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1. Introduction 
According to (Yusuf et al., 2022), lead-zinc (Pb-Zn) 
mineralization in Nigeria has a lengthy geological history 
that spans from the late Albian to the Turonian eras. The 
upper Benue Trough's sedimentary deposits are the main 
locations for mineralization, which is frequently correlated 
with clearly defined, sharply dipping fractures and faults that 
are orientated N-S (Ukwuteyinor and Ezeh, 2023). Most of 
these deposits are found in Cretaceous strata in the northern, 
central, and southern Benue Trough and are epigenetic 
(Fatoye et al., 2014; Haruna, 2017).  
 
It is important to comprehend and identify Pb-Zn 
mineralization zones for both economic and geological 
reasons. During their exploration of southern Nigeria, (Ezeh 
and Ikegbunam, 2022) used geophysical methods including 
induced polarization and electrical resistivity tomography to 

find possible mineral-rich areas. Their results suggest that low 
to moderate resistivity and high chargeability values within 
the same width range may be signs of Pb-Zn mineralization. 
They do, in fact, advise testing drilling at the peculiar sites. 
In a similar spirit, (Eyankware, 2021) emphasized the 
economic potential of the Pb-Zn mineralization in the Benue 
Trough and indicated its significance for Nigeria's revenue 
generation. In mineral exploration, geophysical methods 
such as electrical resistivity and induced polarization are 
frequently employed (Nabighian, 2005; Janos, 2011; 
Moreira, 2012; Eyankware, 2019).  
 
Pb-Zn-Ag sulfide deposits can be located and mapped using 
induced polarization (IP) tomography, as (Ali et al., 2023) 
described in detail in their paper.  Moreover, geophysical 
studies are essential for fine-tuning prospective drilling 
locations and verifying surface geological findings. 

 
 

International Journal of Earth Sciences Knowledge and Applications 
 

journal homepage: http://www.ijeska.com/index.php/ijeska 
 

 
 

Research Article e-ISSN: 2687-5993

 
Application of Geophysical Methods in the Determination of Pb-Zn 
Mineralization in Abakaliki, Parts of the Southern Benue Trough, 
Nigeria 
 
Ighrakpata C. Fidelia1, Osisanya Olajuwon Wasiu2*, Ajibade Femi Zephaniah3 

1Department of Physics, College of Education, Edjeba, Warri South, Delta State, Nigeria 
2Department of Physics, College of Science, Federal University of Petroleum Resources, Effurun, Delta State, Nigeria 
3Department of Petroleum Engineering and Geosciences, Petroleum Training Institute, Effurun,  Delta State, Nigeria 

 
I N F O R M A T I O N  A B S T R A C T 

Article history 
Received 09 July 2024 
Revised 23 August 2024 
Accepted 24 August 2024 
 
Keywords 
Chargeability 
Resistivity 
Transverse 
Induced polarization 
Electrode 
 
Contact 
*Osisanya Olajuwon Wasiu 
  wasiu.osisanya@uniben.edu      

 

To identify Pb-Zn mineralization in the Abakaliki province, an integrated strategy was 
used for the objective of this study. Particularly in the Nsuba, Oputumo, Amenyi, Nsobo, 
and Opuitumo lodes. This investigation was conducted using two methods: the resistivity 
method (Dipole dipole configuration) and induced polarization (IP). The apparatus 
utilized for this research is the Abem Terrameter SAS 4000. There were ten (10) Dipole 
dipole arrays installed in the research region, with electrode spacing ranging from five to 
twenty meters in a NW-SE direction and a maximum spread of two hundred meters. 
Findings from the study suggested that mineralized zones, resistivity values ranging from 
0.4 to 1354 Ω-m and chargeability values from -877 to 813 ms were found. Positive 
magnetic anomalies were found in areas below the ground that had unusually high 
chargeability and relatively low resistivity structures. This suggested that Pb-Zn minerals 
might be present. The mineralization, characterized as a mildly disseminated stockwork, 
leans towards a relatively epigenetic nature.  
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Prospecting for different minerals is made easier by methods 
including induced polarization, seismic, magnetoteluric, 
magnetic, gravity, and electromagnetic surveys (Ali et al., 
2023). For example, (Boivin, 2007) examined how Pb-Zn 
deposits might transform into minerals using induced 
polarization profiles and DC resistivity. They were able to 
decipher the meaning of geological characteristics from the 
contour maps, magnetic profiles, and three-dimensional 
surface maps. Geological investigations, in addition to 
geophysical approaches, offer important insights into Pb-Zn 
mineralization. Pb-Zn mineralization was linked to igneous 
intrusions, according to  (Evrard et al., 2018) mapping of the 
Benue, Abakaliki and Ogoja districts. 
 
In a similar vein, (Mbah and Aniwetal, 2015) located Pb-Zn 
deposits in Ishiagu in Abakaliki and highlighted their 
relationship to geological characteristics like the Asu River 

Group shale and NW-SE trending fractures. In general, the 
identification and characterization of Pb-Zn mineralization 
in Nigeria depend heavily on the combination of geophysical 
and geological techniques, which yields important data for 
both economic development and mineral exploration. In 
order to meet the global need for lead and zinc—essential 
minerals utilized in a range of industries, including battery 
production and construction—studying Pb-Zn deposits is 
crucial, according to (Yalçın,and Canlı, 2024) used the IP 
technique to spread sulfate ores and find gold. They used 
induced polarization profiles and DC resistivity. In order to 
find Pb-Zn mineralization, (Eze and Adaora, 2018) 
conducted a magnetic survey on the ground. Magnetic 
intensity profiles were made along seven profile lines over the 
target area. In order to find the position and depth of mineral 
rocks, (Ojo et al., 2014; Kayode and Adelusi, 2010; Dakir et 
al., 2019) carried out additional investigation. 

 
 
 

 
 

Fig. 1. Base Map of the study area 
 
 
 

According to Victor et al. (2015) the southern limit of the 
Benue Trough's mineralization is represented by the Zurik 
Pb-Zn deposit in the Upper Benue Trough. As per  (Victor et 
al., 2015) during the Cenomanian incursion phase of the 
Middle Albian, the Asu River Group bended somewhat. 
Later, during the Santonian tectonic phase associated with 
igneous activity, the strata underwent refolding 
(Nwachukwu, 1972; Ogundipe and Obasi, 2016). The area's 
igneous activity and the main volcanic band coexist with Pb-
Zn mineralization (Oha et al., 2017).   
 
The majority of researchers have looked into other 
communities in the province of Abakaliki, including Ishiagu 
(Usman et al., 2014; Okonkwo et al., 2014; Mbah et al 2015), 

Enyigba (Eyankware et al., 2019; Ema et al., 2018), Ameri 
(Orajaka, 1965) and Ameka (Orajaka, 1965). However, no 
research on Pb-Zinc mineralization has been published in 
other towns in the same province, like Nsuba, Oputumo, 
Amenyi, Nsobo, and Opuitumo. This study uses 2D Dipole 
dipole profiling and the integrated IP approach to assess the 
Pb-Zn mineralization in Abakaliki province for both 
exploration and economic viability. The following objectives 
were selected to accomplish this: determining the 
coordinates, traverses, and field data collection layout of the 
study area; acquiring information on the chargeability and 
resistivity of the IP to examine the polarization potential, 
which can reveal the presence or absence of Pb-Zn 
mineralization because of its unique properties; and 
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identifying potential Pb-Zn mineralization locations 
throughout the research area in order to excavate or pit them 
in the future. 
 
2. Location, Accessibility, Climate and Geology of the 
Study Area 
The study area's location is depicted on a map in Fig. 1. The 
region spans longitudes 8º4ˈE to 8º8ˈE and latitudes 6º1ˈN to 
6º5ˈN (Fig. 2). It's in the Nigerian state of Ebonyi. The area 
is located in the lower Benue Trough geological complex in 
Southeast Nigeria, near the southwest corner of the Abakaliki 
Basin. It is made up of sedimentary terrain that is lower lying 
and has some intrusions from various episodes, according to 
(Eyankware et al.,  2022). The terrain is made up of low, level 

terrain with few trees, uneven streambeds, and tiny trees that 
have little or no leaves. 
 
3. Geology of the Study Area 
Baked clays and shale define the lithology. The Abakaliki 
Basin's Asu River Group of the Benue Trough is home to the 
Abakaliki geology (Fig. 2). It is mostly composed of poorly 
sorted bedded shale and splintery, unevenly sized 
metamorphosed mudstones. The sandstone and sandy 
limestone lenses have been badly cracked and combined. The 
earlier volcanic rocks in the Abakaliki Basin experienced 
faulting and metamorphism due to compressional tectonic 
stresses. Shallow aquifers were formed as a result of 
considerable weathering of the region's pyroclastic rocks   

 
 
 

 
 

Fig. 1. Geology map of the study area 
 
 
 

Phaleserite and quartz were deposited at temperatures 
between 102-175°C, according to fluid inclusion studies 
conducted on vein minerals from the Abakaliki and Ishiagu 
ore complexes. About 1725 equivalent weight percent of 
NaCl is the typical salinity of the ore fluid. The trace element 
contents in galena and sphalerite, as reported in Eze  and 
Adaora (2018), are also in line with an epigenetic origin and 
low formation temperature; the southern Benue Trough's 
epigenetic Pb-Zn deposit is housed in the Cretaceous layers 
of an intra-cratonic rift basin.  
 
The geotectonic setting, the prevalence of muddy conditions, 
and the fluid inclusion characteristics point to connate 
brines—produced by high geothermal gradients that 
triggered continental drifting—as the source of 
mineralization. Mineral deposition is induced by reactivity 

with wall rocks or quick cooling from mixing with 
descending or low-salinity meteoric waters, according to Eze  
and Adaora (2018). 
 
4. Methodology 
4.1. Data and Methods 
4.1.1. Electrical Resistivity Tomography 
Using the apparent resistivity of the variation, the vertical and 
lateral extent of the Pb-Zn mineralization was determined 
using the electrical resistivity method (Dipole Dipole Array). 
Along the previously occupied TR1, 2, 3, 4, 5, 6, 7, 8, 9, and 
10 at variable (5, 10, 15, and 20 m) electrode spacing in a 
NW-SE orientation with a maximum spread of 200 m, 
Terrameter ABEM 4000, GPS, and compass clinometer were 
moved to the site. Traverse lines must be laid across the 
direction of dipping fractures and faults in the study region 
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because lead-zinc mineralization in the upper Benue Trough 
is limited to well defined steeply dipping fractures and faults 
striking in a N-S direction (Ukwuteyinor and Ezeh, 2023).  
 
There were different numbers of traverses carried out in each 
of the communities since the lines chosen were determined 
by the amount of space available to lay the traverses in the 
research region. Readings from field measurements were 
kept in a field notebook. 2D Dipole dipole profiling was 
employed in both the electrical resistivity and the induced 
polarization surveys. It was chosen to detect the potential 
difference rather than the contact resistance between the two 
electrodes while using two extra electrodes. This is not 
relevant, given the small amount of current the voltmeter is 
meant to draw. Per Ohm's law, a little current differential 
across the contact resistances translates into a small potential 
difference. The sign (V) stands for the potential difference 
(pd) between the electrodes that have potential. The signal-
to-noise ratio in magnetism is enhanced via stacking. 
 
4.1.2. Induced Polarization Data 
Induced polarization (IP) is a delayed voltage response 
observed in earth materials (Sumner, 2012; Albi et al., 2010). 
The cause of it is stimulation by current. Neguyen (2020) 
suggests that this technique can locate hidden subsurface 
mineral deposits. Ion movement and chemical reactions are 
the two key factors that determine how rapidly the 
polarization potential rises or lowers. Polarization is limited 
to materials that carry electricity (Sumner, 2012; Airo, 2015). 
In earth materials, "induced polarization" refers to an 
electrical or resistive blocking effect that occurs primarily in 
fluid-filled pores near metallic minerals (Alilou et al., 2014; 
Revie et al., 2015). The IP effect is therefore most noticeable 
in close proximity to rocks that include metallic-luster 
minerals. In regions with distributed mineralization, where 
conventional geophysical exploration techniques prove 
unproductive, induced polarization serves as a useful 
instrument (Shah, 2013; Adagunodo et al., 2015).  During the 
IP scan, current was sent into the subsurface using a pair of 
non-polarizing electrodes (Binley, 2015; Clement,  2021). 
Because the primary voltage (v) between a second pair of 

non-polarizing potential electrodes did not return to zero but 
instead formed into a secondary voltage (Vs) that steadily 
declined, an IP effect occurred in the time domain when the 
current was abruptly shut off. The outcome is an apparent 
chargeability (Clement, 2021). A lead-zinc deposit is 
characterized by low resistivity and strong chargeability 
(Yusuf et al., 2022). A Pb-Zn deposit may therefore be 
present if low resistivity regions on the Dipole dipole profile 
line up with high chargeability sites on IP. 
 
5. Results and Discussion 
5.1. Induced Polarization and Electrical Resistivity Surveys 
Figs. 3a–3i show 2D resistivity plots of the ten interpreted 
traverses and their associated induced polarization results. 
The 2D resistivity data was processed using the RES2D 
Inversion program. To characterize the study area, 
geophysical methods were used. Fig. 3a reveals two major 
chargeability bodies (A and B) with chargeability values 
between 242 ms and 389 ms and resistivity values of 36 Ωm 
and 320 Ωm, respectively. The resistivity and chargeability 
structures were mapped along traverse 1 NW–SE, with a 
distance of 200 m in the study area. A total depth of 24.9 m 
was imaged, and the resistivity varied from 13.9 Ω-m to 389 
Ω-m. The results align with the research carried out by Vieira 
et al. (2016) and Grygory et al. (2021). A high-chargeability 
body C with chargeability values ranging from 450 to 633 ms 
and a low resistivity value of 24.6Ωm is shown in Fig. 3b.  
 
As per reference Yusuf et al. (2022), the presence of a high 
chargeability and a similarly low resistivity is indicative of 
metallic mineralization. Electrode polarization, an 
overvoltage phenomenon of electrical reactance between 
metals or metallic minerals and an electrolyte, is the cause of 
this high chargeability.  It is suspected that Pb-Zn 
mineralization exists in this subsurface region. This is 
consistent with research by Grygory et al. (2021), who 
believed that low resistivity and high chargeability indicate 
the existence of metallic minerals. Fig. 3c revealed a major 
chargeability body D with chargeability values ranging from 
50 ms to 72 ms and resistivity values ranging from 23.7 Ω-m 
to 30.5 Ω-m. 

 
 
 

 

a
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Fig. 3. Resistivity and chargeability structure for  (a) traverse 1 (TR-1), (b) traverse 2 (TR-2), (c) traverse 3 (TR-3), (d) traverse 4 (TR-4), (e) traverse 5 (TR-
5),  (f) traverse 6 (TR-6), (g) traverse 7 (TR-7), (h) traverse 8 (TR-8), i) traverse 9 (TR-9) and (j) traverse 10 (TR-10) 
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The resistivity and chargeability structure along traverse 4 in 
NW are presented in Fig. 3d. A low resistivity of 25.9 Ωm to 
37.7 Ωm and an abnormal body E with chargeability values 
between 48.1 and 55.8 ms define the figure. This finding is 
consistent with the high peak positive magnetic anomaly 
region, which is typically thought to contain mineral 
potential (Grygory et al., 2021). This location has been linked 
to possible Pb-Zn mineralization. The shape of Fig. 3e is 
moving toward NNW-SSE, and it has two strange spots (F 
and G) that have chargeability values between 166 and 278 
ms and low resistivity values of 11.2 Ωm and 30.7 Ωm, 
respectively. Fig. 3f revealed that the entire study area is 
characterized by high chargeability values ranging from -30.5 
to 70.3 and corresponding pockets of low resistivity values of 
88Ωm to 123 Ωm at points H, I, J, and K. For this traverse, 
the chargeability value decreased when compared to Fig. 3e. 
Fig. 3f revealed the resistivity and chargeability structure 
along TR-6 NNW. A depth of 18.5 m was imaged, and the 
resistivity ranged from 461 Ω-m to 642 Ω-m. Chargeability 
values ranged from -38.5 to 78 ms; at a distance of 18.5-24.9 
m, there is an anomalous chargeability. A high chargeability 
anomaly L was seen in the middle of the profile (along 
transverse (TR) NNW-SSE), with values ranging from 400 to 
743 ms. Low resistivity values, which ranged from 25 to 48.7 
Ωm, corresponded to it. Fig. 3h showed a medium to low 
resistivity value ranging from 1.42Ωm to 0.6Ωm, which 
corresponded to a high chargeability anomaly M ranging 
from 33.3 to 46.3 ms. In Fig. 3h, the resistivity and 
chargeability structure are presented by Traverse (TR8) 
NNW-SSE. The resistivity and chargeability structure along 
traverse (TR-9) NNW-SSE in the research area are displayed 
in Fig. 3i. With values ranging from 338 to 813 ms for its two 
high anomalous chargeability bodies (N and O), it has a low 
resistivity value between 18.4 Ω and 30.0 Ωm. The resistivity 
ranged from 11.2 Ωm to 350 Ω-m at a total depth of 24.9 m 
that was documented. Along the traverse, chargeability 
varied from -877 to 813 ms. Along the traverse of NNE, Fig. 
3j displays pockets of high chargeability bodies (P, Q, and R) 
of 120 ms, which correlate too low to medium resistivity 
values of 3.89Ωm to 18 Ωm. This study is in line with the 
research conducted by Ukwuteyinor and Ezeh (2023)in the 
study area. 
 
6. Conclusion 
In conclusion, the various chargeability and resistivity 
variations observed across the study area. 
 
 Chargeability bodies A and B exhibit values between 242 

ms and 389 ms, with corresponding resistivity values of 
36Ωm and 320Ωm while a high-chargeability body C is 
observed with values ranging from 450 to 633 ms and a 
low resistivity value of 24.6Ωm, indicating suspected Pb-
Zn mineralization. 

 Major chargeability body D has values ranging from 50 
ms to 72 ms, with resistivity values ranging from 23.7 Ω-
m to 30.5 Ω-m and an anomalous body E is characterized 
by chargeability values ranging from 48.1 to 55.8 ms and 
low resistivity values of 25.9 Ωm to 37.7 Ωm, also 
indicating suspected Pb-Zn mineralization. 

 Strange spots F and G have chargeability values between 
166 and 278 ms and low resistivity values of 11.2 Ωm and 
30.7 Ωm, respectively while Traverse 6 (TR-6) reveals 
high chargeability values ranging from -30.5 to 70.3 ms, 
with corresponding pockets of low resistivity values of 88 
Ωm to 123 Ωm. 

 Anomalous chargeability anomaly L is observed in the 
middle of the profile, with values ranging from 400 to 743 
ms, matched by low resistivity values ranging from 25 to 
48.7 Ωm and High chargeability anomaly M ranging from 
33.3 to 46.3 ms corresponds to medium to low resistivity 
values ranging from 1.42 Ωm to 0.6 Ωm. 

 High anomaly chargeability bodies N and O have values 
between 338 and 813 ms, with low resistivity values 
between 18.4 Ωm and 30.0 Ωm and Pockets of high 
chargeability bodies P, Q, and R of 120 ms correspond to 
low to medium resistivity values of 3.89 Ωm to 18Ωm 
along the traverse of NNE. 

 
These findings align with previous research and suggest 
potential areas of interest for further exploration, particularly 
regarding metallic mineralization such as Pb-Zn. 
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