponding pseudo-section models of the VLF-EM profiles over the five traverses. As regards to this, 
colour codes were used to represent the anomalous targets. Thus, [20] reported that the weak/fractured zone 
is shown with the colour code red. 

Traverse 1: Figure (3a) shows the anomalies with varying degree of seven positive peak Q-factor 
components mapped as joints, fractures, fault or contact at distance 0-80 m on the filtered real and revealed 
a well pronounced three positive peaks at distance 20-25 m, 35-42 m and 55-60 m. These are zones of 
attention in fracture and fault finding in basement. Figure (3b) shows the corresponding K-H pseudo-section 
on the profile. The weak/fractured zones are evenly distributed along the profile. The 2D inverted model 
also reveals competent zones which are suspected to be lateritic/hardpan/basement formation. 

 

Figure 3: (a) VLF-EM Profiles, (b) K-H Pseudo-section along Traverse 1 
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Traverse 2: Figure (4a) shows the anomalies with varying degree of seven positive peak Q-factor 
components mapped as joints, fractures, fault or contact at distance 0-80 m on the filtered real and revealed 
a well pronounced two positive peaks at distance 35-40 m and 55-63 m. Figure (4b) revealed the 
corresponding K-H pseudo-section on the profile 2. The weak/fractured zones are evenly distributed along 
the profile. The inverted model confirms the peak as an anomalous weak/fractured zone between 10-13 m, 
and 65-70 m. Also, the inverted model obviously reveals a competent zone at 12-22 m, 35-45 m and 55-65 
m respectively, which is typical of lateritic/basement formation. 
 

 
 
Figure 4: (a) VLF-EM Profiles, (b) K-H Pseudo-section along Traverse 2 

Traverse 3: Figure (5a) shows the anomalies with varying degree of seven positive peak Q-factor 
components mapped as joints, fractures, fault or contact at distance 0-80 m on the filtered real and revealed 
a well pronounced three positive peaks at distance 15-20 m, 55-60 m and 65-70 m. Figure (5b) revealed the 
corresponding K-H pseudo-section on the profile 3. The conductivity zones are evenly distributed along the 
profile, since different features of varying degree of conductivity were delineated. The inverted model, on 
the other hand, clearly shows a resistive zone at 10-20 m, 25-30 m, and 50-55 m, which is indicative of 
lateritic/basement development. 

 

Figure 5: (a) VLF-EM Profiles, (b) K-H Pseudo-section along Traverse 3 

Traverse 4: Figure (6a) shows the anomalies with varying degree of five positive peak Q-factor components 
mapped as joints, fractures, fault or contact at distance 0-80 m on the filtered real and revealed a well 
pronounced four positive peaks at distance 10-15 m, 15-20 m, 26-32 m and 55-64 m. Figure (6b) revealed 
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the corresponding K-H pseudo-section on the profile. The weak/fractured zones are evenly distributed along 
the profile. The inverted model shows that the anomaly that manifests at 5-7 m, 20 m, 35-60 m and 70-80 m 
is an anomalous weak/fractured zone, while however; the model reveals a competent zone between 10-20 m, 
35-40 m and 55-70 m. 

 

Figure 6: (a) VLF-EM Profiles, (b) K-H Pseudo-section along Traverse 4 

Traverse 5: Figure (7a) shows the anomalies with varying degree of nine positive peak Q-factor components 
mapped as joints, fractures, fault or contact at distance 0-80 m on the filtered real and revealed a well 
pronounced two positive peaks at distance 15-22 m and 55-62 m. Figure (7b) revealed the corresponding K- 
H pseudo-section on the profile. The weak/fractured zones are evenly distributed along the profile. The 
inverted model shows that the anomalies are reliable weak/fractured zone 0-10 m, 18-20 m and 30-35 m 
respectively. Hence, the model further reveals patches of the competent zone along the transverse of 8-10 m 
and 45-50 m, respectively. 

 

Figure 7: (a) VLF-EM Profiles, (b) K-H Pseudo-section along Traverse 5 

The geo-electrical resistivity results from Figure 8-12 revealed the vertical and lateral variations of the 
subsurface. It reveals four subsurface layers such as the topsoil, weathered layer, fractured and fresh 
basement. The pseudo plots reveal the nature of the weak zones within the study area. Figure 8 is the 2D 
resistivity structures along traverse 1 within the study area. The near surface exhibits lateral resistivity 
fluctuation, indicating that the materials within it are heterogeneous, resulting in horizontal homogeneities, 
with resistivity value ranging 73-3023 Ωm. A low resistivity ranging from 31-611 Ωm is found about 0-25 
m. Also, the basement is shallow at distance 60-80 m, which revealed the eastward dipping of the  
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basement. The closely spaced contours’ altered gradient indicates faulting or fracture, which is obvious 
around 60-65 m. 

 
 
Figure 8:2 D resistivity inversion beneath 1(a) observed resistivity data, (b) Computed resistivity 
distribution and (c) inverted resistivity structure 

Figure 9 shows 2 D resistivity structure along traverse 2 within the study area. However, the near surface 
show lateral variations in resistivity distribution which implies that the near surface material of the study 
area are not homogenous, leading to lateral in homogeneities, with the resistivity value ranging from 59- 
1986 Ωm. It revealed low resistivity values between 59-440 Ωm that is evident between distances 40-80 m. 
Hence, shallow basements are observed at depth of 0-8.5 m on both flanks from 55-60 m and reappear at 70- 
80 m. The closely spaced contours which suggest fracturing/faulting/lineament structure are evident 
between 0-30 m and 65. 
 

 
 
Figure 9:2 D resistivity inversion beneath 2(a) observed resistivity data, (b) Computed resistivity 
distribution and (c) inverted resistivity structure. 

Figure 10 shows 2D resistivity structure along traverse 3 within the study area. However, the near surface 
show lateral variations in resistivity distribution which implies that the near surface materials of the study 
area are not homogenous, leading to lateral in homogeneities, with the resistivity value ranging from 8.4- 
2907 Ωm. It shows a low resistivity values from 84-637 Ωm which is evident between 0-80m. Hence, 
shallow basements at the both lines are evident, and the closely spaced contours from gradient change 
evidence at 0- 80 m indicate fracturing/fault and or lineament structure. 
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Figure 10:2 D resistivity inversion beneath 3(a) observed resistivity data, (b) Computed resistivity 
distribution and (c) inverted resistivity structure 

Figure 11 shows 2D resistivity structure along traverse 4 within the study area. However, the near surface 
show lateral variations in resistivity distribution which implies that the near surface materials of the study 
area are not homogenous, leading to lateral inhomogeneity, with the resistivity value ranging from 9-2720 
Ωm. It revealed low resistivity values ranging from 9-279 Ωm which is shown between 20-70 m. Hence, the 
shallow basements at both flanks are observed at the depth of 7.5-8.5 m and the closely spaced contours 
from gradient change evidence at 0-85 m indicate fracturing/fault and or lineament structure. 
 

 
 
Figure 11:2 D resistivity inversion beneath 4(a) observed resistivity data, (b) Computed resistivity 
distribution and (c) inverted resistivity structure 

Figure 12 shows 2D resistivity structure along traverse 5 within the study area. However, the near surface 
show lateral variations in resistivity distribution which implies the near surface materials are not 
homogenous, leading to lateral inhomogeneity, with the resistivity values ranging between 71-1711 Ωm. It 
reveals low resistivity values ranging from 71-439 Ωm which is evident at the distance range of 0-40 m and 
re-appear at 55-85 m. Hence, shallow basements at the depth of 4.4-8.5 m on both flanks are observed and 
the closely spaced contours from gradient change evidence at 0-85 m indicate fracturing/fault and lineament 
structure 
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Figure 12:2 D resistivity inversion beneath 5(a) observed resistivity data, (b) Computed resistivity 
distribution and (c) inverted resistivity structure 

 

SUMMARY OF THE RESULTS 

Adequate geophysical survey was carried out within the study area; in doing this, two geophysical methods 
employing the dipole–dipole measurement and very low frequency electromagnetic method. The subsurface 
mapping findings indicated the presence of weak/fractured zones which are suggested to be the occurrence 
of geological structures such as fractures, faults and crack while the competent zone is suggested to be the 
occurrence of lateritic/basement formation. However, areas with weak/fractured zones are not good for 
engineering activities, since it will influence the type of foundation and the building that will be erected on 
the locations in the near or far future. 

Consequently, the 2D geo-electrical resistivity map and VLF-EM pseudo-section delineated zones with 
presence of clayey formations. The dipole-dipole geophysical measurements were taken along the VLF-EM 
orientation. According to the sections, the clay layer creates the majority of the basement depressions in the 
region. The depression may be the consequence of groundwater’s preferred channeling and storage, which 
has caused feldspar and amphibolite-rich areas of the fresh basement to weather. [31] emphasized that silty- 
clay materials in a construction site are a major geotechnical problem in construction. According to [32] the 
fact is that swelling and shrinking of bedrock induced by conductive/fractured subsurface formations are 
only partially recoverable, and the adverse influences on infrastructures are also irreversible. 

However, before construction, it is important to identify and research the possible difficulties that may be 
created by fractured bedrock so as to avoid costly corrective measures after possible construction. Also, 
when weak/fractured basement are identified, [33] highlighted the need for an artificial basement, which 
will help the foundation withstand any dynamic movement of the subsurface associated with structural 
failure, possibly resulting in death or property damage, since the foundation of structures is typically 
believed to be totally stable in structural analysis [34-38]. Therefore, the combination of the geophysical 
method should be employed in foundation studies, since it will help in a comprehensive investigation, 
particularly in virgin regions of the study area, before commencing the construction process. 

 

CONCLUSIONS 

The geophysical information obtained using the VLF-EM and geo-electrical resistivity method revealed the 
subsurface characteristics of the studied area, such as the weak/fractured zones. In addition it was evident 
that some part of the existing building around the study area is experiencing some structural failures such as 
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cracks, which is not safe for the building stability. Furthermore, several anomalous zones were characterized 
by the methods, and it is determined from the complete interpretation that building collapses are caused by 
three factors: inadequate clay materials, near-surface structures such as fractures/or faults, and horizontal 
inhomogeneity. Therefore, the research concluded that the VLF-EM and dipole-dipole resistivity 
measurement is helpful and favourable for analyzing inadequate clay materials and near-surface features 
such as weak/fracture zones in engineering geophysical studies. The result of this research work should be 
used as a guide to any further engineering investigation within the study area. Thus, it is imperative to carry 
out detailed geophysical and also geotechnical study to further investigate the environments, especially in 
the virgin and the adjoining areas of the study area. 
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